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Abstract: Cell-free antigens (CFAg) derived from Paracoccidioides brasiliensis have typically been used in
immunodiffusion reactions for serodiagnosis or therapeutic follow-up of paracoccidioidomycosis patients.
Thus, we investigated the usefulness of CFAg obtained from cultures at different ages, to evaluate cellular
immunity by the footpad test, in experimental murine paracoccidioidomycosis. Male mice infected with
P. brasiliensis 265 strain were challenged in the footpad with CFAg obtained from four- (4d CFAg) or
11-day-old cultures (11d CFAg). The increase in footpad swelling provoked by 4d CFAg and 11d CFAg was
similar and showed significant difference in relation to control groups. However, the infiltrate pattern was
strikingly different: 4d CFAg induced a predominant mononuclear infiltrate whereas 11d CFAg provoked
a predominant polymophonuclear infiltrate. These different inflammatory patterns were associated with
distinct electrophoretic characteristics. By comparison with 11d CFAg, 4d CFAg showed more numerous
and intense bands, including a strong one of 43 kDa (gp43). These results suggest that CFAg derived from
Pb 265 isolate can be used as a reagent to evaluate cellular immunity; however, the culture’s age is critical
because only young cultures are able to induce a typical mononuclear infiltrate. The efficacy of this new
paracoccidioidin to assay the cellular immunity in infections caused by other P. brasiliensis isolates is under
investigation.
Key words: Paracoccidioides brasiliensis, cell-free antigens, delayed-type hypersensitivity reaction, gp43,
murine paracoccidioidomycosis.

INTRODUCTION
Paracoccidioidomycosis (PCM) is a human
systemic mycosis caused by the thermally
dimorphic fungus Paracoccidioides brasiliensis,
which grows in mycelial form at room temperature
and as yeast at 37oC in vitro or in infected tissues
(1). The infection is endemic in Latin America,
with high incidence in Brazil, Colombia,
Venezuela and Argentina and manifests as either
a systemic condition or as a chronic localized
mycosis depending on several factors, including
the immunocompetence and genetic profile of
the host, fungal burden, exposure time, and the
virulence of the fungal strain (1, 2).

As in other deep mycoses, cell-mediated
immunity has been described as the most
important host defense mechanism against this
fungus, and a correlation has been found between
the severity of the disease and impaired delayedtype hypersensitivity (DTH) response (3, 4).
Thus, progressive or disseminated forms of the
disease are usually associated with depressed
cellular immune response and high levels of
specific antibodies (3-5).
Several studies have been carried out to search
for specific antigens and to standardize tests to
evaluate the humoral and cellular immune response
in human and experimental PCM. The most used
test to evaluate the specific anti-P. brasiliensis
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cellular immunity in patients with PCM and in
epidemiological studies is the DTH reaction with
paracoccidioidin (4, 6). The paracoccidioidin that
has been classically employed is the Fava-Netto
polysaccharide-rich antigen (7). Camargo et al. (8)
described a very simple and rapid methodology
for extracting cell-free antigens (CFAg) from the
yeast form of P. brasiliensis. When this preparation
was used for the serologic diagnosis of PCM
patients, the immunodiffusion tests presented
high sensitivity and specificity.
A predominant antigen in this CFAg
preparation is a glycoprotein with a molecular
weight of 43 kDa (gp43) secreted exocellularly
by the infective yeast phase; and among the
antigens used in serological methods, gp43
is the most studied P. brasiliensis component
(9, 10). The gp43 has been described as the
immunodominant antigen in PCM and is the
main PCM diagnostic antigen, although there are
some isolates that do not secrete this glycoprotein
(11-15). Gp43 is recognized by all sera from
infected patients, particularly in more sensitive
assays such as immunoassays, and detected as
a circulating antigen in patients (13, 14, 16-23).
Furthermore, gp43 also contains epitopes that
elicit positive DTH in mice and humans with
PCM (24, 25). Indeed, when the P. brasiliensis
extract preparation is depleted of gp43, the DTH
response is not observed (26). More recently,
reports focusing on polymorphism in the PbGP43
gene (which encodes fungal glycoprotein gp43)
and on detection of P. brasiliensis gp43 gene in
patients’ sputa brought advances at molecular
levels as a genetic marker (27, 28).
It has also been shown that animals infected
with live fungi strongly recognize gp43 by both
humoral and cellular immunity (25). Furthermore,
it has been reported that gp43 is also involved in in
vitro and in vivo pathogenicity (29).
However, although several studies have
employed this antigen to evaluate cellular and
humoral immunity, there are no reports in
the literature evaluating the effect of different
P. brasiliensis culture ages on the properties
of CFAg preparations. Thus, considering the
immunodominant cellular immune response
elicited by gp43 present in CFAg extracts, the
present work was designed to determine the
suitability of CFAg, derived from different culture
ages, to evaluate cellular immunity by DTH in
murine experimental PCM.
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MATERIAL AND METHODS
Animals
Six young adult male Swiss mice per group,
four weeks old, were used in experiments. The
animals were obtained from the Central Animal
Facility at the São Paulo State University (UNESP),
Botucatu, and provided with water and sterilized
food ad libitum throughout the experiments. All
the procedures involving animals and their care
were conducted in conformity with national and
international policies. Moreover, the present study
was approved by the Animal Experimentation
Ethics Committee of the Botucatu Medical
School.
Fungus
The low-virulence P. brasiliensis strain 265 (Pb
265), which had been kept in the fungal culture
collection of the Department of Microbiology
and Immunology, at the Botucatu Biosciences
Institute, was used throughout this study. Pb
265 yeast cells were maintained by weekly
subcultivation in the yeast-form cells at 35°C on
2% glucose, 1% peptone, 0.5% yeast extract and
2% agar medium (GPY medium), throughout the
execution of this work.
Experimental infection
Yeast cells from six-day-old cultures were
washed and suspended in 0.15 M phosphatebuffered saline (PBS pH 7.2). In order to obtain
individual cells, the fungal suspension was
homogenized with glass beads in a Vortex
homogenizer (three cycles of ten seconds).
Yeast viability was determined by phase contrast
microscopy and bright yeast cells were counted
as viable while dark ones were considered not
viable (30). Fungal suspensions containing
more than 95% viable cells were adjusted to 25
x 106 cells mL–1 based on hemocytometer counts
and used in the experiments. Mice were then
infected intraperitoneally (IP) with 200 mL of the
suspension containing 5 x 106 viable yeast cells.
Cell-Free Antigens (CFAg) Preparation
CFAg were obtained by the methodology
described by Camargo et al. (8), with few
modifications. Briefly, Pb 265 was grown in GPY
medium at 35°C for 4 or 11 days. The fungal
growth (about 300 mg) was collected by gently
scraping the agarose surface. The cell mass was
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then suspended in 1 mL of phosphate-buffered
saline (PBS), mixed for 30 seconds on a Vortex
mixer and immediately centrifuged at 10,000 g
for one minute. The supernatants were sterilized
by filtration through millipore 0.22 mm. Protein
concentration was determined according to
Lowry et al. (31). Aliquots were kept at –20°C
until use. The antigens prepared after 4 and 11
days were denominated 4d CFAg and 11d CFAg,
respectively.
Delayed-Type Hypersensitivity Test
The delayed-type hypersensitivity (DTH)
reaction was evaluated by the footpad swelling
test as previously described (32). Briefly, mice
were infected IP with 5 x 106 yeast cells. After 15
days of infection, the animals were challenged in
the left hind footpad, with 50 mL of suspension
containing 50 mg of CFAg. The footpad thickness
was measured with a calliper immediately
before and 24 hours after antigen inoculation.
The increase in thickness was calculated and
expressed in millimeters. Uninfected mice
were injected in the footpads with CFAg or
with PBS and used as control groups. Optimal
antigen concentration for DTH assays had been
determined in preliminary experiments (data
not shown).

Statistical Analysis
Student’s t-test was performed to determine
the statistical significance of the data at p <
0.05. Data were expressed as mean ± SD.
RESULTS
Characteristics of DTH Reactions Induced by
CFAg 4d and CFAg 11d
To investigate whether the age of P.
brasiliensis yeast culture could affect the
efficiency of CFAg in a DTH reaction, antigens
were prepared from 4- and 11-day-old cultures.
As shown in Figure 1, 4d and 11d CFAg
had induced a similar increase in footpad
thickness in the mice at 15 days of infection.
However, a clear difference was observed in
relation to the cellular infiltrates; 11d CFAg
induced predominance of polymorphonuclear
cells (PMNs) whereas 4d CFAg induced
predominantly mononuclear cell infiltrates
(Figure 2). No increase in the footpads was
observed in control animals injected with these
same antigens (data not shown).

Histopathology
Footpad tissue from infected and control mice
was collected 24 hours after CFAg inoculation,
fixed in 10% formalin and embedded in paraffin.
Five-micrometer sections were obtained and
stained with hematoxylin and eosin (HE). The
cellular infiltrate pattern and intensity were
determined by light microscopy.
Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)
SDS-PAGE was performed as previously
described (33). Briefly, 54 mg of CFAg from 4and 11 day-old cultures of Pb 265 were mixed
with the reducing sample buffer containing
62.5 mM TRIS-HCl (pH 6.8), 2% SDS, 10%
glycerol, 10% 2-mercaptoethanol and 0.005%
bromophenol blue. Molecular weight markers
(SDS-6H®, Sigma-Aldrich, USA) were also
included. Glycoprotein bands were detected by
silver nitrate staining (34).
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Figure 1. Comparison between reactions induced
by 4d and 11d CFAg. Fifteen days after infection
with 5 x 106 P. brasiliensis yeast cells by IP route,
mice were injected in the footpad with CFA 265
(50 mg/50 mL) obtained from 4-day or 11-day-old
culture. After 24 hours the increase in the footpads
was determined. The bars depict the mean of six
animals ± SD. * Significantly different (p < 0.01) from
control group.
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Figure 2. Histopathological analysis of DTH
reactions induced by 4d CFAg and 11d CFAg.
Fifteen days after IP infection with P. brasiliensis 265,
mice were challenged via the footpad with CFAg.
Twenty-four hours later, footpad sections were
stained and analyzed. (A) Four-day CFAg showing
predominance of mononuclear cells (HE 100x) and
(B) Eleven-day CFAg showing predominance of
polymorphonuclear cells (HE 100x).

Electrophoretic Comparison of 4d CFAg and
11d CFAg
The differences observed in the DTH
reactions described above could be related to
quantitative or qualitative composition of the
utilized CFAg. To assess this hypothesis, the
two CFAg preparations were compared by
SDS-PAGE. As can be observed in Figure 3,
4d CFAg showed a broader profile of bands
compared to 11d CFAg. Considering the bands
located at similar positions, the ones present
in 4d CFAg were always larger than 11d CFAg.
An interesting finding was the presence of an
intense protein band, with an approximate
molecular weight of 43 kDa, in the 4d CFAg.
A rather faint band was present at the same
position in 11d CFAg.
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Figure 3. Electrophoretic analysis of 4d CFAg and
11d CFAg. Fifty-four microgram each of 4d CFAg
and 11d CFAg were separated by SDS-PAGE under
reducing conditions in a 7-14 continuous gradient
gel. The bands were visualized by silver staining
for glycoproteins. (a) 4d CFAg; (b) 11d CFAg; (c)
molecular weight standard (kDa).

DISCUSSION
Extraction of CFAg from the yeast forms
of P. brasiliensis grown in agar slants has been
described as a very simple, inexpensive and
rapid method to obtain specific antigens from
this fungus (8). Tests of this antigenic extract
by immunodiffusion showed a high sensitivity
and specificity in the serodiagnosis of PCM. To
investigate the effect of different P. brasiliensis
culture ages on the CFAg preparations and
the suitability of each as a reagent to evaluate
cellular immunity, a DTH reaction was used in a
murine model of PCM. As the fungus cultivation
duration affected the specificity and sensitivity
of serological reactions, we investigated whether
this was also true for cellular reactions (8).
The Pb 265 strain, having been widely used in
experimental models of paracoccidioidomycosis
as the low-virulence standard, possesses the
capacity to trigger inflammatory reaction due its
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higher b-glucan content than those found in other
strains (35-37). The results comparing increases
in footpads and cellular infiltrates in DTH
induced by 4d CFAg and 11d CFAg produced
very interesting results. Footpad enlargements
were similarly induced by 4d and 11d CFAg,
but the histopathological analysis indicated
a striking difference: a typical DTH reaction,
characterized by predominance of mononuclear
cells, was associated with 4d CFAg. Otherwise,
11d CFAg induced a cellular infiltrate with
polymorphonuclear-cell (PMN) predominance. It
is tempting to speculate that PMN predominance
evoked by 11d CFAg could be associated, at least
partially, with an Arthus reaction. Alteration
in a classical DTH reaction, by an Arthus-type
reaction, has been described (38). Experimental
evidence in favor of this possibility has been
suggested in a murine model of PCM. Fazioli et
al. (32) attributed the predominance of PMN, in
a DTH reaction using the Fava-Netto antigen, to
the contribution of an Arthus-type reaction.
Acceptance of 4d CFAg as a reagent to evaluate
cellular immunity seems very promising because
this preparation is methodologically easy and
cheap. In addition, the time required to prepare
this antigen, including the interval for fungus
growth, is shorter (around eight days) than the
classical paracoccidioidins that require cultures
aged at least 25 days (5, 8, 39).
The difference in the inflammatory reaction
pattern was also associated with a distinct picture
observed by SDS-PAGE analysis. The 4d and 11d
CFAg displayed a similar electrophoretic profile;
however, bands in the 4d CFAg were strikingly
more intense. Also some proteins observed in
the 4d CFAg were absent in the 11d CFAg. The
mechanism that generated these two distinct
profiles was not evaluated in the present study.
However, as the same protein concentration
from both antigenic preparations was applied to
the gel, the absence or reduced intensity of the
bands associated with the 11d CFAg could result
from a proteolytic degradation. This possibility is
supported by several reports. The disappearance
of protein or proteic bands from CFA obtained
from older cultures of B-339 P. brasiliensis isolate
was previously described (9). Proteolytic activity
in P. brasiliensis cultures has also been found (40).
This proteolysis could explain the induction by
11d CFAg of an inflammatory reaction distinct
from the typical DTH reaction. It is possible
J Venom Anim Toxins incl Trop Dis | 2011 | volume 17 | issue 3

that many glycoproteins from P. brasiliensis are
involved in the cellular immune response. Their
degradation could result in the loss of antigenicity
for a DTH reaction as has been described for
other systems (41).
Another interesting finding was the different
intensity in the 43 kDa band found in the two
antigens. Four-day CFAg displayed a much more
intense band than 11d CFAg. Even though we did
not evaluate the identity of this protein, it likely
corresponds to gp43. This assumption is based on
the molecular weight and also on the high yield
of this protein in the original description of CFAg
preparation (8). Due to the immunodominance of
gp43, it is possible that the induction of a typical
DTH by CFAg 4d is associated with the presence
of this glycoprotein. The abolition of Fava-Netto
paracoccidioidin antigenicity by gp43 depletion
and the successful use of purified gp43 in DTH
reactions reinforce this hypothesis (24, 26).
The results presented in this report allow us to
suggest the usefulness of CFAg derived from the
P. brasiliensis 265 isolate as a reagent to evaluate
the cellular immunity, by the footpad test, in
experimental PCM caused by this isolate. The use
of this antigen to assay the cellular immunity in
infections caused by other P. brasiliensis isolates
is under investigation.
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