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In the present study we report the standardization of an immunoradiometric assay (IRMA) for detection of
Paracoccidioides brasiliensis circulating antigens that could be useful in the diagnosis and prognosis of
paracoccidioidomycosis. For this purpose we studied the reactivities of P. brasiliensis and other mycotic
antigens with rabbit polyclonal anti-P. brasiliensis antibodies (immunoglobulin G) in order to evaluate the
sensitivity and specificity of an IRMA for detecting P. brasiliensis antigens. The results were compared with
those obtained by the double immunodiffusion test, the standard technique for the serodiagnosis of
paracoccidioidomycosis. By using the immunoglobulin G fraction of rabbit antisera (900 ng per well), it was
possible to detect up to 3.6 ng (0.12 ,ug/ml) of cellular antigen and 360 ng (12 ,ug/ml) of metabolic antigen in
contrast to the double immunodiffusion test that could detect only 12 ,ug (1.2 mg/ml) of both antigens. IRMA
was shown to be feasible and very sensitive and may therefore help, together with clinical data, in establishing
early diagnosis and assessing disease activity. It could also allow the study of relationships between P.
brasiliensis circulating antigens and host defense mechanisms during the disease.

Paracoccidioidomycosis is a chronic disease caused by the
dimorphic fungus Paracoccidioides brasiliensis. It is en-
demic in South and Central America, with the great majority
of cases reported in Brazil. The primary pulmonary infection
is generally inapparent, and the disease can then disseminate
to any organ or system. Involvement of mucous membrane,
cutaneous tissue, and lymph nodes is common.
The standardization and purification of P. brasilien.sis

antigens for diagnosis has been very actively researched for
several decades (1-3, 6, 12, 14, 15, 23). However, despite the
fact that the detection of antigen can provide more-accurate
information on mycotic disease activity (11, 17, 20-22),
immunological methods for detecting P. brasiliensis antigens
are still lacking.

Recently, during a serological follow-up of patients treated
for paracoccidioidomycosis, we noted that it takes up to 7
years for the serum antibody reaction to turn negative in 75%
of successfully treated patients (5). This fact demonstrated
the need for alternative methods to assess disease activity,
particularly to detect new outbreaks in patients with past
history of the disease.

In the present study we report the standardization of an
immunoradiometric assay (IRMA) for detection of P. brasil-
iensis circulating antigens that could be useful in the diag-
nosis and prognosis of paracoccidioidomycosis.

MATERIALS AND METHODS
P. brasiliensis antigens. Yeastlike forms of P. brasiliensis

strain 192 (obtained from the fungal culture collection of the
Department of Microbiology, University of Sao Paulo, Sao
Paulo, Brazil) were maintained on Sabouraud's glucose agar
slants (Difco, Detroit, Mich.) at 35 to 37°C. The following
two antigen preparations were used: (i) metabolic antigen
obtained from yeast culture concentrated filtrate and (ii)
cellular antigen extracted from yeastlike forms. The meta-
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bolic antigen was prepared by ultrafiltration (molecular
exclusion, 10 kDa; PM 10 membrane [Amicon Corporation,
Lexington, Mass.]) of supernatants of 30-day-old P. brasil-
iensis cultures in Sabouraud's glucose liquid medium, as
previously described (5). Cellular antigen was obtained by
harvesting yeastlike cells during their logarthmic growth
phase (10 to 13 days; Sabouraud's glucose agar medium) by
centrifugation at 3,000 x g for 15 min at 4°C, suspension in
a solution consisting of 0.15 M phosphate-buffered saline
(PBS) (pH 7.2), 1.0 mM phenylmethylsulfonyl fluoride, and
1 mM N-p-tosyl-L-lysine chloromethyl ketone (PBS-PMSF-
TLCK), and freeze-drying. The cells were then lyophilized
and resuspended in 1:100 (wt/vol) sterilized PBS-PMSF-
TLCK, and the solubilization of antigens was done by
continuously stirring the solution in the presence of sterile
2-mm-diameter glass beads at 4°C during 24 h. The extract
was then centrifuged at 3,000 x g for 15 min at 4°C, and the
supernatant was finally centrifuged at 12,100 x g for 30 min
at 4°C and filtered by passage through wet Millipore mem-
branes (pore size, 0.45 and 0.22 [Lm) for lipid removal and
sterilization. This crude cellular soluble antigen was concen-
trated to 12 mg of protein per ml in an Amicon stir-cell
concentrator, using a PM 10 membrane. The protein con-
centration was measured by the method of Johnstone and
Thorpe (10), using PBS-PMSF-TLCK as a blank.
Histoplasma capsulatum antigen. H. capsulatum, strain B

679, kindly supplied by L. Ajello from the Communicable
Disease Center, Atlanta, Ga., was maintained on Smith's
asparagine agar slants at room temperature in the dark. To
produce antigen, the cells were grown on Smith's asparagine
liquid medium at room temperature for approximately 5
months when thimerosal (1:10,000 [wt/vol]) was added. The
mycelium was separated from the culture by passage
through filter paper (Whatman no. 1) followed by centrifu-
gation at 3,000 x g for 15 min at 4°C. The supernatant was
concentrated 20 times by dialysis against Aquacide III (flake
polyethylene glycol [Calbiochem/Hoechst, La Jolla, Calif.])
followed by precipitation with cold ethanol overnight at
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-20°C. The protein content was measured by the method of
Johnstone and Thorpe (10), using identically processed
noninoculated medium as a blank.
Aspergillusfumigatus antigen. Four strains of A. fumigatus

were isolated from patients with fungus balls and maintained
on Sabouraud's glucose agar slants (Difco) at room temper-
ature in our laboratory. The inoculum was prepared from a

4-day-old inoculated Sabouraud's glucose liquid medium.
Each strain was grown for a period of 4 weeks. Thimerosal
(1:10,000 [wt/vol]) was then added, and the four strains were

pooled. The subsequent procedures were similar to those
used for the production of H. capsulatum antigen.
Candida albicans antigen. C. albicans antigen was obtained

from serotype A and B strains (kindly supplied by E.
Drouhet, Institut Pasteur, Paris, France). The yeast cells
were grown in Sabouraud's liquid medium at 37°C for 20
days, and the cells were killed by the addition of thimerosal
(1:10,000 [wt/volJ). After 48 h, the yeast cells were separated
from the supernatant by centrifugation at 3,000 x g for 15
min at 4°C. The subsequent steps were done following the
protocol already described for production of H. capsulatum
antigen.

Rabbit antiserum. Rabbit antiserum to P. brasiliensis
cellular antigen was raised by injecting rabbits intracutane-
ously with about 1.5 mg of antigen protein emulsified in
Freund's complete adjuvant (Sigma, St. Louis, Mo.). Six
weeks later, the rabbits were injected intracutaneously with
the same amount of antigen in Freund's incomplete adju-
vant. Animals were bled 5 and 7 days after the second
injection, and sera were tested by the double immunodiffu-
sion test (DID).

Isolation and labeling of IgG from rabbit antiserum. The
procedure for purification of antibodies involves a combina-
tion of salt precipitation and ion-exchange chromatography.
Briefly, a saturated solution of ammonium sulfate was

added, in a final concentration of 33%, to a rabbit anti-P.
brasiliensis antiserum, previously diluted 1:1 (vol/vol) in
PBS, with constant stirring and incubated for 30 min at room
temperature. The supernatant was discarded by centrifuga-
tion at 30,000 x g for 30 min at 25°C, the pellet was

redissolved in distilled water, and the resulting solution was

dialyzed against 0.07 M sodium phosphate, pH 6.3, for
further purification. The ion exchanger (DEAE-cellulose;
LKB, Bromma, Sweden) was equilibrated with the phos-
phate buffer, and immunoglobulin G (IgG) eluted from the
starting buffer in a single asymmetrical peak. The protein
yield was calculated from the extinction coefficient by A280.
The polyclonal antibodies were labeled with Na125I (Amer-
sham Laboratories) using lodogen (Pierce Chemical Com-
pany, Rockford, Ill.) by the method of Fraker et al. (8).
DID. The DIDs were performed in agarose gel (1% in PBS

[wt/vol]) by applying 10 of the rabbit antiserum or the
reference human serum (5, 6) in the central well and by
applying serial dilutions of the antigens, in twofold geometric
steps, in adjacent wells. This technique was used to assess
the antigenicity of the fungous extract, to test the antiserum
produced, and to study the antigenic relationship between
cellular and metabolic P. brasiliensis preparations. All the
antigens used were positive in DID against their homologous
sera and negative against their heterologous sera using an

already described criterion (5, 6). Polyclonal IgG from
rabbits and from paracoccidioidomycosis patients were

found to react with both cellular and metabolic P. brasilien-
sis antigens.

Two-site IRMA. The IRMA used was adapted from that
described by Zavala et al. (24), for the immunodiagnosis of
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FIG. 1. Determination of optimal antibody concentration to be
used in the IRMA for P. brasiliensis antigen detection. Each point
represents the lowest antigen concentration that can be detected
with each concentration of IgG coated to the polyvinylchloride
wells.

malaria in the invertebrate (Anopheles) host. Wells of flex-
ible polyvinylchloride microtiter plates (Dynatech Laborato-
ries, Alexandria, Va.) were incubated overnight at 25°C with
a 30-,ug/ml solution (30 pI per well) of purified rabbit anti-P.
brasiliensis IgG antibodies in PBS. The wells were washed
three times with PBS and incubated overnight with 150 RI of
PBS containing 1% BSA (bovine serum albumin; Sigma) and
0.5 M ethanolamine (Merck, Schuchardt, Germany) at pH
8.6 (PBS-BSA-ETH). The plates could be frozen at -20°C
for at least 2 weeks with no change in the results (results not
shown). Antigens diluted in a mixture of 6 volumes of a pool
of normal human sera and 1 volume of PBS-BSA-ETH
containing 0.5% Tween 20 and 0.1% Nonidet P-40 (NP-40)
(PBS-BSA-ETH-Tween 20-NP-40) were tested in dupli-
cate. After centrifugation at 8,000 x g for 5 min, 30 pul was
placed in each well. After incubation for 2 h at room
temperature, each well was washed three times with PBS-
BSA-ETH-TWEEN 20-NP-40. Then 30 RI (106 cpm) of
125I-labeled rabbit IgG anti-P. brasiliensis diluted in PBS-
BSA-ETH-TWEEN 20-NP-40 was added to each well with
1% goat normal serum to avoid nonspecific binding. After 1
h at room temperature and three washes with PBS-BSA-
ETH-TWEEN 20-NP-40, the wells were dried and radioac-
tivity was measured with a gamma counter (Gamma 4000;
Beckman). The average counts per minute of 16 undiluted
normal human sera ± 2 standard deviations was defined as
the normal value.

RESULTS

Binding of cellular P. brasiliensis antigen to anti-P. brasil-
iensis polyclonal antibodies. The antigen detection curve with
different anti-P. brasiliensis antibody concentrations is
shown is Fig. 1. The lowest amount of polyclonal antibodies
giving positive results with the highest antigen dilution
(1:105, corresponding to 3.6 ng of protein per well) was about
900 ng per well. This concentration of polyclonal antibodies
was therefore chosen as the working concentration for
subsequent experiments. Negative results were obtained
with normal human sera without fungal antigens at all
antibody concentrations.

Sensitivity and specificity of IRMA. As shown in Fig. 2,
polyclonal IgG raised against yeastlike forms of P. brasilien-
sis (cellular antigen) also binds to the metabolic antigen
preparation. Indeed, using a standard patient serum, known

VOL. 29, 1991



1204 FERREIRA-DA-CRUZ ET AL.

cv)

40

2

* S

0

NORMAL HUMAN SERA
(undiluted)

O P. brnl[f nis cdllubr artigen
A P. braslinsis nwtabolc antigen
* H. capsLdatin metaboic antigen
o A. fumloatus netaboic antigen
A C. aicans metaboic antigen

105 1;4 103 1;2 10 1 ANTIGEN DILUTIONS IN NORMAL HUMAN SERA
0.0036 0.036 0.36 3.6 36 360 CONCENTRATION OF PROTEINS (pg)

FIG. 2. Reactivity of polyclonal anti-P. brasiliensis yeastlike form antibody (IgG) with increasing concentrations of fungal antigens.

to produce three precipitin bands with metabolic antigen, we
observed two bands of precipitation common to metabolic
and cellular antigens, which were identified as precipitins 1
and 2 (14). As expected, the binding capacity of polyclonal
IgG was higher for cellular antigen (limit of sensitivity, 3.6
ng) than for metabolic P. brasiliensis antigen (limit of sensi-
tivity, 360 ng). No cross-reaction was observed between P.
brasiliensis and other fungal antigens except when H. cap-
sulatum was tested undiluted (360 rLg).
Comparison of the abilities of IRMA and DID to detect P.

brasiliensis antigens. Serial dilutions of the cellular and
metabolic antigen preparations were tested by both IRMA
and DID. The IRMA was capable of detecting 3.6 ng (0.12
p.gIml) of cellular P. brasiliensis antigen and 360 ng (12
[Lg/ml) of metabolic antigen (Fig. 2), in contrast to DID for
which the limit of resolution was 12 p.g (1.2 mg/ml) for both
P. brasiliensis antigens.

Although variations in counts per minute between dif-
ferent tests were observed, data concerning the prevalence
of positive results and sensitivity were reproducible through-
out the 11 assays performed.

DISCUSSION
Because other fungal antigens have been shown to present

enzymatic activity (18, 19) that could interfere with the
enzyme-substrate reaction in the immunoenzymatic assay,
we developed an IRMA for the detection of P. brasiliensis
antigens.
The IRMA described here was shown to be feasible and

very sensitive. It allows the estimation of the circulating
antigen concentration in human sera by plotting the values
obtained against a titration curve of the reference antigen.
By using the IgG fraction of a rabbit antiserum in this assay,
it was possible to detect 0.12 p.g/ml of cellular antigen and
1.2 pg/ml of metabolic antigen. This is in contrast to the
sensitivity of DID that could detect either somatic or meta-
bolic antigen only at concentrations higher than 1.2 mg/ml.
The yeast cell extract antigen was chosen in preference to
the yeast culture concentrated filtrate for antiserum produc-

tion because (i) the former is free of culture medium, and
consequently, an additional stage of purification is not
needed, (ii) results obtained with the latter are not always
reproducible (1, 12), and (iii) it has already been reported
that cytoplasmic antigenic preparations do not present, as do
metabolic antigen preparations, the precipitin 3 that cross-
reacts with the histoplasmin precipitin M (12). Indeed, our
yeast cell extract and metabolic antigens share only P.
brasiliensis-specific precipitins 1 and 2, as identified by its
location by DID (16). This fact can explain the high speci-
ficity found in our assay, using antibodies raised by immu-
nization with cellular antigens without impairing the ability
of the test in detecting metabolic as well as cellular antigens.
The positive criterion used was readings above the mean
level plus 2 standard deviations of controls in two tests.
Using this criterion, false-positive results could be expected
in this test only when 360 Fig of H. capsulatum antigen was
present, but in these cases, the average counts per minute
was always close to the borderline region of the reaction.
Thus, the assay is 100,000 times more sensitive for P.
brasiliensis than for H. capsulatum. Whether sera from
histoplasmosis patients have antigen concentrations so much
higher than sera from paracoccidioidomycosis patients has
still to be determined. However, if the levels of cross-
reacting circulating antigens are higher in histoplasmosis
patients, dilution of the tested sera to an antigenic concen-
tration of 36 p.g would avoid false-positive results due to
cross-reactivity between those antigens. Moreover, since
the plates can be stored at -20°C for at least 2 weeks after
coating and blocking, the results can be rapidly obtained (4-h
period), raising the possibility that this test becomes more
useful for diagnosis, particularly for the progressive clinical
forms, than the more time-consuming and less-sensitive DID
(7).

Recently, Mendes-Giannini et al. (13) identified by using
immunoblots a soluble glycoprotein in sera of paracoccidi-
oidomycosis patients. Our preliminary results show that
circulating antigens can be detected before treatment of
paracoccidioidomycosis patients with the juvenile (2 of 2
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patients) and chronic (3 of 3 patients) forms or even during
the course of therapy of the chronic form (7 of 16 patients) of
the infection (data not shown). The present data and the fact
that the detection of circulating antigens can represent the
best indicator of recent infection indicate the value of this
technique, together with clinical data, in establishing early
diagnosis and assessing disease activity.

Finally, we can foresee that the availability of antigenic
detection methods in paracoccidioidomycosis will allow the
study of relationships between P. brasiliensis circulating
antigens and host defense mechanisms during the disease (4,
9).
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