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Paracoccidioidomycosis (PCM) is a systemic fungal disease that is particularly important among individuals
living and working in rural areas of endemicity in Latin America. Detection of anti-Paracoccidioides brasiliensis
antibodies is of limited value due to false-negative results. Detection of P. brasiliensis-gp43 circulating antigen
is a practical approach for a specific diagnosis of the disease. In a previous study we described an inhibition
enzyme-linked immunosorbent assay able to detect the 43-kDa P. brasiliensis antigen in sera of 100% of patients
with the acute form of PCM and in 95.31 and 100% of patients with the chronic multifocal and unifocal forms
of PCM. To investigate its potential application for the follow-up of PCM patients during treatment, antigen
levels were monitored at regular intervals for up 8 to 12 months in serum samples from 23 patients. The results
showed that treatment with itraconazole resulted in decreasing levels of circulating gp43 that were correlated
with the reduction of anti-gp43 antibodies. It was also observed that by the end of 12 months of treatment gp43
levels were <5 �g/ml in all patients.

Paracoccidioidomycosis (PCM) is a systemic granulomatous
disease caused by Paracoccidioides brasiliensis, a thermal di-
morphic fungus. It is the most prevalent systemic endemic
mycosis in many countries in Latin America. Most of the cases
have been reported in Brazil, Colombia, and Venezuela. Ex-
cept for Chile, Guyanas, Surinam, and some Caribbean islands,
the disease has been reported from Mexico to Argentina. Non-
autochthonous cases have been reported outside the area of
endemicity, but all of them had been previously infected in
Latin America. Outside the area of endemicity, PCM should
be regarded as a disease of travelers who have lived for ex-
tended periods of time in such areas. According to McEwen et
al. (20), ca. 10 million people may be infected with this fungus,
and up to 2% of them may develop the disease. The incidence
may increase due to forest destruction and a rise in iatrogenic
immunosuppression procedures (35).

The acute or subacute form of PCM affects both genders and
chiefly involves the reticuloendothelial system (RES). The
chronic form affects mainly adult males, with a predominance
of pulmonary and/or mucocutaneous involvement (11). The
definitive diagnosis of PCM is based on the visualization of
fungal elements in fresh preparations or by histopathology of
biological samples, as well as by culturing the fungi from the
lesions or from several types of body fluids.

Among the non-culture-based methods for the diagnosis of
the disease are several serological methods, including the de-
tection of specific antibodies or antigens. The detection of

specific antibodies in serum presents some limitations in terms
of sensitivity and specificity and may not be used as the single
laboratory criterion to establish a diagnosis of PCM. Unfortu-
nately, there is extensive antigenic cross-reactivity between P.
brasiliensis and other fungi, limiting the value of the tests cur-
rently being used. In view of the cross-reactivity and variations
among the isolates used as sources for antigens production, it
is advisable to use more than one test for the diagnosis of
PCM. The main PCM diagnostic antigen is the 43-kDa glyco-
protein (gp43) (5, 26) that is secreted exocellularly during the
infective yeast phase (5, 26, 32) and is recognized by virtually
all sera from PCM patients in various tests (2, 5, 23, 33, 34). In
routine practice, detection of specific antibodies is mainly used
to monitor the evolution of the disease and its response to
treatment (24). The most common serological tests used in
clinical practice are immunodiffusion (5, 7, 29), immunoenzy-
matic assays (4, 6, 23), and counterimmunoelectrophoresis (8).

There is no consensus about the optimal duration of anti-
fungal treatment for patients with PCM, but several publica-
tions have advocated that detection of circulating specific an-
tibodies is an important parameter to define the time to stop
antifungal treatment. However, PCM patients have a strong
specific antibody response against gp43 that may persist
throughout life. In contrast, some patients, depending on their
immune status, are serologically negative at the time of diag-
nosis, with others showing low levels of specific antibodies for
long periods of time. Consequently, sometimes it is very diffi-
cult to determine whether these patients are ever cured (11).

Due to these limitations of the antibody detection tests,
some researchers have evaluated the performance of assays for
the detection of circulating P. brasiliensis gp43 for the diagnosis
of PCM. In some invasive fungal diseases, such as aspergillosis,
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cryptococcosis, and histoplasmosis, the detection of circulating
antigens is a useful approach to immunodiagnosis (9, 10, 15,
19, 36) and, in some cases, may also help the clinician to
evaluate the clinical response to antifungal therapy. Some tests
have been used to detect gp43 circulating antigen with partial
success in PCM (12, 13, 14, 16, 17, 21, 22, 30). Recently, we
developed a P. brasiliensis-gp43 antigen detection test by using
a species-specific murine monoclonal antibody (MAb) in an
inhibition enzyme-linked immunosorbent assay (inh-ELISA)
system that showed high sensitivity and specificity (18).

We compare here consecutive serological parameters ob-
tained during a 12-month period of evaluation of 23 PCM pa-
tients successfully treated with itraconazole (ITZ) and include
an analysis of data generated by an inh-ELISA test to monitor
gp43 circulating levels and anti-gp43 antibody detection.

MATERIALS AND METHODS

Clinical samples. We obtained serum samples from a total of 23 patients with
active PCM documented by the visualization of characteristic fungal elements by
histopathologic and/or direct KOH examinations, isolation by culture, and/or
positive serological tests. One serum sample was taken from each patient at the
time of diagnosis, and sequential samples were taken during antifungal treatment
for 8 to 12 months (at least seven samples per patient). Samples were collected
between 2001 and 2002 at the Infectious Diseases Division, University Hospital,
Medical School, Federal University of Paraná, Curitiba, Paraná, Brazil. All
patients were males and presented with the chronic multifocal form of the
disease. The mean age was 47.3 years. Serum samples obtained at the time of
diagnosis from patients with other mycologically and/or serologically confirmed
mycoses were also evaluated (histoplasmosis [n � 33] and cryptococcosis [n �
20]). Sera (n � 57) from healthy volunteers (blood donors) were included as
negative controls.

Antimycotic treatment. PCM patients were treated with ITZ (Janssen) at 200
mg/day until clinical, radiological, mycological, and serological criteria of cure
were reached, such as cessation of all clinical signs and symptoms related to the
infection, significant improvement in the chest X-ray pattern of pulmonary le-
sions, absence of fungi in biological specimens, and negative serology or presence
of low titers of specific antibodies (immunodiffusion test).

Fungal isolate, exoantigen preparation, and gp43 purification. P. brasiliensis
B-339 (ATCC 200273) was obtained from the culture collection of the Disciplina
de Biologia Celular Da Universidade Federal de São Paulo. The isolate was
transformed to the yeast phase, and exoantigen was produced by the method of
Camargo et al. (5). Gp43 was purified from this exoantigen as described else-
where (27). Protein determination was performed by the Bradford method (3).

MAb anti-gp43. MAb was prepared by Puccia and Travassos (28) and kindly
provided by them for use in the present study.

inh-ELISA. An inh-ELISA test was developed for serum according to the
methods of Gómez et al. (14) and Marques da Silva et al. (30). The diluting
buffer used in the serum experiments consisted of a pool of normal human serum
(NHS) at 1:10 in phosphate-buffered saline–0.05% Tween 20 (PBS-Tween), 20
mM MgCl2, and 1% bovine serum albumin (Sigma Chemical Co., St. Louis,
Mo.). Purified MAb 17c anti-gp43 was used at 10 �g/ml, and all serum samples
were tested at 1:2 in diluting buffer.

Inhibition plate. An inhibition standard curve was constructed by adding
different concentrations of P. brasiliensis gp43 (from 1 ng to 30 �g/ml) to 100 �l
of pooled NHS and then adding 100 �l of the standardized concentration of
MAb 17c. NHS made up 1:2 in diluting buffer was used as a negative control. All
of the standards, samples, and controls were tested in triplicate. Samples were
plated onto 96-well flat microtiter plates (Corning Costar) previously blocked by
incubation with 200 �l of 5% bovine serum albumin per well made up in
PBS-Tween, for 2 h at 37°C. Plates were mixed in a shaker for 30 min at room
temperature and then incubated overnight at 4°C.

Reaction plate. Maxisorp polystyrene plates (Corning Costar) were coated
with 500 ng of gp43 in 0.06 M carbonate buffer (pH 9.6) per well (100 �l/well).
The plates were left at room temperature for 30 min and then incubated over-
night at 4°C. After incubation, the plates were washed three times in PBS-Tween
and blocked by incubation with 200 �l of 1% bovine serum albumin in PBS per
well for 1 h at 37°C; after three more washes, 100 �l from each well of the
inhibition plate (containing a mixture of the MAb-circulating complexes and free
MAb) was transferred to the respective wells in the reaction plate and allowed to

stand for 2 h at 37°C. After being washed as described above, 100 �l of goat
anti-mouse immunoglobulin G-peroxidase (Sigma) was added, and the plates
were incubated for 1 h at 37°C. After further washings, the reaction was devel-
oped with a solution of o-phenylenediamine (0.5 mg/ml; Sigma) and 0.005%
H2O2. The reaction was stopped with 4 N H2SO4 after 8 to 10 min of incubation
in the dark. Optical densities were measured at 490 nm with an ELISA reader
(Titertek Multiskan EIA reader). The optical density at 492 nm was then plotted
on a standard curve constructed from the data derived from MAb titration with
NHS containing known quantities of gp43 as described above. The degree of
inhibition in MAb binding was shown to be reciprocal to the concentration of
circulating antigen in the sample. The cutoff point was established as the receiver
operator characteristic (ROC) curve.

Immunodiffusion test. The immunodiffusion test was performed at the time of
diagnosis and monthly during the follow-up of the patients, according to the
methodology used in our previous study (5).

Statistical analysis. Data were analyzed statistically by Stata 7.0 (Windows
98/95/NT version), and specificity, sensitivity, and method efficiency were ana-
lyzed by using the ROC curve. Comparisons were made by one-way analysis of
variance. Intergroup comparisons were performed by using the Kruskal-Wallis
test.

RESULTS

Table 1 shows the characteristics of the 23 PCM patients
studied.

Detection of P. brasiliensis antigenemia during follow-up by
inh-ELISA. The standard inhibition curve constructed with
known quantities of P. brasiliensis gp43 was similar to that
obtained in our previous study (18). This curve was used to
determine the concentration of P. brasiliensis gp43 in each
sample tested at the time of diagnosis and during treatment.
The sensitivity of inh-ELISA ranged from 0.0053 to 30 �g of
antigen per ml of serum. The cutoff point was established by
the ROC curve, based on the antigen concentration of PCM
patients and normal human sera. Antigen concentrations
higher than 1.35 �g/ml were considered to be a positive result.

All of the 23 PCM serum samples had levels of circulating

TABLE 1. Characteristics of 23 PCM patients treated with ITZ

Patient no.
and sites of

lesionsa

Age
(yr)

No. of
samples
tested

Length of
follow-up

(mo)

Antigen level (�g/ml) at:

Diag-
nosis

First
follow-up

End of
treatment

1 (L, M, G) 67 8 11 10.5 8.25 0
2 (L, S, G) 40 7 9 12.75 4.36 0
3 (L, M, G) 51 7 9 7.12 2.85 0
4 (L, Of, G) 56 9 12 30.0 30.0 2.31
5 (L, S, M, G) 31 7 11 14.25 4.77 0
6 (L, M, G) 44 7 9 11.25 2.49 0
7 (L, G, Lx) 44 6 8 14.25 3.75 3.57
8 (L, M, G) 42 7 9 13.5 28.5 2.57
9 (L, M, G) 49 7 11 7.12 4.27 0
10 (L, M) 44 7 9 14.25 12.0 0
11 (L, M, G) 52 7 10 14.25 3.07 3.21
12 (L, M, G) 50 6 9 3.57 3.57 0
13 (L, M) 49 6 9 10.5 6.38 0
14 (L, M) 37 5 9 9.75 5.25 0
15 (L, M) 56 6 8 6.38 6.01 0
16 (L, M, G, Lx) 49 6 9 28.5 4.90 4.53
17 (L, M) 66 8 10 2.49 3.75 0
18 (L, M) 51 7 10 5.64 1.56 0
19 (L, Lx) 40 7 10 14.25 5.64 0
20 (L, M) 37 8 10 16.5 6.0 0
21 (L, CNS) 37 6 12 14.25 9.75 0
22 (L, M) 42 8 12 3.39 2.49 0
23 (L, M, G) 54 7 12 9.75 2.13 0

a L, lung; M, mucosa; G, ganglion; Lx, larynx; Of, oropharynx; S, skin; CNS,
central nervous system.
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gp43 antigen above the cutoff point at the time of diagnosis,
with a mean antigen concentration of 11.92 �g/ml (Fig. 1). In
the first period analyzed (30 days of antifungal treatment), the
mean antigen concentration dropped to 7.23 �g/ml, and de-
creasing concentrations were detected until the 12th month,
when the mean antigen concentration was 0.57 �g/ml. Figure 2
demonstrates the behavior of different patients in relation to
gp43 detection compared to anti-gp43 antibody titers during
the period of treatment. Sera from patients with histoplasmosis
or cryptococcosis and from normal donors showed no detect-
able antigens with this inh-ELISA methodology (data not
shown).

Figure 3 shows the correlation between the levels of anti-
genemia due to gp43 and anti-gp43 antibodies at the time of
diagnosis (Fig. 3A) and at the end of treatment (Fig. 3B). At
the time of diagnosis all patients showed detectable gp43 an-
tigen in sera and anti-gp43 antibodies (except for one patient
with negative immunodiffusion). At the end of therapy, only 5
(21.73%) patients had detectable gp43 antigen and positive
titers by the immunodiffusion test. After the period of antifun-
gal therapy (8 to 12 months), all PCM patients showed clinical
improvement, and antigen levels were �5 �g/ml.

Overall, there was a significant reduction in the levels of
circulating gp43 antigen in these patients by week 12 after the
initiation of therapy, and this reduction was maintained until
the end of the follow-up period. All patients improved clini-
cally and mycologically with azole therapy. The antibody titers
determined by immunodiffusion at the time of diagnosis were
variable (1:2 to 1:16), and in almost all patients the titers
decreased during treatment.

DISCUSSION

One of the main challenges in PCM is to establish when the
clinician should stop the antimycotic therapy because there is
no consensus about treatment options or about when the pa-
tient is really cured. Although healing of apparent lesions may
occur within a short time after treatment is initiated, long
therapeutic courses are desirable in order to prevent relapses.
In this case, the host response must be monitored by indirect

methods and, in this scenario, serology provides information
about prognosis.

The recent progress and refinement of serologic tests was
due in part to the standardization of the preparation of crude
or purified antigens, such as the reference Ag7 crude antigen
(5) or the gp43 purified antigen (26), making the methods for
antibody detection more sensitive and specific. For many years,
the follow-up of patients with PCM has been based on the
detection of antibody responses against P. brasiliensis crude or
purified antigens (4, 23, 24). Thus far, there is no consensus
among the different groups about the “gold standard” method
for the follow-up of PCM patients.

Recently, in our laboratory, Alves (1) compared three meth-
ods (immunodiffusion, ELISA, and capture-ELISA) in order
to verify which one was better for the follow-up of PCM pa-
tients. In that study, serum samples were tested during the
pretreatment period and after 6, 12, and 18 months of treat-
ment. Immunodiffusion and capture-ELISA showed a signifi-
cant decrease in titer after 6 months in good responder pa-
tients. ELISA detected decreasing titers only after 12 months
of therapy. None of the methods were able to predict relapse
of the disease prior to clinical observation, and increased titers
could be observed only later, after the onset of relapse. Even
with these limitations, that study indicated that the immuno-
diffusion test seemed to be best option for the follow-up of
PCM patients compared to the other two tests.

However, our experience with the follow-up of patients be-
ing treated for PCM has shown that many times the antibody
titers obtained by the immunodiffusion test do not correlate
with the clinical status of the patient. For example, in some
cases, elevated antibody titers (1:64) were observed until the
end of treatment when the patients were clinically cured. On
the other hand, although for most patients low antibody titers
are related to the absence of clinical symptoms (1:2 or 1:4), in
some cases low titers are present for months and in concert
with clinical symptoms. For these reasons, the use of serology
as a criterion of cure in PCM is controversial; instead, we
believe that clinical, radiological, mycological, and serological
aspects evaluated over a long period of observation must be
considered to establish the occurrence of cure.

For diagnostic purposes, tests based on immunodiffusion are
generally considered to have high specificity; however, false-
negative results may also occur. In a previous study we showed
that the lack of reactivity of sera from PCM patients in im-
munodiffusion tests may be related to the production of
low-avidity immunoglobulin G2 antibodies directed against
carbohydrate epitopes (25). The sensitivity of immunodiffu-
sion-based tests ranges from 65 to 100% (6, 23), depending on
the antigen preparation used. On the other hand, tests with
higher sensitivity, such as immunoenzymatic assays, present
problems associated with specificity due to cross-reactivity with
heterologous sera.

A more rational approach to the diagnosis of PCM may be
the detection of P. brasiliensis gp43 antigen in body fluids. gp43
is the dominant antigen and is considered to be a molecular
marker of the disease. Usually, almost all PCM sera reacted
with gp43 as detected by Western blotting; followed by the
70-kDa antigen, which is also recognized (2).

With respect to the detection of antigen during treatment,
Mendes-Giannini et al. (22), by means of Western blot assay

FIG. 1. Media of circulating antigen concentrations in sera from
patients with PCM at the time of diagnosis and during treatment.
Error bars indicate the standard deviations.
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FIG. 2. Serologic follow-up curves of 23 PCM patients during treatment. Left panels show gp43 antigen concentrations; right panels show
anti-gp43 antibody titers.
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and working with pool of PCM sera, observed that gp43 started
to disappear from the circulation after 10 months of chemo-
therapy and was undetectable after 2 years of treatment. No
quantitative measurements were made in individual sera. More
recently, the same group (31) determined the presence of P.
brasiliensis antigens in the urine of patients by an indirect
competition enzyme immunoassay (EIA-c) and an immuno-
blot test for monitoring the response to therapy. By means of
EIA-c, the presence of P. brasiliensis antigens could be de-
tected in 75% of the urine samples tested.

One of the main objectives here was to assess the behavior
of gp43 antigenemia during the treatment of PCM patients
with ITZ until the apparent cure at the end of therapy (i.e.,
after 8 to 12 months).

PCM is a chronic fungal infection that chiefly involves the
RES, as well as the lungs. The definition of cure or good
clinical response is sometimes difficult to establish considering
the low sensitivity of cultures, the lung sequels, and the limi-
tations related to the evaluation of the infectious status at the
RES. As a consequence, there is a consensus that nonculture
methods are useful tool to help the clinician to better evaluate
the therapy response.

In the present study we evaluated the antigen levels of 23
PCM patients that were successfully treated with ITZ. The
definition of a successful response to the treatment was based
on the resolution of all signs and symptoms related to the
infection, as well as improvement in the radiological findings
(data not shown). It is important to highlight that during the
12-month period of clinical follow up, no single patient had any
clinical or radiological evidence of relapse.

Although we were not able to evaluate the behavior of the
antigen levels during a relapse episode of the fungal infection,
clinical improvement of all patients was followed by a decrease
of the antigen levels to �5 �g/ml. This finding strongly suggests
that gp43 antigenemia may be a useful tool for monitoring the
therapeutic response to antifungal treatment.

In this study population, decreasing levels of P. brasiliensis
gp43 were detected in patients during ITZ therapy. Of the 23
patients studied, 2 had antigenemia of �5 �g/ml after 2

months of treatment, 15 patients had antigenemia of �5 �g/ml
after 3 months, and 5 patients had antigenemia of �5 �g/ml
after 6 months of treatment. Only patient 4 presented negative
levels of antigenemia at month 8. It was noted that, once
decreased, the levels of gp43 in serum remained low until the
end of therapy. On the other hand, in most cases, the antibody
titers seemed to decrease a little later than this, i.e., after about
6 months of therapy.

Some cases deserve particular attention. For example, pa-
tient 20 showed a decreased serum antigenemia after 8 months
of treatment, but his anti-gp43 antibody titers remained high
(1:16) and did not change throughout the period of treatment.
In contrast, patient 9 had undetectable antibodies (as deter-
mined by the immunodiffusion test) from the time of diagnosis
to month 11 of treatment but showed a substantial decrease in
antigenemia levels during treatment.

In conclusion, our results indicate that the detection and
quantitation of the immunodominant 43-kDa P. brasiliensis
antigen in sera by inh-ELISA is a sensitive method to be used
for monitoring patients with PCM under treatment. New stud-
ies evaluating PCM patients undergoing treatment with other
antifungal drugs are under way in order to confirm these data.
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