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Sporotrichosis is an important subcutaneous mycosis, with an increasing worldwide incidence. However, few
data are available regarding the immunological aspects of Sporothrix schenckii infection, particularly the
humoral responses to the fungus. In this study we measured immunoglobulin G (IgG), IgM, and IgA in sera
from 41 patients with sporotrichosis before antifungal treatment and from another 35 patients with sporotri-
chosis during itraconazole treatment by using a recently described S. schenckii exoantigen enzyme-linked
immunosorbent assay (ELISA). More than 95% of patients had detectable IgA antibodies, and more than 85%
had IgM and IgG antibodies before treatment. The number of patients with IgG antibodies increased to 91%
during treatment. Conversely, significantly fewer samples from treated patients were positive for IgM (71%)
and IgA (89%). Overall, 78% of patients had detectable levels of all isotypes tested at diagnosis, and this
percentage dropped to 62.9% in patients receiving itraconazole. Testing of all three isotypes improved the
sensitivity; at least two isotypes were detected in 93% of patients before and 89% after treatment. The reactivity
of 94 sera from patients with other diseases and healthy individuals was also tested. Cross-reactivity occurred
in 33% of the heterologous sera. Most of them were positive only in one isotype, 8.5% were positive for at least
two isotypes, and only one serum (1.1%) was positive for the three isotypes. Antibodies produced during S.
schenckii infection are diverse, and we demonstrate that an exoantigen ELISA for the detection of combinations
of IgA, IgG, and IgM antibodies is a highly sensitive and specific diagnostic assay for sporotrichosis.

The host response to infection is the culmination of intricate
interactions between a microbe and the host’s innate and adap-
tive immune system. In this context, whereas substantial infor-
mation is available about the cellular immune response against
endemic fungi, the role of antibody in these mycoses is rela-
tively poorly understood (37). Some mechanisms by which
antibodies can protect the host against fungal infections in-
clude the agglutination of fungal cells, interference with fungal
attachment, enhancement of phagocytosis by host effector
cells, neutralization of immunoregulatory molecules, and com-
plement activation (13). In addition, antibodies are generated
that do not confer protection or even enhance disease (13, 14,
40). Antibody isotypes and their role in the humoral immune
response of patients have been studied in several types of
mycosis (5, 11, 20, 24, 46, 50). For instance, in paracoccidioido-
mycosis, there is a differential expression of isotypes to the
major Paracoccidioides brasiliensis antigen, a 43-kDa glycopro-
tein. Immunoglobulin G (IgG) is found predominantly in pa-
tients with the juvenile form of the disease, and IgA is found in
patients with the adult form, which has been associated with
mucosal protection in the adult form (5). In chromoblasto-

mycosis, high levels of IgM are observed during the course of
the disease, presumably due to constant antigen stimulation by
continuous low background fungal degradation (20).

Sporotrichosis is a chronic granulomatous disease caused by
Sporothrix schenckii, a saprophytic dimorphic fungus found on
dead or senescent vegetation, such as thorns, hay, straw, sphag-
num moss, and wood, and also in soil. For this reason, this
subcutaneous mycosis is usually associated with puncture inju-
ries in farmers, florists, leisure gardeners, nursery workers,
landscapers, and greenhouse workers. S. schenckii exists as a
mycelial form in the environment and as a yeast form in hu-
mans and other mammals, as well as when cultured at 35 to
37°C (34). No sexual stage has been observed, but the sexual or
perfect stage of S. schenckii is thought to belong to the genus
Ophiostoma (31).

Disease caused by S. schenckii is usually limited to cutaneous
and subcutaneous tissues as a consequence of a traumatic
implantation of the fungus into the skin (31, 34). Clinically, it
may manifest as lymphocutaneous, fixed cutaneous, dissemi-
nated cutaneous, extracutaneous, and disseminated forms and
very rarely as a primary pulmonary disease (4). The most
common form of extracutaneous sporotrichosis is osteoarthri-
tis (32). Disseminated sporotrichosis is rare, but the frequency
of disseminated sporotrichosis is increased in human immuno-
deficiency virus (HIV)-infected individuals (26, 45).

The humoral immune response appears to have a role in
prevention and control of sporotrichosis in experimentally in-
fected mice (36); however, there is no information available
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about the antibody profile produced during human infection.
Recently, our group described an enzyme-linked immunosor-
bent assay (ELISA) that is useful for detecting antibodies
raised against mycelial exoantigens of S. schenckii (3). An
outbreak of sporotrichosis has been occurring in Rio de Ja-
neiro, Brazil, since 1998 (8). Sera from patients in this region
have been collected either before treatment or during treat-
ment with itraconazole. In this report, we describe the pres-
ence of IgG, IgM, and IgA antibodies to S. schenckii mycelial
exoantigens in sera from patients with sporotrichosis and their
application in the serodiagnosis of this mycotic infection.

MATERIALS AND METHODS

Study populations. Sera from two groups of sporotrichosis patients cared for
in the Instituto de Pesquisa Clı́nica Evandro Chagas (IPEC), Fiocruz, Brazil,
were subjected to the exoantigen ELISA. The first group consisted of individuals
from whom serum was collected prior to antifungal therapy (41 patients, 15 male
and 26 female), and the patients had different clinical forms of sporotrichosis
(8 fixed cutaneous, 11 lymphocutaneous, 17 disseminated cutaneous, and 5 ex-
tracutaneous). The second group consisted of 35 different patients (7 male and
28 female) whose sera were collected while they were receiving itraconazole for
diagnosed sporotrichosis (12 fixed cutaneous, 16 lymphocutaneous, 5 dissemi-
nated cutaneous, and 2 extracutaneous). The duration of treatment of these
patients ranged from 2 weeks to 13 months. The patients in both groups had
sporotrichosis diagnosed based on isolation of S. schenckii in culture. Impor-
tantly, no immunological abnormalities, including HIV infection, were found in
any of the patients. For cross-reactivity assays, serum samples from 68 patients
with other culture-proven infectious diseases (13 with histoplasmosis, 12 with
tuberculosis, 18 with leishmaniasis, 4 with aspergillosis, 9 with cryptococcosis,
and 12 with paracoccidioidomycosis) collected before antifungal therapy and
sera from 26 healthy blood donors (negative for antibodies to HIV, hepatitis B
virus, Treponema pallidum, and Trypanosoma cruzi) were tested by the S.
schenckii ELISA. None of the 170 subjects had received a sporotrichin skin test.
The control samples were chosen randomly and were obtained from the Immu-
nodiagnostic Section Serum Bank, Mycology Branch, IPEC.

S. schenckii strain and antigen production. S. schenckii 23508, originally iso-
lated from a dwelling of a patient with sporotrichosis, was used in the present
study. This isolate was identified by biochemical testing, typical colony morphol-
ogy, and microscopic appearance of growth on culture medium at 25 and 37°C
(19). This strain is available in the culture collection from the Mycology Branch,
IPEC–Fiocruz. The exoantigen used in the ELISA was prepared from the
mycelial form of this strain according to the method of Mendoza et al. (33). In
brief, Sabouraud dextrose broth (Difco Laboratories, Detroit, MI) was inocu-
lated with S. schenckii mycelial phase and incubated at 28°C with shaking at 100
rpm for 14 days. Subsequently, culture supernatants were filtered through a
0.45-�m-pore-size mixed cellulose acetate membrane (Millipore Corp. Billerica,
MA), concentrated 10-fold by pervaporation, and dialyzed for 3 days against
distilled water at 4°C. Thimerosal (1:5,000) was added as a preservative. The
antigen mixture was stored at 4°C until use.

ELISA. Indirect ELISA was performed as described previously (3), with slight
modifications to detect IgG, IgM, and IgA class antibodies against S. schenckii.
Antigen was added (40 ng of protein in 100 �l of carbonate buffer [63 mM; pH
9.6] per well) to 96-well microtiter plates (Corning, Inc., Costar polystyrene
EIA/RIA plates), followed by incubation for 90 min at 37°C and then overnight
at 4°C. This concentration of S. schenckii protein was determined by checker-
board titration of twofold dilutions of antigen and high-titer human serum. Plates
were washed three times with washing buffer (10 mM Tris-buffered saline [TBS],
0.1% Tween 20 [pH 7.3]) and blocked with Superblock blocking buffer in TBS
(Pierce Biotechnology, Inc., Rockford, IL) according to the manufacturer’s in-
structions. The plates were then washed three times with washing buffer, and
serum samples were added in duplicate to wells at 1:4,000, 1:1,000, and 1:800
dilutions for IgG, IgM, and IgA detection, respectively, in incubation buffer (10
mM TBS, 0.1% Tween 20, 5% nonfat skimmed milk powder [pH 7.3]), followed
by incubation at 37°C for 1 h. After three washes, the plates were incubated at
37°C for 1 h with goat anti-human IgG, IgM, or IgA alkaline phosphatase
conjugate (Southern Biotech, Birmingham, AL) diluted 1:2,000 in incubation
buffer at a final volume of 100 �l per well. Plates were washed three times, and
then the enzymatic reaction was developed with the addition of 100 �l per well
of 1.0 mg of p-nitrophenyl phosphate/ml in 0.1 M glycine buffer containing 1 mM
MgCl2 and 1 mM ZnCl2 (pH 10.4) at 37°C for 30 min. The reaction was stopped

by the addition of 25 �l of 3 M NaOH per well. Absorbances were measured on
a microplate reader (Bio-Tek model �Quant) at 405 nm. This experiment was
done twice on different dates under uniform laboratory conditions to avoid
internal variations in order to ascertain the reproducibility of the assay. For each
experiment two controls were made: secondary antibody alone to ensure that the
reagent was not interacting with the antigen in the plate and a blank control to
which no antigen, serum or conjugate was applied. The absorbance value re-
ported for each patient was the mean of the values for each well where the
patient’s serum was applied.

Cutoff determination. In order to choose the best cutoff value that gives high
values of sensitivity and specificity, TG-ROC curves were constructed as previ-
ously described (23). The cutoff point was determined by the optical density
(OD) value that corresponds to the intersection point between sensitivity and
specificity plots. In order to determine sensitivities of the tests and the cutoff
values, only sera from patients without treatment were used, since antifungal
therapy can alter the humoral immune response in mycotic infections (20, 49).

Statistical analyses. Comparisons of means were made by using the Student
nonpaired t test using the GraphPad Prism 3.0 software. Analysis of correlations
was made by analysis of variance using SigmaPlot 2000 software. A P value of
�0.05 was considered statistically significant. To evaluate the discriminatory
power of the described assays as diagnostic tests, we performed receiver oper-
ating characteristics (ROC) analysis of each ELISA using SPSS 14.0, in which
sensitivity and specificity were calculated as a function of the cutoff value. For
this, (1 � specificity) was plotted against sensitivity, and the area under the curve
was calculated.

RESULTS

TG-ROC curves and cutoff determination. The TG-ROC
curves for the IgG, IgM, and IgA ELISAs were determined.
The analysis of this curve showed cutoff values of 0.418, 0.284,
and 0.223 for IgG, IgM, and IgA antibody detection, respec-
tively.

Antibody detection in sera from patients with sporotricho-
sis. Fig. 1A shows the OD values for IgG in each unique serum
from patients with different clinical forms of sporotrichosis. All
sera from patients with the fixed cutaneous form of the disease
were positive. Two patients with the lymphocutaneous form
(18%), 3 patients with the disseminated cutaneous form (18%),
and one patient with extracutaneous sporotrichosis (20%) were
negative. No statistical differences were observed between the
mean OD values of the different clinical forms. Figure 1B shows
OD values for IgG in sera from patients with sporotrichosis re-
ceiving itraconazole. There were three patient serum samples that
were negative by the IgG ELISA: one with the fixed cutaneous
form of sporotrichosis (8%), one with lymphocutaneous sporotri-
chosis (6%) and one with the disseminated cutaneous disease
(20%). The durations of the treatments for these patients were
10, 11, and 4 months, respectively.

Figure 1C shows the absorbance values for IgM reactivity in
sera from patients with sporotrichosis before antifungal ther-
apy. All of the patients with the fixed cutaneous form of the
disease were positive. In contrast, six patients had negative
results: one with lymphocutaneous disease (9%), four with the
disseminated cutaneous form (24%), and one with extracuta-
neous disease (20%). No statistical difference was observed
between the mean OD values in the IgM detection against
mycelial S. schenckii antigens. The profile of IgM response in
sera from patients receiving itraconazole is shown in Fig. 1D,
where 10 patients (3 with the fixed cutaneous form and 7 with
the lymphocutaneous form [25 and 44%, respectively]) were
found to be negative by the ELISA.

The IgA reactivity profiles of patients with sporotrichosis
before and during treatment are shown in Fig. 1E and F,
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FIG. 1. Antibody levels in patients with several clinical forms of sporotrichosis against mycelial phase S. schenckii exoantigens. IgG (A and B),
IgM (C and D), and IgA (E and F) ELISA results in patients with sporotrichosis who were not yet treated (A, C, and E) and in those receiving
itraconazole (B, D, and F) are shown. Dashed lines indicate cutoff values for each single ELISA. FC, fixed cutaneous sporotrichosis; LC,
lymphocutaneous sporotrichosis; DC, disseminated cutaneous sporotrichosis; EC, extracutaneous sporotrichosis.
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respectively. Two patients were negative when tested before
antifungal therapy: one with disseminated cutaneous disease
and the other with the extracutaneous form. These two pa-
tients were also negative for IgG and IgM antibodies. As de-
scribed above, no immune defects were identified in these
patients. Four patients on itraconazole—one with fixed cuta-
neous disease (8%) and three with lymphocutaneous sporotri-
chosis (19%)—were determined to be negative by the ELISA.
No statistical differences in absorbance were seen between the
different clinical forms.

Analysis of antifungal therapy on antibody profile. The 35
patients with sporotrichosis receiving itraconazole produced
antibody at sufficient levels to be detected by at least one of the
isotype ELISAs. Twenty-two (62.9%) were positive for IgG,
IgM, and IgA, nine (25.7%) had two detectable isotypes, and
four (11.4%) had one positive isotype. Figure 2 compares the
OD values of sporotrichosis patients before and during anti-
fungal therapy. There were significant differences (P � 0.001)
between the mean ODs of IgM and IgA responses between
patients not yet treated (0.79 � 0.09 and 0.926 � 0.102, re-
spectively) and those receiving itraconazole (0.42 � 0.04 and
0.47 � 0.04, respectively). Although there was a decrease in the
OD mean for IgG antibody detection between the two groups
(1.28 � 0.13 prior to treatment and 0.95 � 0.10 on itracon-
azole), this difference was not statistically different. Analysis of
antifungal therapy on antibody isotype responses in each of the
clinical forms of sporotrichosis studied is shown in Table 1.
Significant decreases in IgM and IgA levels were observed for
the fixed cutaneous and lymphocutaneous forms of sporotri-
chosis between the patients prior to treatment compared to
those on therapy. No statistical differences were observed in
the clinical forms by IgG antibody levels or for IgM and IgA
responses in disseminated cutaneous and extracutaneous spo-
rotrichosis. In order to assess the relationship between length
of antifungal therapy and antibody levels, we studied the cor-
relation between these two variables (Fig. 3). A general de-
crease in levels during treatment time could be observed with
each isotype, but the correlation was only significant for IgG
and IgM, with P values of 0.004, 0.0160, and 0.074 for IgG,
IgM, and IgA, respectively.

Cross-reactions. Cross-reactions between IgG, IgM, and
IgA antibodies present in sera from patients with other infec-
tious diseases and in sera from normal subjects are shown in
Fig. 4. There were more cross-reactions with the mycelial-
phase S. schenckii exoantigens with IgM than the other iso-
types. A total of 21 sera (22% of total heterologous sera) had

detectable IgM in our assay. Of these, 2 were collected from
patients with histoplasmosis (2 of 13 [15%]), 3 were from
patients with tuberculosis (3 of 12 [25%]), 9 were from patients
with leishmaniasis (9 of 18 [50%]), 1 was from a patient with
aspergillosis (1 of 4 [25%]), 1 was from a patient with para-
coccidioidomycosis (1 of 12 [8%]), and 5 were from normal
subjects (5 of 26 [19%]). None of the tested patients infected
with Cryptococcus neoformans had positive IgM or IgG tests.
Cross-reactions were observed in 11 heterologous sera tested
for IgG response against S. schenckii exoantigens. These pos-
itive reactions were observed in three sera from patients with
histoplasmosis (3 of 13 [23%]), 2 were from patients with
tuberculosis (2 of 12 [17%]), 3 were from patients with leish-
maniasis (3 of 18 [17%]), 1 was from a patient with aspergil-
losis (1 of 4 [25%]), another was from a patient with paracoc-
cidioidomycosis (1 of 12 [8%]), and one was a normal subject
(1 of 26, 4%). IgA was the isotype with the least cross-reac-
tions, which occurred in 8 sera from individuals with histoplas-
mosis (3 of 13 sera [23%]), leishmaniasis (2 of 18 sera [11%]),
paracoccidioidomycosis (2 of 12 sera [17%]), and cryptococco-
sis (1 of 9 sera [11%]). Despite these cross-reactive test results
for IgA, the mean OD value for each disease studied and for
the normal subject group was statistically lower than the mean
OD from patients with sporotrichosis before antifungal ther-

FIG. 2. Comparison between IgG (A), IgM (B), and IgA (C) antibody levels in patients with sporotrichosis in the group not yet treated and
in the group receiving itraconazole. *, P � 0.05.

TABLE 1. ELISA results of IgG, IgM, and IgA responses against
mycelial-phase S. schenckii exoantigens in patients with different

clinical forms of sporotrichosis

Antibody
isotype

Clinical
forma

Absorbance (mean � SD)
Pb

Before treatment During treatment

IgG FC 1.212 � 0.2839 0.9828 � 0.1647 0.4645
LC 1.112 � 0.2255 0.7996 � 0.1269 0.2071
DC 1.416 � 0.2193 0.9376 � 0.2080 0.2739
EC 1.319 � 0.3780 2.015 � 1.001 0.4375

IgM FC 0.9507 � 0.2087 0.3742 � 0.05177 0.0049
LC 0.8296 � 0.1639 0.3317 � 0.03616 0.0017
DC 0.7190 � 0.1469 0.6656 � 0.1345 0.8529
EC 0.7243 � 0.1560 0.8685 � 0.4750 0.7071

IgA FC 1.327 � 0.2516 0.5356 � 0.08671 0.0028
LC 0.7783 � 0.1305 0.3933 � 0.04230 0.0034
DC 0.8770 � 0.1853 0.4459 � 0.1165 0.2358
EC 0.7769 � 0.1836 0.6885 � 0.06200 0.7863

a FC, fixed cutaneous; LC, lymphocutaneous; DC, disseminated cutaneous;
EC, extracutaneous.

b The P value was calculated by using the unpaired Student t test.
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apy. All sera from normal subjects and patients with tubercu-
losis or aspergillosis were determined to be negative by the IgA
assay.

Comparison between ELISA tests. In order to compare the
three immunoassays described, ROC curves were constructed
by using the OD values of patients without treatment and the
area under each curve was compared. Table 2 reveals that the
area under the curve results were IgA � IgG � IgM. Accord-
ing to Greiner et al. (22), the values obtained for the areas
under the curves shown in Table 2 classify the IgG and IgA
ELISAs as highly accurate tests and the IgM ELISA as a
moderately accurate test for the serodiagnosis of sporotricho-
sis. In addition, we also compared absorbance readings with
the three ELISAs as a measure of specific antibody titers for
each patient with sporotrichosis without treatment to test for
correlation between the levels of different isotypes (Fig. 5). We
found positive correlations for all comparisons (IgG and IgM,
r � 0.53; IgG and IgA, r � 0.67; IgM and IgA, r � 0.59), and
analysis of variance showed a positive correlation in each in-
stance (P � 0.05 for all analyses).

Application of specific IgG, IgM, and IgA detection in the
serodiagnosis of sporotrichosis. Table 3 shows the parameters
obtained for each single ELISA. As suggested by the ROC
curve analysis, the best results were obtained for IgA isotype
detection, with a sensitivity of 95.1%, a specificity of 91.5%,
and an efficiency of 92.6%. In order to check whether the
combination of results from two or three assays could improve
diagnosis, we repeated the analysis considering as “positive” a
serum sample with positive results in two specific isotypes, in
all three isotypes tested, and in at least two isotypes. The
results of this analysis are shown in Table 4. We observed a
general increase in specificity in all cases due to the fact that

FIG. 3. Correlation between time of treatment and levels of IgG (A), IgM (B), and IgA (C) in sera from patients with sporotrichosis. Dashed
lines indicate the 95% confidence interval for the linear regression (continuous line) of values.

FIG. 4. Cross-reactions observed in IgG (A), IgM (B), and IgA
(C) ELISAs using mycelial-phase S. schenckii exoantigens. Cross-re-
actions were studied in 94 sera from patients with histoplasmosis
(Histo), tuberculosis (TB), leishmaniasis (Leish), aspergillosis (Asp),
paracoccidioidomycosis (PCM), and cryptococcosis (Crypto) and with
sera from normal human subjects (NHS). Dashed lines indicate the
cutoff values for each ELISA. Samples above the cutoff were consid-
ered positive.

TABLE 2. Area under ROC curves for IgG, IgM, and IgA
antibody detection in sporotrichosis

Antibody
class Area SE

Asymptotic 95%
confidence interval

Lower bound Upper bound

IgG 0.936 0.023 0.890 0.982
IgM 0.856 0.042 0.774 0.939
IgA 0.957 0.022 0.913 1.001
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heterologous sera typically cross-reacted in only one of the S.
schenckii exoantigen ELISA (23 of 31 cross-reactive sera
[74.2%]). When a serum sample was categorized as “positive”
upon reactivity against the S. schenckii mycelial exoantigens in
two or three isotype ELISAs, the combined assay achieved
92.7% sensitivity and 91.5% specificity, with an efficiency of
91.9%.

DISCUSSION

Sporotrichosis is a cosmopolitan disease and is considered
the most prevalent subcutaneous mycosis in Latin America
(18). The gold standard method for the diagnosis of sporotri-
chosis is culture, but the time necessary for fungal growth and
identification can be up to 3 weeks. In addition, in cases of
extracutaneous disease, collection of clinical specimens may be
difficult, requiring invasive procedures. Obtaining clinical spec-
imens is also not possible in cases of spontaneous regression of
lesions. As a consequence, the establishment of serological
methods for diagnosis and follow-up of therapy in sporotricho-
sis is urgently needed.

Historically, antibody response against S. schenckii antigens
has been detected by using agglutination or immunoprecipita-
tion assays (2, 10, 15, 28, 29, 33, 47); these assays do not allow
differentiation among different antibody isotypes in the hu-
moral immune response against this dimorphic fungus. More
recently, ELISA-based tests have been used to study antibod-
ies produced in sporotrichosis (9, 39, 43). In contrast to the
present study, prior investigations only assayed for IgG isotype
responses. However, antibodies of different isotypes can par-
ticipate in the defense of a host against pathogenic fungi (17,
38, 41). Although murine data suggest that there are differ-
ences in isotype responses to sporotrichosis (36), there is no
detailed information about humoral immune response in hu-
man disease. As with many microorganisms, not all individuals
in areas of endemicity exposed to the fungus will develop
disease, but they may develop a specific humoral response (5,
21). Because of the lack of knowledge about antibodies pro-
duced in sporotrichosis we decided to study IgG, IgM, and IgA
responses in the sera of patients with sporotrichosis against the
exoantigens produced by this fungus in its infective form.

The majority of our patients with sporotrichosis had anti-
bodies of IgG, IgM, and IgA classes against mycelial-phase
exoantigens of S. schenckii on presentation to our clinic, and
reactivity persisted during the treatment of the disease, with a
trend toward lower reactivity with increasing length of time on
therapy. To our knowledge, this is the first report of IgM and
IgA antibodies in human sporotrichosis. These two classes of
antibodies potentially have important roles in the pathogenesis
of the disease. It has been shown that S. schenckii can activate
complement by the alternate pathway and that classical acti-
vation cannot be excluded (44). IgM antibodies especially can
have a role in the activation of complement by the classical
pathway and have been shown to activate complement in sev-
eral mycotic diseases (30). Mucosal involvement can occur in

FIG. 5. Correlation between the antibody levels of different isotypes
in each patient with sporotrichosis. The OD values for one ELISA were
plotted versus the OD values of another ELISA to detect another isotype.
The linear regression line in the middle is bracketed by two dashed lines,
which indicate the 95% confidence interval. R2 values were calculated for
each comparison by using SigmaPlot 2000. (A) Comparison between IgG

and IgM levels; (B) comparison between IgG and IgA levels; (C)
comparison between IgM and IgA levels.
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sporotrichosis (7, 16, 25, 31, 42) and, in this context, IgA might
represent an important mechanism of defense. It is interesting
that IgM and IgA antibodies remain at detectable levels in the
majority of patients undergoing itraconazole treatment, al-
though the levels differ depending on the clinical form of the
patient. Patients with fixed cutaneous and lymphocutaneous
sporotrichosis had lower OD values while receiving itracon-
azole. However, no difference was seen in the mean OD values
of IgM and IgA in patients with disseminated cutaneous and
extracutaneous sporotrichosis, before and during therapy. This
could be due to a higher fungal burden in these patients,
leading to continuous antigen presentation and antibody pro-
duction, especially for IgM antibodies. Most S. schenckii anti-
gens are glycosylated (31), and the glycosidic moieties could
evoke an IgM response. Although the percentage of patients
with detectable levels of IgG antibodies increased in the group
of patients receiving itraconazole, their mean OD levels did
not show a significant decrease for any of the clinical forms
studied, which could be due to the long half-life of IgG anti-
bodies. However, this isotype, as well as IgM, appears to de-
crease in sera during treatment, and they can be used as a
marker to study the clinical efficacy of antifungal therapy. Since
disseminated cutaneous and extracutaneous sporotrichosis are
not common forms of the disease, we did not have a large
number of sera from such patients, especially during itracon-
azole therapy. Hence, it is important to study a larger number
of sera from patients with these clinical forms to validate our
hypothesis. In fact, we are now studying the antibody response
of patients from diagnosis through treatment to better validate
the use of these ELISAs in the follow-up of patients after
treatment with itraconazole and other drugs.

Cross-reactions between fungal antigens have been de-
scribed in several different studies (9, 12, 27, 28, 35, 49, 51), and
some of them show that S. schenckii cross-reacts against several
fungi and some bacteria (27, 28, 35, 48). We observed that 33%
of sera from individuals without sporotrichosis were positive by
at least one of our isotype ELISAs. Of the cross-reactive sera,
74.2% of them had only one positive antibody isotype, which

we postulate occurred because of similarities between fungal
or other microbial antigens instead of previous contact with S.
schenckii, since only 2.6% of seroreactive patients with sporo-
trichosis had only one positive isotype. Even during treatment,
patients with sporotrichosis typically were positive by at least
two antibody class ELISAs. However, for the other 25.8% of
individuals without sporotrichosis and with serological reactiv-
ity against S. schenckii exoantigens, especially one patient with
histoplasmosis that was positive in all three assays, the possi-
bility of previous contact with S. schenckii could not be dis-
carded, since our patients live in the metropolitan area of Rio
de Janeiro, a region where sporotrichosis is endemic (7, 31).

American tegumentary leishmaniasis is a vector-borne dis-
ease caused in Brazil mainly by Leishmania (Viannia) brazilien-
sis, an intracellular pathogen. This unique Leishmania species
can cause a spectrum of clinical presentation ranging from
self-healing or benign cutaneous lesions to more severe forms,
such as mucosal leishmaniasis. This disease had a higher level
of cross-reactivity with the S. schenckii antigens. Although
Leishmania-S. schenckii coinfection can occur (1), it is an un-
usual finding, since the routes of transmission for these two
diseases are distinct. Cross-reactivity is seen in patients with
sporotrichosis when subjected to the Montenegro skin test (6),
and our results show a broad cross-reaction range in patients
with leishmaniasis and S. schenckii exoantigens. For this rea-
son, it is necessary to study more specific antigens and/or iden-
tify specific epitopes on available antigens to improve the dif-
ferential serodiagnosis of these diseases that share some
clinical characteristics but that have distinct therapeutic con-
ducts.

Serodiagnosis of sporotrichosis by ELISA is a challenging
problem, especially in terms of specificity (9). The increasing
awareness of this disease, along with life-threatening disease
that may occur in immunocompromised patients (26) and di-
agnostic challenges, in particular with this latter group of pa-
tients, provides a strong rationale for pursuing improved meth-
ods of diagnosis. Our previous work on IgG detection in sera
from patients with sporotrichosis showed a higher sensitivity

TABLE 3. Serological parameters of ELISA tests to detect IgG, IgM, and IgA against S. schenckii exoantigens in the
serodiagnosis of sporotrichosisa

Immunoglobulin Sensitivity (%) Specificity (%) Efficiency (%) PPV (%) NPV (%)
Likelihood ratio

Positive Negative

IgG 85.4 87.2 87.4 76.1 93.3 7.2949 0.1657
IgM 85.4 77.7 80.0 62.5 92.4 3.8211 0.1884
IgA 95.1 91.5 92.6 83.0 97.7 11.1768 0.0533

a PPV, positive predictive value; NPV, negative predictive value.

TABLE 4. Combination of ELISA test results in the serodiagnosis of sporotrichosisa

Isotypes Sensitivity (%) Specificity (%) Efficiency (%) PPV (%) NPV (%)

IgG and IgM positive 78.0 95.7 90.4 88.9 90.9
IgG and IgA positive 85.4 97.9 94.1 94.6 93.9
IgM and IgA positive 85.4 95.7 92.6 89.7 93.8
At least two positive isotypesb 92.7 91.5 91.9 82.6 96.6
IgG, IgM, and IgA positive 78.0 98.9 92.6 97.0 91.2

a PPV, positive predictive value; NPV, negative predictive value.
b In this case, a positive sample was considered when the OD values for two isotypes were above the cutoff value, not regarding which isotype was positive.
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value than the one found in the present study. This difference
can be explained by some alterations such as different 96-well
microtiter plates and conjugate that we introduced in the
ELISAs described here in order to allow for IgM and IgA
detection. Another factor for the observed disparity can be the
different sera used in these studies. Since all sera were ran-
domly selected, some of our sera were collected in the very
beginning of the disease, potentially before the immune system
could effectively produce specific immunoglobulins. One ob-
servation that supports this thesis is that three patients with a
negative IgG serology had detectable levels of IgM antibodies.
However, ROC curves in both studies present similar areas
under the curve (higher than 0.9), indicating that the assays are
very accurate tests for sporotrichosis serodiagnosis. In the
present study, we noticed specificity values ranging from 77.7
to 91.5%, depending on which isotype was being detected.
However, when we combined the results from the three
ELISAs, an increase in specificity was observed, particularly
when we considered serum samples that had positive results in
at least two different isotypes to represent a positive test result.
This is significant, since no specific immunological test is com-
mercially available. In conclusion, we strongly suggest that in
the serodiagnosis of sporotrichosis that IgG, IgM, and IgA
isotypes have to be tested and a combination of results be
utilized in order to provide the most accurate result. Finally, it
is important to note that serodiagnosis tests in sporotrichosis
do not provide a definitive diagnosis; they are conjunctive tools
for the diagnosis of this infection. The results must be inter-
preted according to the clinical findings and the eco-epidemi-
ologic history of the patient.
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