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An enzyme-linked immunosorbent assay (ELISA) was developed for specific antibody detection in serum
specimens of patients with sporotrichosis. The assay was made with mycelial-phase Sporothrix schenckii
exoantigens and was tested against 90 sera from patients with different clinical forms of sporotrichosis.
Potential cross-reactions were analyzed with 72 heterologous sera from patients with paracoccidioidomycosis,
cryptococcosis, aspergillosis, histoplasmosis, tuberculosis, and American tegumentary leishmaniasis, as well as
76 sera from healthy controls. We found a sensitivity of 97% and a specificity of 89% in this assay. Some
cross-reactions were seen, as observed in other immunoassays for the diagnosis of sporotrichosis. The ELISA
appears to be especially useful for cutaneous forms of disease, since these are not promptly diagnosed with
available immunoprecipitation or agglutination techniques. These results suggest that the ELISA using
mycelial-phase S. schenckii exoantigens is a very sensitive diagnostic tool for the serodiagnosis of sporotrichosis
and can be used in conjunction with conventional methods of diagnosis, particularly in cases where cross-
reactions or false-positive results are experienced with the serodiagnosis.

Sporotrichosis is a subcutaneous infection caused by the
dimorphic fungus Sporothrix schenckii that occasionally results
in disseminated disease. This disease has a worldwide distri-
bution, and infection is usually acquired by traumatic inocula-
tion of the fungus into the subcutaneous tissue (18, 23). S.
schenckii has been isolated from several environmental sources
(8, 11, 18, 29), and most sporotrichosis cases occur in profes-
sionals who work with thorny plants, such as farmers, garden-
ers, and forestry workers (8, 11). However, in a recent sporo-
trichosis outbreak in Rio de Janeiro, Brazil, transmission of the
disease occurred broadly in the populace through the scratches
or bites of S. schenckii-infected cats, along with a notable
increased incidence in veterinarians (4).

Definitive diagnosis of sporotrichosis relies either on direct
visualization of the organism in clinical specimens, which lacks
sensitivity, and/or the isolation of the source of the organism in
culture, which is time-consuming and, in some manifestations
of the disease, such as S. schenckii-induced arthritis, the col-
lection of material for culture is difficult (23). Although some
cases of sporotrichosis are benign, severe disease or unusual
presentations can occur in immunocompromised individuals
such as human immunodeficiency virus-infected patients and
patients with chronic granulomatous disease (3, 15). There-
fore, sporotrichosis may be mistaken for other infections, such

as tuberculosis, leishmaniasis, paracoccidioidomycosis, gum-
matous syphilis, and chromoblastomycosis (28, 31, 33). The
delay in the diagnosis of sporotrichosis can lead to fatality (3).

Detection of patients’ antibodies offers a more rapid alter-
native to the diagnosis than that afforded by histology or cul-
ture. At present, the detection of host antibodies to S. schenckii
is accomplished by immunoelectrophoresis and tube aggluti-
nation (1, 16). Although several new immunoassays have been
developed for the detection of antibodies in the serum samples
of patients with histoplasmosis (10, 26), paracoccidioidomyco-
sis (2, 21), chromoblastomycosis (9, 34), and candidiasis (17),
there is a paucity of effective immunoassays for the serodiag-
nosis of sporotrichosis. In addition, these immunoassays in-
volve laborious antigen production procedures (6, 30).

The mycelial phase of the fungus produces a number of
exoantigens in culture, especially those of 90 and 50 kDa,
which appear to be species specific. The optimum expression of
these principal antigenic components of S. schenckii occurs in
the stationary phase of cultures grown in Sabouraud dextrose
broth (22). Accordingly, we describe here the application of
mycelial S. schenckii exoantigens in an enzyme-linked immu-
nosorbent assay (ELISA) for the detection of antibody re-
sponses in patients with sporotrichosis.

MATERIALS AND METHODS

S. schenckii strain and antigen production. S. schenckii 23508 was used in the
present study. It was isolated from the dwelling of a patient with sporotrichosis.
This isolate was identified by biochemical testing, typical colony morphology, and
microscopic appearance of growth on culture medium at 25 and 37°C (8, 18, 28),
and this strain is available in the culture collection from the Mycology Branch of
Instituto de Pesquisa Clı́nica Evandro Chagas, Fiocruz, Brazil. This strain was
compared to other isolates and was demonstrated to be a prolific antigen pro-
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ducer, with an excellent response when probed with a rabbit hyperimmune
antiserum by Western blot analysis (R. Almeida-Paes, unpublished results). The
exoantigen used in the ELISA was prepared from the mycelial form of this strain
according to the method of Mendoza et al. (22). In brief, Sabouraud dextrose
broth (Difco Laboratories, Detroit, MI) was inoculated with S. schenckii mycelial
phase, followed by incubation at 28°C in a rotatory shaker 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), concen-
trated 10-fold by pervaporation, and dialyzed against distilled water at 4°C for 3
days. Thimerosal (1:5,000) was added as a preservative. The protein concentra-
tion was measured by a dye-binding assay with respect to an albumin standard,
and the protein profile was studied according to the method of Laemmli (19)
in a silver-stained sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(4% stacking gel and 7.5% resolving gel). The antigen mixture was stored at
4°C until use.

Serum samples. Ninety serum specimens obtained from different patients with
sporotrichosis (21 male and 69 female, 40.9 � 17.2 years [mean age � the
standard deviation]) were used in the present study. The sera were collected at
Fiocruz between March 2000 and December 2004 and stored at �20°C until use.
The diagnosis of sporotrichosis was based on the isolation of S. schenckii in
culture, and the disease manifestations were fixed cutaneous (n � 22, 24.4%),
lymphocutaneous (n � 49, 54.4%), disseminated cutaneous (n � 16, 17.8%),
extracutaneous (n � 2, 2.2% [one osteoarticular, one central nervous system]),
and disseminated (n � 1, 1.1%). All of the patients with sporotrichosis were
evaluated for evidence of underlying immunosuppression in our clinic, and none
of the patients were found to have immunological abnormalities. A total of 72
heterologous serum samples from patients with culture-proven diseases that can
mimic sporotrichosis were also examined, including paracoccidioidomycosis (n �
12), cryptococcosis (n � 10), aspergillosis (n � 5), histoplasmosis (n � 15),
tuberculosis (n � 12), and American tegumentary leishmaniasis (n � 18). Sera
from homologous and heterologous groups had been collected before the treat-
ment of their disease, and none of patients had received the sporotrichin skin
test. All of the clinical samples were chosen randomly and were obtained from
the Immunodiagnostic Section Serum Bank, Mycology Branch, IPEC, Fiocruz,
Brazil. In addition, 76 serum samples from blood donors—healthy individuals
previously tested for human immunodeficiency virus infection, syphilis, hepatitis
B, and Chagas’ disease and showing negative results—were included in the
present study as negative controls. All serum specimens were collected from
individuals living in the city of Rio de Janeiro, Brazil, a region where sporotri-
chosis is endemic (4).

ELISA. Indirect ELISA was performed as described previously (17), with
slight modifications to detect immunoglobulin G (IgG) class antibodies to 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 (Nunc-Immuno Starwell,
MaxiSorp Surface). This concentration of S. schenckii protein was determined by
checkerboard titration of twofold dilutions of antigen and high-titer human
serum. The plates were incubated for 90 min at 37°C and overnight at 4°C. Plates
were washed three times with washing buffer (10 mM phosphate-buffered saline
[PBS], 0.1% Tween 20 [pH 7.3]) and blocked with Superblock blocking buffer in
PBS (Pierce Biotechnology, Inc., Rockford, IL) according to the manufacturer’s
instructions. The plates were then washed three times with washing buffer, and
serum samples were added in duplicate to wells at a 1:4,000 dilution in incubation
buffer (10 mM PBS, 0.1% Tween 20, 5% nonfat skimmed milk powder [pH 7.3])
and then incubated at 37°C for 1 h. After three washes, plates were incubated at
37°C for 1 h with goat anti-human IgG-peroxidase conjugate Fc fragment specific
(Jackson Immunoresearch Laboratories, PA) diluted 1:32,000 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 0.4 mg of o-phenylenediamine dihydrochloride/ml and 0.04% hydrogen per-
oxide in 10 mM sodium citrate buffer (pH 5.5) at 37°C for 30 min. The reaction
was stopped by the addition of 50 �l of 3 M HCl per well. The absorbances were
measured on a microplate reader (Bio-Rad model 550) at 490 nm. This exper-
iment was done twice under uniform laboratory conditions to avoid internal
variations in order to ascertain the reproducibility of the assay. For each exper-
iment two controls were made: a control to ensure that the secondary antibody
was not interacting with the antigen in the plate and a blank control. These two
controls consisted of duplicate wells in which no serum was applied but antigen
was coated and secondary antibody was added, and additional duplicate wells in
which neither antigen, serum, nor conjugate was applied, respectively. The ab-
sorbance value for each serum was the mean of the values for each well to which
serum was applied. The cutoff point for serum reactivity to the S. schenckii
mycelial exoantigen was set as the mean plus three standard deviations of values

of the healthy control patients’ sera. Serum samples with absorbance values
above the cutoff were considered positive.

Statistical analyses. Analyses were performed by using SPSS 11.0 for Windows
software. Comparison between sporotrichosis patients, heterologous patients,
and control individuals was made by using the chi-square test. Comparisons of
means were made by using the Student unpaired t test. A P value of �0.01 was
considered statistically significant. In addition, we performed a receiver-operat-
ing-characteristic (ROC) analysis in which sensitivity and specificity were calcu-
lated as a function of the cutoff value. For this, “1 � the specificity” was plotted
against sensitivity, and the area under the curve was calculated.

RESULTS

Antigen analysis. The S. schenckii 23508 exoantigen con-
tained 280 ng of protein/�l as assayed by the Bradford method
(7). The characteristics of the exoantigen are shown in Fig. 1.
Silver-stained electrophoresis gel revealed the presence of five
protein bands of 90, 70, 63, 51, and 42 kDa, with the 50- and
63-kDa bands being most prominent.

Serological reactivity in the ELISA. The serological reactiv-
ity against the mycelial-phase exoantigen was investigated by
the described ELISA in the sera of patients with sporotrichosis
or other infections and with control serum samples from
healthy individuals. The cutoff point for the ELISA was estab-
lished as the mean absorbance plus three standard deviations
of the healthy controls. Accordingly, samples with absorbances
higher than 0.582 were considered positive (Fig. 2). With this
cutoff, none of control sera were positive. Table 1 summarizes
the results obtained with each serum group. Of 90 sporotri-
chosis patient sera, only three samples gave negative results.
Chi-square analysis of sera from individuals with sporotrichosis
and the negative controls showed a statistically significant dif-
ference between the antibody responses (�2 � 154.37, P �
0.0001). A total of 72 heterologous sera were also tested in the
ELISA, and 16 were found to be positive. Also, chi-square
analysis between the positive and negative heterologous sera
showed a statistically significant difference (�2 � 95.73, P �
0.0001), as did the analysis between sera from healthy controls
and heterologous sera (�2 � 18.94, P � 0.0001).

ROC analysis. Figure 3 shows the ROC curve for the ELISA
described in the present study. The area under the curve was

FIG. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
profile of the mycelial-phase S. schenckii 23508 exoantigens. MW, stan-
dard molecular mass; Ag, antigen. The molecular masses (in kDa) of the
five protein bands detected in the silver stain are indicated on the right.
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0.9767 � 0.0085, and the chosen cutoff (mean absorbances plus
three standard deviations of the healthy controls) achieved the
maximum efficacy of the test. The described ELISA had a 97%
sensitivity (95% confidence interval [95%CI] � 90.57 to 99.31),
a 89% specificity (95%CI � 83.04 to 93.69), a 92% global
efficiency (95%CI � 87.81 to 95.13), a 84% positive predictive
value (95%CI � 76 to 90.85), and a 98% negative predictive
value (95%CI � 93.64 to 99.54).

Serological evaluation of patients with different clinical
forms of sporotrichosis. A total of 90 sera from patients with
sporotrichosis were analyzed in this ELISA, and 3 of them
presented negative results: one from a patient with dissemi-
nated cutaneous disease, one with lymphocutaneous infection,
and the last patient had the extracutaneous form (infection in

the central nervous system) of sporotrichosis. All sera obtained
from patients with the fixed cutaneous forms of sporotrichosis
gave positive results. Figure 4 shows the absorbance values of
each single serum according to the clinical form of sporotri-

FIG. 2. Detection by ELISA of IgG responses to S. schenckii
exoantigens in sera from sporotrichosis patients, from patients with
other proven infectious diseases, and from healthy controls. The
dashed horizontal line shows the cutoff point. Sp, sporotrichosis; PCM,
paracoccidioidomycosis; Cr, cryptococcosis; Asp, aspergillosis; Hp, his-
toplasmosis; Tb, tuberculosis; Leish, leishmaniasis; NHS, normal
healthy sera (controls).

FIG. 3. ROC curve of the described ELISA. The area under the
curve is 0.9767 � 0.0085.

FIG. 4. IgG antibodies responses from patients with different clin-
ical forms of sporotrichosis by ELISA. The dashed horizontal line
shows the cutoff point. FC, fixed cutaneous sporotrichosis; LC, lym-
phocutaneous sporotrichosis; CD, cutaneous disseminated sporotri-
chosis; Dis, disseminated sporotrichosis; EC, extracutaneous sporotri-
chosis.

TABLE 1. ELISA results in IgG detection against
S. schenckii exoantigens

Patient group
(no. of patients)

No. of positive
patients (%)

Mean
absorbance � SD

Sporotrichosis (90) 87 (97) 1.824 � 0.681
Paracoccidioidomycosis (12) 4 (33) 0.440 � 0.267
Cryptococcosis (10) 0 (0) 0.230 � 0.153
Aspergillosis (5) 3 (60) 0.585 � 0.330
Histoplasmosis (15) 4 (27) 0.567 � 0.499
Tuberculosis (12) 2 (17) 0.441 � 0.421
Leishmaniasis (18) 3 (17) 0.353 � 0.283
Healthy individuals (76) 0 (0) 0.261 � 0.107
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chosis. Student unpaired t test analysis showed that there is no
statistically significant difference between the mean absor-
bances among distinct sporotrichosis clinical forms.

Cross-reaction analysis. In order to evaluate cross-reactions
in the assay, 72 heterologous sera from patients with selected
infectious diseases were used in the present study. A specificity
of 78% was obtained for the ELISA using the S. schenckii
mycelial exoantigens with the heterologous sera. Of the 16
false-positive results, 4 were from the sera of patients with
paracoccidioidomycosis, 4 were from patients with histoplas-
mosis, 3 were from patients with aspergillosis, 3 were from
patients with leishmaniasis, and 2 were from patients with
tuberculosis. Sera collected from 10 patients infected with
Cryptococcus neoformans were all negative (Table 1). Chi-
square analysis revealed statistical differences between the
number of positive and negative sera from the tested diseases
and sporotrichosis (�2 � 95.73; P � 0.0001).

The mean absorbances obtained from the sera from the 90
sporotrichosis cases compared to the 76 serum samples from
healthy individuals were statistically different as determined by
the Student unpaired t test (t � 22.69, P � 0.0001). Similarly,
the absorbance values from sera of patients with sporotrichosis
and heterologous sera were statistically different (t � 19.19, P �
0.0001), as were the values from the heterologous sera and sera
from healthy controls (t � 3.13, P � 0.002).

ELISA reproducibility. To ensure the reproducibility of the
described ELISA, the optical density values for each serum
obtained in two different assays were compared. The repro-
ducibility of the test is shown in Fig. 5. The correlation coef-
ficient (r2) was 0.9608, showing uniformity throughout the re-
sults for the ELISA described.

DISCUSSION

The detection of antibodies in the sera of sporotrichosis
patients by immunoelectrophoresis and agglutination tech-
niques has historically been very useful in the serodiagnosis of
this mycosis (1, 16). A limitation of these tests is their lack of

sensitivity in cutaneous sporotrichosis (1, 28). Immunoassays
are a very interesting potential solution for this problem be-
cause of their high sensitivity. Whereas there have been several
described immunoassays for detecting infections due to some
dimorphic fungi, such as histoplasmosis, paracoccidioidomyco-
sis, and penicilliosis (2, 10, 12, 21, 26), to our knowledge there
are only two publications of immunoassays for sporotrichosis
(6, 30). The recently published ELISA for sporotrichosis (6)
utilizes a single cell wall antigen, SsCBF, prepared by affinity
chromatography with concanavalin A that is purported to pro-
vide less batch-to-batch variation and resulted in 90% sensi-
tivity and 86% global efficiency. Importantly, our new ELISA
has a collection of antigens that are easily isolated, especially in
laboratories in areas with limited financial resources, and is
another alternative for the diagnosis of this life-threatening
disease.

The antigenic composition of S. schenckii is poorly under-
stood, and there are few described antigens, which complicates
the development of specific and sensitive immunoassays. Men-
doza et al. described the antigenic composition of mycelial-
phase S. schenckii exoantigens and showed that the protein
profile of exoantigens produced in Sabouraud dextrose broth
did not cross-react with a single serum specimen of coccidioi-
domycosis, histoplasmosis, and paracoccidioidomycosis (22).
The mycelial-phase S. schenckii exoantigens have also been
used in immunodiffusion and immunoelectrophoresis assays in
which there were no cross-reactions with chromoblastomycosis
and leishmaniasis sera (1). Therefore, we decided to standard-
ize and to evaluate the mycelial-phase exoantigens in an
ELISA format.

Our ELISA had a 97% sensitivity. All serum samples from
patients with different clinical forms of disease showed high
absorbance values, suggesting that this test could be broadly
applied for the serodiagnosis of sporotrichosis. The mean ab-
sorbances of the various cutaneous forms of sporotrichosis
were not statistically significantly different, which was also ob-
served by Bernardes-Engemann et al. (6). This is in contrast to
what occurs in chromoblastomycosis, another subcutaneous
mycosis, where patients with multiple lesions had higher titers
of specific IgG compared to patients with localized lesions (9).
Although humoral immune responses can participate in the
control and prevention of sporotrichosis (25), antibody titers to
S. schenckii antigens do not appear to be related to the severity
of the disease, since patients with a fixed cutaneous lesion have
absorbances similar to those of patients with multiple lesions.

Albornoz et al. found that when the mycelial-phase S.
schenckii exoantigens are used in immunoelectrophoresis, all
positive sera present an anodic arc, called the “S arc” (1). The
protein involved in the formation of this precipitation arc may
be responsible for the high sensitivity observed in our test
because we also used mycelial-phase S. schenckii exoantigens
in our ELISA. Since this antigen has not been purified and
characterized before now, more studies are necessary to verify
this hypothesis.

The measurement of assay performance by ROC analysis
indicated a statistically significant difference between the mean
absorbances observed in sporotrichosis sera and those
achieved in healthy controls and heterologous sera. However,
of mean absorbances heterologous sera were statistically dif-
ferent from those encountered in the healthy control group.

FIG. 5. Distribution and reproducibility of ELISA results in two
distinct experiments. Symbols: F, homologous sera; �, heterologous
sera; ■ , healthy control sera. The correlation coeficient (r2) between
these two experiments was 0.9608.
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The S. schenckii antigens are composed mainly of glycopro-
teins with a high degree of glycosylation, especially with man-
nosis, rhamnosis, and galactosis (32). Cross-reactivity in sero-
diagnostic assays for other mycoses has been attributed to such
glycosidic moieties (35, 36). S. schenckii cross-reactions have
been documented with several pathogenic fungi, such as Ex-
ophiala werneckii, Fonsecaea pedrosoi, Histoplasma capsulatum,
Coccidioides immitis, Aspergillus fumigatus, and Trichophyton
mentagrophytes because of glycosylated epitopes present in an-
tigens from these fungi (13). Cross-reactions between environ-
mental fungi (14, 27) and bacterial species, such as group B
streptococcus and Klebsiella pneumoniae (24, 32), have also been
described. Nonspecific recognition of glycosylated epitopes could
explain the cross-reactions observed in our ELISA (22%) and
also the differences between the heterologous and healthy control
sera. In addition, we could not exclude the possibility of previous
exposure to S. schenckii in our false-positive patients because all
sera used in the present study were collected in an area where
sporotrichosis is endemic (4).

In an ELISA using a crude antigen extract from P. brasil-
iensis, cross-reactions were observed with sera from patients
with other mycoses, such as histoplasmosis, lobomycosis, cryp-
tococcosis, candidiasis, and sporotrichosis (21). Cross-reactiv-
ity could be eliminated by absorbing the sera with H. capsula-
tum antigens before their use in the immunoassay (21). With
our S. schenckii ELISA, we also observed cross-reactions with
some infectious diseases, which similarly occurred in the re-
cently reported ELISA developed by Bernardes-Engemann et
al. utilizing the single cell wall antigen (6). In order to reduce
cross-reactions, an absorption method could be applied to sera
before sporotrichosis ELISA. Another strategy is the deglyco-
sylation of S. schenckii antigens, as is currently done in his-
toplasmosis immunoassays, which increases the specificity of
the assay (10, 26). Studies are currently being carried out in our
laboratory to verify whether this approach can be applied to S.
schenckii antigens.

Cutaneous sporotrichosis and American tegumentary leish-
maniasis share various clinical and epidemiological character-
istics, and some patients infected with S. schenckii report that
that the disease had first appeared as an insect bite, which can
lead to a misdiagnosis of the infection by clinicians, especially
those with limited laboratory conditions for a correct diagnosis
(20). A recent study has shown that up to 48% of sporotricho-
sis patients react to the Montenegro skin test, and 23% of them
are positive in an ELISA using Leishmania antigens (5). In our
ELISA, 17% of the sera from patients with leishmaniasis were
positive, showing that cross-reactions between S. schenckii and
Leishmania occurred. Although cross-reactions in our ELISA
were less common than in the Leishmania ELISA, it is neces-
sary to identify antigens that discriminate these two diseases,
since they have distinct treatments.

The use of this antigen in ELISA gave 97% sensitivity, 89%
specificity, and 92% efficiency, showing that this assay can be
used as a conjunctive tool for the diagnosis of sporotrichosis.
The mycelial exoantigen ELISA’s high negative predictive
value (98%) suggests that this immunoassay might serve as a
useful screen to eliminate sporotrichosis from the differential
diagnosis of dermatological lesions in an outbreak setting. No-
tably, our immunoassay was highly reproducible, which again
favors its application in the serodiagnosis of sporotrichosis.

Therefore, the mycelial exoantigen ELISA is an important tool
for the diagnosis of sporotrichosis, especially in its cutaneous
forms that occur in the majority of patients infected with S.
schenckii (18, 23, 28).
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