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We performed a serological study with sera from 92 patients with confirmed
sporotrichosis registered between 1999 and 2004 in two hospitals in Rio de Janeiro
State, Brazil. The clinical presentation of sporotrichosis was distributed as follows:
lymphocutaneous, 67%; fixed cutaneous, 23%; disseminated cutaneous, 8%; and
extracutaneous, 2%. Sera were assayed by ELISA against a cell wall antigen of
Sporothrix schenckii, SsCBF, that we have previously described. The cross-
reactivity was determined with 77 heterologous sera. The serological test showed
a sensitivity of 90% and a global efficiency of 86%. A group of 55 patients with
several clinical presentations of sporotrichosis was clinically and serologically
followed-up for at least 6 months. We observed by ELISA data a decrease in the
antibody serum titers which correlated with the progress in healing. An HIV-
positive patient with meningeal sporotrichosis was serologically followed-up for
over 2 years. Serum and cerebrospinal fluid specimens were examined and
significant antibodies levels against the antigen SsCBF were detected. Our results
strongly suggest that this serological test is valuable for the differential diagnosis
and follow-up of all clinical forms of sporotrichosis.
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Introduction

recently, sporotrichosis has been reported as an emer-

Sporotrichosis is a subacute or chronic infection caused
by the dimorphic fungus Sporothrix schenckii. The
disease is usually acquired by the traumatic inoculation
of fungal elements and has several clinical presenta-
tions; the most frequent being the lymphocutaneous
form [1-3]. Osteoarticular and visceral involvement
occurs mostly in patients who are immunocompro-
mised and who have underlying alcoholism [4—6]. More
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ging mycosis in HIV-positive individuals [6-9].
Although this mycosis has a worldwide distribution,
the climatic and geographical conditions such as those
existing in Brazil, India and Peru, favour the occur-
rence of this disease [10].

Sporotrichosis may be misdiagnosed (sporotrichoid
lesions) with other diseases [3,11] and some of the
currently available methods may not diagnose it
immediately, especially the disseminated forms [3,12].
The delay in diagnosis of the extracutaneous forms of
this pathology and the variable response to therapy are
factors that may lead to fatality [4,6]. Serologic tests
are being proposed and applied for the diagnosis of
several mycoses, such as cryptococcosis [13], paracoc-
cidioidomycosis (PCM) [14,15] and candidiasis [16],
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and therefore could also be useful for sporotrichosis.
Cell-wall antigens and anti-cell-wall antibodies may be
the basis for developing specific and sensitive serologic
tests [17]. The main challenge to developing a suitable
diagnostic test is obtaining a species-specific antigen.
This becomes an even more complicated goal because
of the high cross-reactivity observed for glycoconju-
gates present either on the cell wall or in culture filtrate
preparations of fungi.

The cell wall of S. schenckii is a suitable source of
antigens [18]. Several epitopes were described on the
cell surface of S. schenckii and were related with N- and
O-linked oligosaccharides of the cell wall peptido-
rhamnomannan [18,19]. The O-linked pentasaccharide
was the main epitope identified in the peptido-
rhamnomannan fraction [19]. By the presence of 2-O
substituted mannose residues in the O-linked oligosac-
charides, it was possible to isolate a concanavalin A
(ConA)-binding antigen, further denominated SsCBF
[20]. This antigen showed a high reactivity when
assayed with sera from patients with cutaneous sporo-
trichosis [21].

In the present work we have performed a serological
study of patients with lymphocutaneous, fixed cuta-
neous, disseminated cutaneous and extracutaneous
forms of sporotrichosis. An ELISA test was developed
to determine specific antibodies against the cell wall
antigen SsCBF on sera and cerebrospinal fluid from
these patients.

Materials and methods
Clinical specimens

Ninety-two patients with sporotrichosis confirmed by
histopathology, direct KOH examination and/or cul-
ture were used in the study. Samples were collected
between March 1999 and July 2004 at the Hospital
Universitario Pedro Ernesto, of the State University of
Rio de Janeiro, and at the Hospital Evandro Chagas,
Fiocruz, Rio de Janeiro, Brazil. The patients studied
had fixed cutaneous, lymphocutaneous, the cutancous
disseminated and extracutaneous forms of sporotricho-
sis. Fifty-five of these patients were evaluated at every
follow-up appointment and serum samples were still
collected after clinical healing. A period of 6-12
months was set for the serological analysis after the
treatment was started, depending on the clinical pre-
sentation and the therapeutic response. Also, sera from
77 patients with aspergillosis (7 =6), histoplasmosis
(n=8), PCM (n=35), chromoblastomycosis (rz=10)
and cryptococcosis (n=18) were assayed by ELISA.
Controls consisted of 30 serum samples from healthy

donors from our department. All sera were collected
with the authorized consent of the individuals.

An HIV-positive patient diagnosed for cutaneous
sporotrichosis that further developed meningitis was
followed-up clinically and serologically. Serum and
cerebrospinal fluid (CSF) specimens were collected for
the ELISA test. In addition, we tested five samples of
CSF obtained from patients with other pathologies,
who were either HIV positive or negative.

Micro-organism and growth conditions

Sporothrix schenckii, strain 1099-18, was used
throughout this study and was originally obtained
from the Mycology Section, Department of Dermatol-
ogy, Columbia University, New York, USA. The micro-
organism was routinely maintained on Sabouraud
slants and stored at 4°C. The yeast phase of
S. schenckii was grown in brain—heart infusion broth
(BHI; Difco, MD, USA) for 7 days at 37°C in a rotary
shaker (150 r.p.m.). Cultures with at least 90% yeast-
like cells were used. Cells were killed with 0.01% (W/v)
thimerosal (Merck, Darmstadt, Germany) and washed
four times with 0.9% NaCl prior to cell wall extraction.

Isolation of cell wall glycopeptides

S. schenckii cell wall peptido-rhamnomannan (CWPR)
was isolated from the yeast cell mass as previously
described [22]. Briefly, the yeast cell mass was sus-
pended in 0.02 mol/l citrate buffer pH 7.0 and auto-
claved for 90 min at 120°C. The crude cell wall extract
was further fractionated by Cetavlon (N, N cetyl
hexadecyltrimethyl-ammoniun bromide) precipitation
in the presence of borate. The CWPR was lyophilized
for further purification.

A mannoprotein fraction of Saccharomyces cerevi-
siae was isolated and purified as described above. The
MP was used as a negative control antigen for the
ELISA assays with the CSF samples.

Isolation of the concanavalin A-binding fraction (SsCBF)

The SsCBF antigen was obtained by affinity chroma-
tography of the CWPR, as previously described
[20]. Briefly, the CWPR was applied on a ConA-
sepharose 4B column equilibrated with phosphate-
buffered saline, pH 7.4 (PBS). The ConA bound
material, denominated as SsCBF, was eluted with 0.1
mol/l methyl-a-D-mannopyranoside in PBS and was
further fractionated on a Bio-Gel P4 column. The void
volume was collected and lyophilized.
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ELISA

Human antibodies (IgG class) against the SsCBF
antigen were quantified by an indirect solid-phase
enzyme-linked immunosorbent assay (ELISA), as pre-
viously described, with slight modifications [21]. Wells
of polystyrene microtiter plates (Maxisorp; Nunc,
Roskilde, Denmark) were coated with SsCBF by
passive adsorption overnight at 4°C. After the blocking
step, the plates were incubated with each serum sample
which was assayed either at a 1:6400 dilution or in
serial two-fold dilutions, depending on the assay. After
a washing step, the plates were incubated with a goat
anti-human IgG-HRP conjugate (Gibco, BRL, St
Louis, MO, USA) and revealed with O-phenylenedia-
mine 2.5 mg/ml and 0.006% H,0, in 0.01 mol/l sodium
citrate buffer, pH 5.6. The reaction was stopped after
20 min with 3 mol/l H,SO,4 and the optical densities
(OD) were read at 490 nm in an ELISA reader (ELISA
Reader; Bio-Rad). For the CSF analysis, the samples
were assayed as above at a 1:200 dilution, with either
SsCBF or MP fractions.

Statistical analyses

Values are reported as mean of at least three indepen-
dent experiments. Comparison between patient and
control ELISA data was done by analysis of the
variance (ANOVA) with Bonferroni correction for
multiple comparisons. All P-values of less than 0.05
were considered significant. Sensitivity, specificity and
efficiency were determined as described by Crowter
[23].

Results

Serological evaluation of patients with cutaneous and
disseminated sporotrichosis

The serological reactivity against the antigen SsCBF
was determined by ELISA in the sera of patients with
different clinical presentations of sporotrichosis. As
show in Fig. 1, 67% of the patients examined presented
the lymphocutaneous form of sporotrichosis. The other
33% were patients with the fixed cutaneous, the
disseminated cutaneous and the extracutaneous forms
of sporotrichosis. Individual serum samples of these
patients were collected just before treatment was started
and were assayed by ELISA at a 1:6400 dilution (Fig.
2). The cut-off point (Ag99 =0.23) was established by
the mean plus 2 standard deviations of the ELISA
values from sera of healthy donors (control group). The
ELISA reactivity was reproducible and determined in
duplicates of at least three independent experiments.
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Fig. 1 Distribution of the clinical forms of sporotrichosis as
observed for a group of 92 patients serologically evaluated during
the period 1999-2004. Lymphocutaneous ([ ), fixed cutaneous ([7]),
disseminated cutaneous () and extracutaneous (E2).

The cross-reactivity was evaluated with sera from 77
patients with other mycosis (Fig. 3). Some degree of
cross-reactivity was observed in heterologous serum
samples. A low cross-reactivity was observed specifi-
cally with sera from patients with chromoblastomyco-
sis. The sensitivity of the test was 90% with a specificity
of 80% and a global efficiency of 86%.

Serological follow-up of sporotrichosis patients

The antibody levels against the antigen SsCBF were
evaluated during the clinical trial. Serum specimens
from 55 patients were analysed before and during
treatment and were collected at every follow-up
appointment. Fig. 4 shows a representative serological
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Fig. 2 Reactivity determined by ELISA of serum specimens from 92
patients with confirmed sporotrichosis. The groups studied are
indicated by numbers, as follows. (1) Patients with the fixed cutaneous
form (n=21); (2) patients with the lymphocutaneous form (n =62);
(3) patients with the disseminated cutaneous and the extracutaneous
forms (n=9); (4) healthy individuals (n =30). Sera were assayed at
1:6400 dilutions. The horizontal dashed line represents the cut-off
point. *P < 0.01 compared with healthy individuals (control group).
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Fig. 3 Indirect ELISA for the evaluation of anti-Ss CBF antibodies
in sera of patients with several clinical forms of sporotrichosis (n =92)
and with heterologous fungal infections. Serum specimens from
patients with fungal diseases and healthy donors are represented as
follows. (1) Aspergillosis (n =6); (2) PCM (n =35); (3) histoplasmosis
(n =8); (4) cryptococcosis (n =18); (5) chromoblastomycosis (7 =10);
(6) sporotrichosis (n =92); (7) healthy volunteers (n =30). Sera were
assayed at a 1:6400 dilution. The horizontal dashed line represents the
cut-off point. ¥*P < 0.05 compared with groups 2, 3, 4 and 5; **P <
0.01 compared with the control group.

finding during the follow-up of a patient with lympho-
cutaneous sporotrichosis. A significant decrease in the
serum antibody titer against the antigen SsCBF
correlated with the therapeutic response. Similar results
were observed for other patients submitted to several
therapeutic regimens (data not shown). Independent of
the clinical presentation, the ELISA test could detect a
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Fig. 4 IgG titers of nine serum samples from a patient with
lymphocutaneous sporotrichosis as determined by ELISA with the
SsCBF antigen. The patient was monitored over 9 months and serum
samples were collected before treatment (@) and, on the second (%),
third (A ), fourth (Q), fifth ([7), sixth (X), seventh (A ), eighth (@),
and ninth (W) month after therapy was started.

decrease in the IgG titers that parallels the therapeutic
regimen and clinical healing (Fig. 5). The serological
follow-up of an HIV-positive patient diagnosed for
cutaneous sporotrichosis who further developed me-
ningeal sporotrichosis showed an increase in the IgG
titer which corresponds to the recurrence of episodes
(Fig. 5D) described later.

The mean IgG titers in serum samples for each group
of patients with several clinical presentations of spor-
otrichosis were evaluated before and after treatment
(Fig. 6). In the latter cases, sera were collected 6—12
months after the drug regimen was started and/or the
patient was considered clinically cured. A significant
decrease in the antibody serum titers was observed for
the patients with lymphocutaneous and disseminated
forms of sporotrichosis. Although not statistically
significant, an unambiguous decrease in the antibody
serum titer after clinical healing was also observed for
the group of patients with the fixed cutaneous form of
this disease.

The titers of two patients were analysed individually.
One of these patients was HIV-positive and had
disseminated cutaneous sporotrichosis. He showed
higher antibody titers starting from 819200 and
decreasing to 51 200 during treatment. He abandoned
the treatment after 4 months. The other patient was an
immunocompetent individual initially diagnosed for
the disseminated cutaneous form of sporotrichosis but
showing serum titers of 409600. She was further
diagnosed with osteoarticular sporotrichosis and am-
photericin B was introduced. The serum titer decreased
to 12800 after 12 months.

Detection of antibodies against SsCBF in CSF specimens of
an HIV-positive patient

A 27-year-old man with fever, lymphadenomegaly,
hepatoesplenomegaly and cutaneous lesions was diag-
nosed as HIV-positive (CD4 =97 cells/mm3). Skin
biopsy revealed presence of S. schenckii at histopathol-
ogy and culture. Treated initially with itraconazole and
retroviral therapy, his clinical status complicated with
meningitis, which was treated with amphotericin B (3 g
total dose) and maintenance therapy at a day-hospital.
Two months after initial treatment, meningitis recurred
and was associated with fluconazole. Three months
after the second meningeal episode, amphotericin B
was stopped because of nephrotoxic side-effects. Once
again, meningitis recurred. Meningeal episodes stopped
only when viral load reached undetectable levels and
CD4 counts raised to 200 cells/mm>. The patient was
serologically followed-up for 26 months. Serum and
CSF samples were collected and assayed against the
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antigen SsCBF (Fig. 5D, 7). ELISA data of CSF
showed an increase in the IgG level with specific peaks
at recurrence episodes and amphotericin B therapy
discontinuation (Fig. 7). The CSF titer lowered with
the improvement of the clinical condition. ELISA
assays with an unspecific mannoprotein fraction of
S. cerevisiae confirmed that the IgG antibodies
detected specifically recognized the glycoprotein anti-
gen, SsCBF (data not shown). Cerebrospinal fluid
specimens of five patients with other uninformed
pathologies were used as controls. No detectable
cross-reactivity was observed and the OD was lower
then 0.07 (data not shown).

Discussion

Currently, a sporotrichosis epidemic is occurring in the
State of Rio de Janeiro, involving cats, dogs and

Mean titer x 103

0 T T ]
Fied cotaneons Lymphocufaneoss  Dsseminated cutaneous

Fig. 6 Mean IgG titer determined by ELISA with the SsCBF
antigen in sera of patients with sporotrichosis. Serum samples were
collected before (black bars) and after treatment (white bars). *P <
0.05 compared with the untreated group.
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humans [24]. The increasing number of infected domes-
tic cats represents an important epidemiological factor
as their lesions are rich in yeast-form parasites, which
can be directly inoculated in the human host by
scratches. This fact could lead to a change in the
incidence of more severe forms of sporotrichosis [25], as
the yeast phase is highly virulent [26]. Since the 1980s,
veterinarians, technicians, handlers and owners of sick
cats have been considered as a new risk group for the
acquisition of sporotrichosis [1]. Also, sporotrichosis
had been reported as an emerging mycosis in HIV-
positive individuals [6,27,28]. Because of the absence of
specific clinical signs and symptoms, systemic mycoses
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Fig. 7 Determination of IgG titers in the cerebrospinal fluid (CSF)
of an HIV-positive patient diagnosed for meningeal sporotrichosis.
Eleven CSF samples were collected in 1- to 3-month intervals (CSF 1
to CSF 11) and were assayed by ELISA against SsCBF. The first
sample corresponds to the beginning of the therapeutic regimen (CSF
1). The black arrows indicate recurrence episodes of meningeal
sporotrichosis and the white arrow indicates the isolation of S.
schenckii from the CSF.
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remain a diagnostic and therapeutic challenge [29].
Serologic tests can rapidly diagnose fungal infections,
enabling prompt therapy to be initiated [30]. A great
number of serodiagnostic tests currently available are
far from satisfactory, lacking both sensitivity and/or
specificity [31] and are therefore not helpful in diagnos-
ing relevant invasive mycosis [32].

In a previous work, we described the species-specific
SsCBF antigen, which showed a potential application
in the serological diagnosis of sporotrichosis [20]. This
antigenic fraction gave low cross-reactivity with sera
from healthy individuals and from patients with para-
coccidioidomycosis, cryptococcosis, candidiasis, asper-
gillosis or histoplasmosis. Thus, in the present work, we
performed a serological study of 92 patients with
confirmed sporotrichosis who were clinically followed-
up. The validation of the diagnostic test was evaluated
with 199 human sera. To evaluate whether or not the
sensitivity of the test would vary significantly with the
severity and extent of the infection, we appraised
antibody titers against the SsCBF antigen of patients’
sera presenting different clinical forms of this mycosis.
Based on the cut-off value, the serological test was
positive for 90% of gold standard patients, illustrating
the usefulness of this method for the diagnosis of
sporotrichosis. Taking into account the healthy donors
and the groups of patients with other mycoses, we
could observe a specificity of 80% for the test. The
SsCBF antigen has not only the O-linked oligosacchar-
ides we had previously characterized on the cell wall
peptido-rhamnomannan but also, the N-linked chains
[18,33]. These N-linked epitopes can cross-react not
only with other fungi but also with Streptococcus
species. [18]. Consequently, the low degree of cross-
reactivity observed in our test may be due, at least in
part, to the presence of N-linked epitopes and the
O-linked trisaccharide («-L-Rha 1 -3 o-D-Man 1 -2
a-D-Man) in the SsCBF antigen [21]. The cross-
reactivity with other pathologies that classically present
sporotrichoid lesions, such as cutaneous leishmaniasis
and mycobacterium infections, is currently under study.
It is interesting to notice that among the control group
of sera we had samples from healthy volunteers of our
laboratory who had routinely contact with this patho-
gen. In conclusion, the global efficiency as defined as
the percentage of subjects correctly classified as dis-
eased with a given prevalence was 86%.

The clinical evolution face to a given therapeutic
regimen can also be potentially appraised by a serolo-
gical follow-up. The good sensitivity that we obtained
in the ELISA test makes us to evaluate its helpfulness
as a prognostic tool. During the period of study,
patients responded well to treatment, which corre-

sponded with the decrease in their serum IgG titers.
Some abandoned the treatment, which did not allow a
correlation of 100% between the serological data and
the complete healing or the recurrence of signs and
symptoms. We observed a clear correlation between
clinical improvement and antibody titer lowering. Also,
the ELISA test with the cell wall antigen SsCBF was
applied to the serological analysis of CSF specimens
from a patient with meningeal sporotrichosis. We
detected specific antibodies against SsCBF in the
CSF of this patient and no reactivity was observed
with the cell wall MP fraction of S. cerevisiae. More-
over, in blind experiments a clear correlation between
the increase of antibody levels in serum and CSF and
the recurrence episodes was observed. No cross-reac-
tion with CSF from patients of the control group was
observed. A previously report in the literature showed
an increase in the antibodies levels in CSF of seven
patients with meningeal sporotrichosis in a serological
study with a crude antigenic preparation from the
culture filtrate of S. schenckii [34]. The authors did not
show cross-reactivity for the CSF of patients with other
heterologous fungal, bacterial and viral infections.
Our findings suggest that the present ELISA assay
based on the SsCBF antigen represents a relevant
laboratory tool for the differential and/or complemen-
tary diagnosis of all clinical forms of sporotrichosis.
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