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 A previous work showed that an antigenic fraction of  Sporothrix schenckii ,  Ss CBF, was 

specifi cally recognized by IgG antibodies present in patients’ clinical specimens. The 

objective of this investigation was to compare the reactivity of this antigen recovered 

from three  S. schenckii  strains. ROC curve analysis revealed a variation in the sensitivity 

and specifi city of the antigen derived from each of the strains, with a higher AUC for 

strain 1099-18. Moreover, the presence of the main O-glycosidically-linked epitopes 

described in the  Ss CBF fraction was ascertained. A signifi cant reduction in  Ss CBF 

reactivity of all the strains was observed after β-elimination confi rming the presence 

of O-glycan epitopes. The antigen isolated from strain 1099-18 proved to be a more 

accurate diagnostic tool for serodiagnosis of sporotrichosis.  

Keywords  Sporotrichosis ,  serology ,  Sporothrix schenckii ,  SsCBF antigen ,  ROC 
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Introduction 

 Sporotrichosis, a deep mycosis caused by the dimorphic 

fungus  Sporothrix schenckii,  is the most common sub-

cutaneous mycosis in Latin America [ 1]  .  The infection 

usually occurs as a consequence of traumatic implantation 

of the fungus into the subcutaneous tissue and has several 

clinical presentations, the most frequent being the lym-

phocutaneous form [ 2 ]. Epidemics and microepidemics of 

sporotrichosis have been described throughout the world 

[ 3,4   ] and frequently have a natural source of infection 
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such as contaminated moss, wood, hay, etc. [ 5,6   ]. Until 

the 1980s, the feline sporotrichosis was considered rare. 

Recently, in Rio de Janeiro, Brazil, a zoonotic outbreak 

of sporotrichosis was detected involving humans and cats. 

The number of cases of sporotrichosis caused by cats has 

been increasingly reported [ 7 ]. 

 The classic diagnosis of sporotrichosis (gold standard) 

relies on isolating the organism from the site of infec-

tion. However, this is an invasive method, especially when 

applied to the extracutaneous form of the disease [ 2 ]. 

Furthermore, rapid and accurate molecular and immuno-

chemical tests used for the diagnosis of numerous infectious 

diseases is lacking for sporotrichosis [ 8 ]. 

 In a previous study, our group described the  Ss CBF 

antigen expressed on the cell wall of  S. schenckii  yeast 

cells (strain 1099-18) [ 9 ]. This antigen was used to 

develop an ELISA test that showed a sensitivity and global 

effi ciency of 90% and 86%, respectively. This serological 

test has proven to be a valuable method for the differen-

tial diagnosis of all clinical forms of sporotrichosis [ 10 ]. 
DOI:10.3109/13693780802695520
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One critical parameter for determining a good diagnos-

tic antigen is whether it is species-specifi c and not just 

expressed by a single strain. The goal of the present work 

was to compare the reactivity of the  Ss CBF antigenic 

fraction isolated from three strains of  S. schenckii .   

 Materials and methods  

 Strains of S. schenckii 

 Three strains of  S. schenckii  (1099-18, BH-Y and BH-1) 

were used in this study. Strain 1099-18 was originally 

obtained from the Mycology Section, Department of 

Dermatology, Columbia University, New York, USA. The 

other strains were obtained from the Mycology Section 

of the Federal University of Minas Gerais, Brazil.   

 Serum samples 

 A group of 132 patients with confi rmed sporotrichosis 

(gold standard) prior to treatment participated in this study. 

The samples were collected between March 1998 and 

October 2005 at the Pedro Ernesto University Hospital of 

the State University of Rio de Janeiro and the Evandro 

Chagas Clinical Research Institute, Fiocruz, Brazil. 

A control group of serum samples was also used to con-

struct the Receiver Operating Characteristic (ROC) curve. 

Serum samples of health individuals ( n =23), other myco-

ses ( n =77) (aspergillosis, cryptococcosis, histoplasmosis, 

chromoblastomycosis, paracoccidioidomycosis) and other 

pathologies unrelated to fungi ( n =10) were also examined, 

providing a total of 242 individual serum samples.   

 Isolation of the SsCBF fraction 

 The  Ss CBF antigen was obtained by affi nity chromato-

graphy of the cell wall peptidorhamnomannan (CWPR) 

from the yeast cell as previously described [ 9 ]. Briefl y, 

the CWPR was applied to a Con A-sepharose 4B column 

equilibrated with phosphate-buffered saline (PBS) at pH 7.4. 

The unbound material,  Ss NBF, was eluted with PBS 

and then was desalted in a Bio-Gel P2 column. The Con 

A-sepharose 4B column bound material, labeled as  Ss CBF, 

was eluted with 0.1 M methyl-α-D-mannopyranoside in 

PBS and was further fractionated in a Bio-Gel P4 column. 

The void volume was collected and lyophilized for later 

analysis.   

 b-elimination of the SsCBF fraction 

 The  Ss CBF fraction from three isolates was subjected to 

mild alkaline hydrolysis (β-elimination) with 0.1 N NaOH 
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under reducing conditions (0.3 M NaBH 
4
 ). The β-eliminated 

products were fractionated on a Bio Gel P2 column 

(0.5�145 cm) and eluted with 0.1 N acetic acid. The 

chromatographic profi le was determined by carbohydrate 

analysis using the phenol-sulfuric assay. The β-eliminated 

 Ss CBF ( Ss CBF-β) was isolated and its antigenicity was 

evaluated by ELISA using a pool of patients’ sera. This 

serum pool showed similar positive reactivity with all anti-

genic preparations.   

 ELISA 

 The ELISA using the  Ss CBF antigen was carried out with 

serum samples from sporotrichosis patients, as previously 

described [ 10 ]. Briefl y, the wells of 96-well polystyrene 

microtiter plates (Maxisorp; Nunc, Roskilde, Denmark) 

were coated with either  Ss CBF or  Ss CBF-β by passive 

adsorption overnight at 4°C. After the blocking step, the 

plates were incubated with each serum sample at an opti-

mal dilution of 1:6,400. Next, the plates were incubated 

with goat anti-human IgG-HRP conjugate (Gibco, BRL, 

St Louis, MO, USA) and reacted with  O -phenylenediamine 

and H 
2
 O 

2
  in sodium citrate buffer. The reaction was stopped 

after 20 min with H 
2
 SO 

4
  and the optical densities were 

determined at 490 nm in an ELISA reader (Bio-Rad). All 

experiments were performed in triplicate.   

 ROC analysis 

 Receiver operating characteristic ROC curves (plots of sen-

sitivity against [1-specifi city]) were plotted and used to 

estimate the optimal cutoff for various values of sensitivity 

and specifi city. The area under the ROC curve (AUC) was 

used to determine the accuracy of the test. Data analysis 

was performed with the Stata software, version 8.2.   

 Statistical analysis 

 Serum level values are reported as means�SD. The 

Bonferroni  t  test was used to compare differences between 

groups of sera at a signifi cance level of  P� 0.05.    

 Results 

 Serum samples of 242 individuals were assayed by 

ELISA test, as described in the methods. The ROC curve 

for the ELISA is shown in  Fig. 1 . The area under the 

curve (AUC) was 0.8742 (95% confi dence interval (CI) 

0.82978–0.91863); 0.7082 (95% CI 0.64252–0.77394); 

and 0.7150 (95% CI 0.64963–0.78039) for 1099-18, 

BH-Y and BH-1  Ss CBF antigens, respectively. The ROC 

area was highest for the 1099-18  Ss CBF antigen and no 
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   Fig. 2    Reactivity determined by ELISA of serum specimens from 132 

patients with different clinical manifestations of sporotrichosis against the 

 Ss CBF isolated from three strains of  S. schenckii.  The horizontal dashed 

line represents the cutoff point (0.23).    

  Fig. 1    Receiver operating characteristics (ROC) curve for the  Ss CBF 

antigen of three  Sporothrix schenckii  strains. The ROC is plotted between 

the true-positive rate (sensitivity) on the y-axis, and the false-positive rate 

(1-specifi city) on the x-axis. The area under the curve (AUC) represents 

the accuracy of the ELISA test, which was 0.8742, 0.7150 and 0.7082 for 

the 1099-18 (black line), BH-1 (dark gray line) and BH-Y (light gray line) 

 Ss CBF antigens, respectively.   
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signifi cant differences were observed in discriminatory 

power (ROC areas) between the other two  Ss CBF antigens. 

Chi-square analysis revealed statistically signifi cant differ-

ences between the 1099-18 SsCBF antigen and the BH-Y 

and BH-1 SsCBF antigens ( χ2 =24.66,  P �0.0001 for BH-Y 

and  χ2 =23.05,  P �0.0001 for BH-1). Chi-square analysis 

between BH-Y and BH-1 SsCBF antigens showed no sta-

tistically signifi cant difference ( χ2 =0.03,  P �0.8574). The 

reactivity of the ConA nonbinding fraction,  Ss NBF, was also 

evaluated. For this fraction, the AUC was 0.3448 (95% CI 

0.27580–0.41372) and 0.3810 (95% CI 0.30938–0.45259), 

for 1099-18 and BH-Y, respectively. The serological reac-

tivity against the  Ss CBF isolated from 1099-18, BH-Y and 

BH-1  S. schenckii  strains was determined by ELISA in 

the sera of patients with different clinical presentations of 

sporotrichosis ( Fig. 2 ). The cutoff point (A 
490

 =0.23) was 

established by measuring and comparing the mean plus 

two standard deviations of the ELISA values from the sera 

of healthy donors.  

  We hypothesized that the reactivity of patient anti bodies 

to SsCBF occurred at the main O-glycan epitopes of the 

antigen. To test this hypothesis,  Ss CBF was subjected to 

mild alkaline hydrolysis which removes these epitopes. 
The β-eliminated products were analyzed by thin layer 

chromatography as previously described [ 11 ]. The pres-

ence of the O-linked di-, tri- tetra- and pentasaccharides 

in the three SsCBF fractions was ascertained by compari-

son of the R 
F
  values with the known purifi ed oligosac-

charides previously described by Lopes-Alves  et al . used 

as standards [ 12 ] (data not shown). The β-eliminated frac-

tions,  Ss CBF-β, were then assayed with either a pool of 

sera from patients presenting sporotrichosis or control sera 

from healthy individuals. The reactivity of the  Ss CBF-β 

was compared with the untreated fraction. A signifi cant 

reduction in  Ss CBF reactivity for all strains was observed 

after β-elimination ( Fig. 3 ).  

    Discussion 

 The development of new methodologies for more accu-

rate diagnosis of infectious diseases is currently under 

intense investigation. Most existing diagnostic methods 

have signifi cant shortcomings due to the large number of 

false-positive and false-negative results [ 13 ]. One of the 

key challenges is to identify a good pathogen-derived anti-

gen that is not only species-specifi c, but also reproducible 

and sensitive. Another important aspect is the variation 

intrinsic to the strain used for antigen preparation. 

 Several techniques, including immunoelectrophoresis, 

agglutination and immunodiffusion, have been used for the 

serodiagnosis of cutaneous sporotrichosis. However, low 

specifi city due to cross-reactions with other mycoses has 

been observed [ 14 ]. Furthermore, these techniques are less 

sensitive when compared to enzyme-linked immunoassays, 

which are promising tools in the diagnosis of numerous 

infectious diseases [ 15 ]. The ELISA test using the antigenic 

fraction  Ss CBF showed a sensitivity of 90% and specifi city 

of 80% when assayed with sera from patients presenting 
© 2009 ISHAM, Medical Mycology, 47, 874–878
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  Fig. 3    Reactivity of  Ss CBF and  Ss CBF-β fractions from strains 

1099-18, BH-Y and BH-1 determined by ELISA. The following groups 

were assayed using a pool of sera: healthy individuals assayed with 

 Ss CBF (gray bar), patients presenting sporotrichosis assayed with 

 Ss CBF (black bar) and with SsCBF-β (white bar). * P� 0.05 compared 

to  Ss CBF-β.   

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article-abstract/47/8/874/970990 by Fundacao O

sw
aldo C

ruz (FIO
C

R
U

Z) user on 13 June 2019
several clinical forms of sporotrichosis [ 10 ]. Almeida-Paes 

 et al . [ 16 ] observed a sensitivity of 97% and specifi city of 

89% using a mycelial phase of  S. schenckii  exoantigen in 

the ELISA test [ 16 ]. Although both the  Ss CBF and exoan-

tigen assays gave similar reactivity, the use of exoantigens 

isolated from culture fi ltrates can be considered of limited 

value in serological reactions due to their heterogeneous 

composition, which can also impact inter-laboratory repro-

ducibility. Previous work with a similar culture fi ltrate 

antigen of  S. schenckii  showed a signifi cant variation in 

its biochemical composition, antigenic pattern and DTH 

reaction. The authors reported that a signifi cant variation 

in this type of antigenic preparation occurs following only 

slight modifi cations in culture conditions [ 17 ]. In this case, 

the  Ss CBF antigen brings several advantages. One of them 

is to be a stable and reproducible antigenic preparation 

with well characterized epitopes [ 9  ,10 ]. 

 The fi rst aim of this study was to ascertain the inter-

strain variability of the  Ss CBF antigen by comparing 

the reac tivity of  Ss CBF derived from three strains from  

S. schenckii . Analysis of the results showed that all the 

strains studied expressed the  Ss CBF antigen, and that it 

reacted with similar binding characteristics to serum derived 

from Sporothrix-infected patients. This suggests that the 

SsCBF antigen is well conserved, a feature necessary for 

the development of a reliable diagnostic tool for  Sporothrix  

infection. 

 The second aim of this study was to ascertain the role 

of O-glycans in determining the antigenic properties of 

SsCBF. Previous work has shown that reactivity against 

the  Ss CBF antigen by IgG antibodies present in sera from 

patients with sporotrichosis was due to the presence of the 

O-linked tetra- and pentasaccharides [ 9  ,12 ]. We therefore 
© 2009 ISHAM, Medical Mycology, 47, 874–878
subjected the  Ss CBF antigen to mild alkaline hydrolysis, 

which removes O-glycans [ 11 ]. A signifi cant reduction in 

the reactivity of  Ss CBF-β from all three strains showed 

that O-glycan residues linked to SsCBF are important 

determinants of host reactivity. 

 The data presented in this work reinforce the vali-

dity of the ELISA test using  Ss CBF as a new tool that 

should be considered during differential diagnosis of 

sporotrichosis.   
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