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Abstract 
The objective of our study was to compare two B. dermatitidis yeast phase ly-
sate antigens [ERC-2, dog Wisconsin; 85, soil Georgia, ATCC 56,920] for de-
tecting antibody in 38 serum specimens [pre-treatment, 30-day, and 60-day 
post treatment] from dogs with diagnosed blastomycosis. The mean absor-
bance values obtained with the two antigens (N = 38) were ERC-2 = 2.359 and 
85 = 2.189. The mean absorbance values when the sera were divided into the 
three treatment groups were as follows pre-treatment: Isolate ERC-2 had an 
absorbance value of 2.418; Isolate 85 had an absorbance value of 2.688, 30-day 
post treatment: ERC-2 had an absorbance value of 2.452; 85 had an absor-
bance value of 2.303 and 60-day post treatment: ERC-2 had an absorbance 
value of 2.150; 85 had an absorbance value of 2.073 with the mean absorbance 
values of all treatment groups were ERC-2: 2.229 and 85: 2.141. This study in-
dicates the potential for further evaluations of the two lysate antigens with re-
gard to antibody detection in dog sera with the ERC-2 reagent slightly more 
reactive than the 85 lysate antigen. 
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1. Introduction 

Blastomycosis is a systemic mycosis that can prove fatal, particularly among 
the immunocompromised. Blastomycosis is caused by the inhalation of the 
thermally dimorphic fungal agents Blastomyces dermatitidis. A common re-
servoir of B. dermatitidis is moist soil and decaying matter, especially in en-
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demic areas, like the southeastern and north-central regions of the United 
States and areas of Canada bordering the states of Wisconsin and Minnesota 
[1] [2] [3]. Though it has never been directly observed growing in nature, it is 
thought to grow there as a cottony white mold, similar to the growth seen in 
artificial culture at 25˚C (77˚F). 

A major virulence factor of B. dermatitidis is its ability to convert from a my-
celial state at room temperature, to its parasitic state at 37˚C. B. dermatitidis is 
found in a mycelial state in nature, but once in the lungs, the airborne filaments 
convert into a broad-based yeast form. The clinical manifestations of blastomy-
cosis range from an asymptomatic infection of the lungs to meningitis. Although 
the symptoms of blastomycosis are often self-resolving, the primary acute infec-
tion may evolve into a chronic form and may even disseminate [4]. These severe 
forms of blastomycosis can be fatal, especially if treatment is delayed.  

The symptoms of blastomycosis mimic various viral and bacterial infections; 
therefore, the development of more efficient tools would aid in the laboratory 
diagnosis of blastomycosis. Histological determinations and culturing have been 
successful in some instances; however, the methods are often time-consuming 
and expensive [4] [5] [6].  

Although there have been promising findings, more research is recommended 
in order to further test the specificity and sensitivity of various lysate antigens in 
detecting B. dermatitidis [7] [8] [9] [10]. Blastomycosis is generally readily 
treatable with systemic antifungal drugs once it is correctly diagnosed; however, 
delayed diagnosis is very common except in highly endemic areas. The current 
study investigated the efficacy of two yeast-phase lysate antigens in detecting B. 
dermatitidis antibodies in various dog sera.  

2. Materials and Methods 
2.1. Lysate Antigens 

Two yeast lysate antigens were prepared from dog (ERC-2, Wisconsin) and soil 
(85, Georgia) isolates of B. dermatitidis. Each of the isolates was prepared by a 
method similar to one that was previously used for the production of yeast lysate 
antigen from Histoplasma capsulatum [11] [12] [13] and modified in our labor-
atory for B. dermatitidis lysate antigen production [7].  

Mycelial phase cultures were converted to yeast cells by culturing at 37˚C on 
BHI agar. Yeast phase lysate reagents were prepared using a method similar to 
one that was previously described for the production of antigen from Histoplasma 
capsulatum [7] and modified in our laboratory for B. dermatitidis lysate antigen 
production [7]. The yeast phase cells were grown for 7 days at 37˚C in a chemi-
cally defined medium in an incubator shaker, harvested by centrifugation (700 × 
g; 5 min), followed by washing with distilled water, re-suspended in distilled 
water and then allowed to lyse for 7 days at 37˚C in water with shaking. The 
preparations were centrifuged, filter sterilized, and Merthiolate was added 
(1:10,000) and the preparations were stored at 4˚C. Protein assays were per-
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formed on the lysates using the BCA Protein Assay Kit (Pierce Chemical Com-
pany, Rockford, IL) and dilutions of the antigenic reagents used in the assays 
were based on protein concentration. 

2.2. Serum Specimens 

Thirty-eight serum specimens from dogs with diagnosed blastomycosis were 
provided by Dr. A.M. Legendre (University of Tennessee College of Veterinary 
Medicine, Knoxville, Tennessee). 

2.3. Enzyme Linked Immunosorbent Assay (ELISA) 

The ability of each yeast lysate reagent to detect antibodies in the above serum 
specimens was determined using the indirect enzyme-linked immunosorbent 
assay (ELISA) [7] [8] [9] [10]. We followed the methods of M. Shepherd et al. 
2014 [14] with only three minor changes. Each lysate antigen was diluted (1000 
ng of protein/mL) in a carbonate-bicarbonate coating buffer (pH 9.6) and then 
added to triplicate wells (100 µL) of a Greiner 96-well microdilution plate 
(Phoenix Research Products, Candler NC). The plates were incubated overnight 
at 4˚C in a humid chamber and washed three times with phosphate buffered sa-
line containing 0.15% Tween 20 (PBS-T). The serum specimens (1:5000 dilution; 
100 µL) were added to the microdilution plate wells and incubated for 30 min at 
37˚C in a humid chamber. Following the addition of the goat anti-dog IgG (H & 
L) peroxidase conjugate (Kirkegaard and Perry (KPL), Maryland Gaithersburg, 
MD), the plates were again washed and 100 µL of Sure Blue Reserve TMB pe-
roxidase substrate (KPL) was added to each well and incubated for approx-
imately 2 min at room temperature. 

The reaction was stopped by the addition of Stop Solution (KPL) and the ab-
sorbance was read at 450 nm using s Bio-Tek Synergy HT reader.  

3. Results 

ERC-2 lysate antigen exhibited the greatest mean absorbance value (2.359) 
when the 38 serum specimens from dogs with blastomycosis were assayed us-
ing the ELISA as compared to a mean absorbance value of 2.189 with the 85 
lysate antigen (Figure 1). In contrast a slightly greater mean absorbance value 
of 2.688 was obtained with the 85 lysate as compared to a value of 2.418 with 
the ERC-2 reagent with the pre-treatment sera (Figure 2). The mean absor-
bance values obtained when the 30-day post-treatment sera were assayed were 
2.452 with the ERC-2 antigen and 2.303 with the 85 antigen (Figure 3). The 
ERC-2 lysate exhibited a similar pattern of reactivity with the 60-day 
post-treatment serum specimens with a mean absorbance value of 2.150 versus 
a value of 2.073 with the 85 lysate (Figure 4). A heatmap which was generated 
using R studio software with GG plot indicated that the amount of antibody 
detected by the two antigens (ERC-2 and 85) decreased from pretreatment to 
60 days post treatment (Figure 5). 
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Figure 1. Antibody detection in 38 dog serum specimens with B. dermatitidis ERC-2 and 
85 lysate antigens.  

 

 

Figure 2. Antibody detection in 17 pre-treatment dog serum specimens with B. dermati-
tidis ERC-2 and 85 lysate antigens.  

 

 

Figure 3. Antibody detection in nine 30 day post-treatment dog serum specimens with B. 
dermatitidis ERC-2 and 85 lysate antigens.  

 

 

Figure 4. Antibody detection in 12 60 day post-treatment dog serum specimens with B. 
dermatitidis ERC-2 and 85 lysate antigens.  
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Figure 5. Heatmap showing decrease in the detection of antibody from pretreatment to 
60 days post treatment. 

4. Discussion 

Blastomyces dermatitidis is the asexual state of Ajellomyces dermatitidis. A. 
dermatitidis is the sexual stage of the organism. Production of a sexual spore 
requires fusion of the nucleus of a positive type with a negative, the so-called he-
terothallic property; both mating types are equally capable of causing infection 
[15]. 

Two serotypes of B. dermatitidis have been identified based upon the presence 
or absence of the A antigen. In a study of 102 isolates predominantly from North 
America, all of the North American isolates reacted with anti-A antibody, while 
11 of 12 isolates from Africa failed to react. Serologic differences in B. dermatiti-
dis isolates from different geographic location in the United States and Africa 
have been detected using an enzyme-linked immunoassay, indicating that dif-
ferent genotypic groups exist [15]. 

Phylogenetic analysis of 78 clinical and environmental isolates of B. dermati-
tidis from different geographic regions has revealed two distinct species of the 
fungus, B. dermatitidis and B. gilchristii. B. gilchristii was isolated from two 
North American locations known to be hyperendemic for blastomycosis, the 
Kenora region of Ontario and the Eagle River region of Wisconsin. The authors 
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speculated about whether the high rates of infection in these areas might be due 
to B. gilchristii being a more pathogenic species or whether favorable environ-
mental factors allowed emergence of this species. Additional studies are needed 
using isolates from other sites to establish the prevalence of B. gilchristii [15]. 

Our lab for several years has been involved in the preparation and evaluation 
of B. dermatitidis yeast phase lysate antigenic preparations from various isolates 
of the fungus [7] [8] [9] [10]. Our initial research work on the preparation of 
these novel B. dermatitidis lysate antigens for the immunodiagnosis of blasto-
mycosis had a foundation that was based on earlier work that we were involved 
with on the preparation of lysate antigens for the detection of delayed dermal 
hypersensitivity or for antibody detection in coccidioidomycosis and histoplas-
mosis [11] [12] [13]. In an initial study on the development of lysate antigens for 
the diagnosis of coccidioidomycosis, spherules of Coccidioides immitis were al-
lowed to lyse in distilled water for 40 days to obtain the optimal reactive reagent 
[13]. In contrast when the same technique was used for the preparation of lysate 
antigen for the detection of histoplasmosis, it was determined that a one-day pe-
riod of lysis of Histoplasma capsulatum yeast cells was optimal for the producing 
a reagent that was useful for skin-testing (delayed dermal hypersensitivity) as 
well for the detection of antibodies in histoplasmosis using the ELISA [11] [12]. 
When we applied those parameters to the development of yeast lysate prepara-
tions for the diagnosis of blastomycosis, it was determined that a seven-day pe-
riod of lysis of the yeast cells was optimal for the preparation of a lysate antigen 
for antibody detection [7].  

Most of our immunodiagnostic comparative studies have utilized the indirect 
ELISA for the detection of antibodies in serum specimens from immunized rab-
bits or from dogs with diagnosed blastomycosis. The enzyme immunoassay of-
fers a great deal more sensitivity than standard serologic methods that have been 
used in the past including the immunodiffusion and complement fixation assays 
[1] [7] [11] [16] [17]. We have performed comparative evaluations of lysates 
prepared from human, animal and environmental B. dermatitidis isolates and 
encouraging results from those studies have prompted us to perform additional 
studies with lysates from other isolates of the fungus. The primary objective of 
this present study was to compare yeast lysate preparations from two isolates of 
B. dermatitidis (ERC-2, dog, Wisconsin) and 85 (soil, Georgia, ATCC 56,920) 
for their ability to detect antibodies in 39 serum specimens from dogs with blas-
tomycosis. The data from the study indicated that both B. dermatitidis yeast ly-
sate reagents were able to detect antibodies in the serum specimens from dogs 
with blastomycosis. The optimal degree of reactivity was shown with the ERC-2 
antigen prepared from the dog isolate from Wisconsin when compared to the 85 
lysate prepared from the soil isolate from Georgia.  

The serum specimens were obtained from dogs prior to treatment (17) and at 
30-day (9) and 60-day (12) intervals post treatment with itraconazole (Dr. A.M. 
Legendre). The ELISA results indicated that with the ERC-2 antigen the mean 
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absorbance values were similar with the pre-treatment and 30-day sera (2.418, 
2.452), but the mean absorbance value with the 60-day specimens was 2.150. An-
tibody detection with the 85 lysate antigen showed a decrease in reactivity from 
the pre-treatment to the 30-day and 60-day post treatment specimens with mean 
absorbance values of 2.688, 2.303 and 2.073 respectively. These antibody detec-
tion values are what one would assume following treatment. This study indicates 
the potential of both of these B. dermatitidis antigenic reagents for antibody de-
tection in the ELISA and additional comparative studies are warranted to assess 
the value of such preparations for the immunodiagnosis of blastomycosis in 
animals and humans. 

Conversion of B. dermatitidis to the yeast form induces the expression of an 
essential virulence factor, BAD-1 (formerly WI-1), a 120 kd glycoprotein adhe-
sion and immune modulator of B. dermatitidis. The major acquired host defense 
against B. dermatitidis is cellular immunity, which is mediated by antigen-specific 
T lymphocytes and lymphokine-activated macrophages. It is to be noted here 
that our knowledge of the epidemiology of blastomycosis remains incomplete 
because of the lack of well-characterized antigens for skin testing or for seroepi-
demiologic studies. Current information on the epidemiology of blastomycosis 
is based upon clinical reports of sporadic cases in humans and dogs and the 
study of point source outbreaks of disease [15]. 

5. Conclusion 

Our study, which compared 2 lysate antigens with regard to antibody detection 
in sera from dogs with blastomycosis, indicated that the optimal B. dermatitidis 
antigenic preparation was the lysate prepared from the dog isolate with the 
ERC-2 antigen when compared to 85 antigen. We also observed that the amount 
of antibody detected by the two antigens (ERC-2 and 85) decreased from pre-
treatment to 60 days post treatment. 
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