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Abstract 
The objective of this study was to compare eight Blastomyces yeast phase lysate 
antigens, prepared from isolates from northern: N (Minnesota; Wisconsin) and 
southern: S (Tennessee, Alabama, Mississippi) regions of the United States, for 
antibody detection in serum specimens from dogs from these same regions with 
blastomycosis using the indirect enzyme-linked immunosorbent assay (ELISA). In 
Trial 1, the lysates were evaluated for antibody detection in sera from 36 dogs (N:18; 
S:18) with the mean absorbance values ranging from 0.672 (N antigen 643) to 1.504 
(S antigen T-27).  In addition when the N and S sera were evaluated separately, the 
mean absorbance values ranged from 0.564 (N) to 0.780 (S) with the 643 antigen and 
from 1.332 (N) to 1.677 (S) with the T-27 antigen. With all eight lysates greater 
reactivity was evidenced with the S sera than with the N sera.  In addition, four 
combinations of both N and S antigens were compared with regard to antibody 
detection in the same dog sera as above.  Mean absorbance values ranged from 0.967 
(N antigen ERC-2 plus S antigen T-27) to 1.355 (N antigen plus S antigen T-27).The 
greatest reactivity with these combination antigens was less than was determined with 
the individual S antigen T-27 in Trial 1.  In Trial 2 the same 8 lysates were evaluated 
for antibody detection in sera from 10 immunized rabbits with the mean absorbance 
values ranging from 0.978 (N antigen 643) to 2.603 (S antigen T-58).  Trial 2 also 
had a total reactivity absorbance value range of 1.503 (N antigens) to 1.870 (S 
antigens).  A higher level of antibody was detected in the serum specimens from 
infected dogs from S regions and in sera from rabbits immunized with the S isolates 
than with N dog sera or with N sera from immunized rabbits.  

Additional studies may provide more evidence with regard to the utilization of N 
and S lysate antigens for the definitive diagnosis of blastomycosis in animals and humans. 
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Introduction 
 

Blastomycosis, a systemic mycosis of humans and 

animals, is endemic in Southeastern and North Central 

regions of the United States and in areas of Canada 

bordering the states of Minnesota and Wisconsin.  

The disease is caused by two thermally dimorphic 

fungal agents; Blastomyces dermatitidis and another
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recently described cryptic species, B.gilchristii 

(DiSalvo, 1998; Pfaller MA and Diekema, 2010; Brown 

et al., 2013; McTaggart et al., 2016).   

In nature, at approximately 25 C, Blastomyces is 

prevalent in moist environments that are rich in 

decaying matter as a mycelial form.  Once the mycelial 

spore becomes airborne and is inhaled into the lungs, at 

37 C, the filamentous form converts to a broad based 

budding yeast cell. In healthy patients, blastomycosis 

often presents as a potentially self-resolving primary 

pulmonary infection or may evolve into a chronic form; 

however, in immunocompromised individuals the 

disease may disseminate to other organs of the body, 

including the skin and even to the central nervous 

system, causing meningitis (DiSalvo, 1998; Bradsher et 

al., 2003; Bariola and Vyas, 2011). 

The problem that physicians have faced for many 

years is that blastomycosis is difficult to diagnose. 

Culture of the organism or histopathological methods 

have been effective in some instances, but may be costly 

and time-consuming thus leading to delayed diagnosis 

and treatment (Bradsher et al., 2003; Bariola and Vyas, 

2011). 

In addition blastomycosis symptoms vary widely 

and misdiagnosis is common since it can be mistaken 

for various viral or bacterial diseases, including 

tuberculosis. Blastomycosis can be treated with 

systemic anti-fungal drugs, but only when a timely 

diagnosis is made. Therefore in recent years researchers 

have focused on attempts to develop improved and 

efficient immunodiagnostic assays for the detection 

antibody and antigen in human and animal 

blastomycosis (Spector et al., 2008; Vyas et al., 2008; 

McKinnell and Pappas, 2009; Saccente and Woods, 

2010).  

For several years research work in our laboratory 

has focused on determining the efficacy of 

immunodiagnostic assays with regard to the laboratory 

diagnosis of blastomycosis. We have developed 

methods for the preparation of Blastomyces yeast lysate 

antigens and the utilization of such reagents for the 

detection of antibody in various serum specimens from 

infected and immunized animals (Johnson and 

Scalarone,1989; Chester et al., 2003; Sestero and 

Scalarone, 2006; Shurley and Scalarone, 2007; Hatch 

and Scalarone, 2013; Kennell and Scalarone, 2015; 

Kennell and Scalarone, 2016; Kennell et al., 2017). 

Such studies have provided considerable data and the 

potential for improved and reliable laboratory assays, but 

additional comparative investigations will certainly 

contribute to the definitive diagnosis of blastomycosis in 

humans and animals. 

In the present study, various Blastomyces antigens 

prepared from both southern (Tennessee, Georgia, 

Kentucky) and northern (Minnesota, Wisconsin) 

regions of the United States were tested against serum 

specimens from dogs with diagnosed blastomycosis 

from both regions. In addition, various combinations of 

northern and southern lysates were also evaluated for 

their ability to detect antibody in the same serum 

specimens (Trial 1).  The same lysates were further 

tested against sera from rabbits immunized with the 

Blastomyces lysates (Trial 2). 

 

Materials and Methods 
 

Lysate antigens 

Eight  yeast lysate antigens were prepared from 

northern (ERC-2, dog,Wisconsin,  ER-3, soil, 

Wisconsin, 643, human, Wisconsin, 248, soil, 

Wisconsin) and southern (T-58, dog, Tennessee, 85, 

soil, Georgia, KyC, human, Kentucky, T-27, polar bear, 

Tennessee) isolates of Blastomyces. Strain ERC-2 

(ATCC-2585) has recently been classified as B. 

gilchristii, while the other isolates are assumed to be 

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 (Levine et al., 1977; Scalarone et al., 1978) 

and modified in our laboratory for B. dermatitidis lysate 

antigen production (Johnson and Scalarone. 1989). The 

yeast phase cells were grown for 7 days at 37°C in a 

chemically defined medium in an incubator shaker. 

They were then harvested by centrifugation (700 x g; 5 

min), washed with distilled water, re-suspended in 

distilled water and allowed to lyse for 7 days at 37°C in 

water with shaking. The preparations were centrifuged, 

filter sterilized, merthiolate added (1:10,000) and stored 

at 4°C. Protein determinations were performed on the 

lysates using the BCA Protein Assay Kit (Thermo-

Fisher, Pierce Chemical Company, Rockford, IL) and 

dilutions of the antigenic reagents used in the ELISA 

assays were based on protein concentration.   

 

Serum specimens 

Thirty-six serum specimens from dogs with 

diagnosed blastomycosis were provided by Dr. A.M. 

Legendre (University of Tennessee College of 

Veterinary Medicine, Knoxville, Tennessee). 

Twelve serum specimens came from rabbits 

immunized with the same eight lysate antigens in our 

laboratory. The rabbits were housed in accordance to 

the NIH guide for Care and Use of Laboratory Animals 

with approval from the Idaho State University IACUC.  

 

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).  Each lysate antigen 

was diluted (2000 ng/ml of protein) in a carbonate-
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bicarbonate coating buffer (pH 9.6) and then added to 

triplicate wells (100 µl) of a NUNC 96-well microplate 

(Fisher-Thermo). The plates were then incubated 

overnight at 4°C in a humid chamber followed by 

washing three times with phosphate buffered saline 

containing 0.15% Tween 20 (PBS-T). The serum 

specimens (1:2000 dilution; 100 µl) were added to the 

microplate wells in triplicate and incubated for 30 min 

at 37°C in a humid chamber. Following this incubation, 

the wells were washed as above and 100 µl of goat anti-

dog IgG (H & L)  peroxidase conjugate (Kirkegaard 

and Perry, Gaithersburg, MD, KPL) was added to each 

well and incubated for 30 min at 37°C. The plates were 

again washed as above and 100 µl of Sure Blue Reserve 

TMB peroxidase substrate (KPL) was added to each 

well and incubated for approximately 3 min at room 

temperature. The reaction was stopped by the addition 

of Stop Solution (KPL) and the absorbance was read at 

450 nm using s Bio-Tek Synergy HT reader.   

 

Results  
 

In Trial 1, eight lysate antigens from northern 

(Minnesota and Wisconsin) and southern (Tennessee, 

Alabama, and Mississippi) regions were tested against 

36 sera from dogs with blastomycosis from both 

northern and southern regions.  As shown in Figure 1, 

the mean absorbance values ranged from 0.672 

(Antigen 643) to 1.504 (AntigenT-27).  

In Figure 2, the reactivity of same eight lysate 

antigens is contrasted between the northern and 

southern dog sera. All eight antigens detected higher 

levels of antibody in the southern specimens than the 

northern specimens.  For the northern sera the mean 

absorbance values ranged from 0.564 (Antigen 643) to 

1.332 (Antigen T-27) and for the southern sera the 

mean absorbance values ranged from 0.780 (Antigen 

643) and 1.677 (Antigen T-27).   

The four combinations of antigens (A: ERC-2+T-

27; B: ERC-2; 85; C: 643+T-27; D: 643+85) prepared 

from Blastomyces isolates from both northern and 

southern regions of the United States were tested for 

antibody detection in the same 36 serum specimens  

from dogs diagnosed with blastomycosis from these 

same regions as above.  Figure 3 shows that the 

absorbance values ranged from 0.967 (Antigen 

Combination A: ERC-2+T-27) to 1.355 (Antigen 

Combination C: 643+T-27). 

In Trial 2, the same eight lysates were tested 

against 10 sera from rabbits immunized with lysates 

from northern and southern regions.  The amount of 

antibody detected in sera induced by the lysates is 

shown in Figure 4.  Whether the lysate antigen was 

from a northern or southern isolate, it was determined 

that  the  reactivity   was   always   greater   in   the  sera  

  
 

Fig. 1:  Comparison of eight lysate antigens prepared from 

Blastomyces isolates from both northern and 

southern regions of the United States for antibody 

detection in 36 dog serum specimens from these 

same regions. 

 
 

  
 

Fig. 2: Comparison of eight lysate antigens prepared from 

Blastomyces isolates from both northern and 

southern regions of the United States for antibody 

detection in 18 dog serum specimens from the 

north (blue) and 18 dog serum specimens from the 

south (red).  

 

  
 

Fig. 3: Comparison of four lysate antigens combinations 

(A: ERC-2+T-27; B: ERC-2; 85; C: 643+T-27; D: 

643+85) prepared from Blastomyces isolates from 

both northern and southern regions of the United 

States for antibody detection in 36 dog serum 

specimens from these same regions with 

blastomycosis. 



                                                                                                Res. Opin. Anim. Vet. Sci., 2019, 9(1): 16-20. 

 

. 19 

  
 

Fig. 4: Comparison of eight lysate antigens prepared from 

Blastomyces isolates from both northern and southern regions 

of the United States for antibody detection in serum 

specimens from rabbits immunized with lysates from the 

North (blue) and  serum specimens from the south (red). 

 

  
 

Fig. 5: Comparison of eight lysate antigens prepared from 

Blastomyces isolates from both northern and southern regions 

of the United States for antibody detection in 10 serum 

specimens from rabbits immunized with lysates from these 

same regions. 

 

induced by the southern isolate antigen. For the 

northern sera, the mean absorbance ranged from 0.978 

(Antigen 643) to 2.533 (Antigen T-58). In the southern 

sera, the reactivity ranged from 1.130 (Antigen 643) to 

2.603 (Antigen T-58). 

Figure 5 shows the total reactivity of the eight 

lysates with the 10 rabbit sera. Mean absorbance values 

ranged from 0.969 (Antigen 643) to 2.400 (Antigen 

ERC-2). The mean absorbance for all eight lysates in all 

the northern sera was 1.503 as compared to a mean 

absorbance value of 1.870 with the southern sera.   

 

Discussion 

 

The focus of our research has been on the 

production and comparative evaluations of Blastomyces 

dermatitidis yeast phase lysate antigens prepared from 

human, animal and environmental isolates of the fungus 

for the detection of antibodies to blastomycosis in 

animals and humans. Our initial studies on the 

development and preparation of these novel yeast phase 

Blastomyces lysate reagents was based on previous 

research work that we were associated with on the 

development of lysate antigens as skin-testing reagents 

for the clinical diagnosis of cocccidioidomycosis and 

histoplasmosis (Scalarone et al., 1978). 

In all of our previous studies with the various 

Blastomyces isolates only one species, B. dermatitidis, 

was known as the causative agent of blastomycosis.  

However one of the isolates that we having been 

working with, ERC-2, has been recently identified as B. 

gilchristii (Brown et al, 2013; McTaggart et al, 2016).  

Based on this research this species seems to be found in 

the Northern United States and regions of Canada. 

Therefore, based on these findings that there 

appears to be a species of Blastomyces other than 

dermatitidis, it was decided to evaluate various 

Blastomyces lysate antigens produced from isolates 

from both northern and southern regions of the United 

States for their ability to detect antibodies in serum 

specimens from dogs with blastomycosis from both 

northern and southern regions.  In addition rabbits 

immunized with the same lysate antigens and antibody 

induced by these antigens was evaluated for 

comparison. 

The objective of this study was to attempt to 

determine if Blastomyces antigens from isolates from 

northern (Minnesota and Wisconsin), as compared to 

southern (Tennessee, Alabama and Mississippi), 

exhibited differences with regard to their ability to 

detect antibody in the infected dogs and immunized 

rabbits. Overall, all eight lysate antigens were able to 

detect antibody in the 36 dog sera and 10 rabbit sera; 

however, as shown above, efficacy varied.  All eight 

antigens detected higher levels of antibody in the 

southern sera than in the northern specimens.  The 

southern Blastomyces strains appear to be inducing 

more antibody with comparable detection whether a 

northern or southern antigen was used in the assay.  

These results lead one to question if the differences 

seen in the comparative studies between the northern 

and southern isolates are related  to species differences.  

Are all of the northern isolates, in addition to ERC-2, 

actually  B. gilchristii?  It would be interesting to 

speculate that if the northern isolates are B. gilchristii  

is this species different with regard to virulence, as 

compared to the southern isolates, and possibly better at 

evading the immune system of the host.  It seems like 

the host is possibly able to mount a better defense 

against the southern isolates which leads to a greater 

production of antibody as compared to the northern 

strains.  This leads to the question of are there actual 

differences in chemical and molecular characteristics 

between organisms from the different geographical 

regions that allow for the host to react different 

immunologically when infected or immunized with the 
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various antigens since it was determined that the 

antigens from the southern isolates that infect dogs or 

those southern isolate antigens used for immunizing 

rabbits induce a greater antibody response in the hosts 

than with the northern isolate antigens?  Research is 

continuing in an attempt to further elucidate these 

characteristics. 
 

Acknowledgements 

This research was supported by the Department of 

Biological Sciences at Idaho State University. 

 

References  
 

Bariola KR, Vyas KS (2011) Pulmonary Blastomycosis. 

Semin in Respir Crit Care Med 32: 745-753.  

Bradsher RW, Chapman SW, Pappas PG (2003) 

Blastomycosis. Infect Dis Clin NA 17: 21-40. 

Brown EM, McTaggart LR, Zhang SX, Low DE, 

Stevens DA, Richardson SE (2013) Phylogenetic 

analysis reveals a cryptic species Blastomyces 

gilchristii, sp. nov. within the human pathogenic 

fungus Blastomyces dermatitidis. PLoS One 8: 1-

14. 

Chester EM, Axtell RC, Scalarone GM (2003) 

Blastomyces dermatitidis lysate antigens: Antibody 

detection in serial serum specimens from dogs with 

blastomycosis. Mycopathologia 156: 289-294. 

DiSalvo AF (1998) Blastomycosis, in Topley and 

Wilson’s Microbiology and Microbial Infections, 

Arnold Publishers, London, UK, 9th edition. pp: 

337-355.  

Hatch, WO, Scalarone GM (2013) Development of a 

slide agglutination assay for the detection of 

blastomycosis. Microbiol Immunol 57: 756-761. 

Johnson SM, Scalarone GM (1989) Preparation and 

ELISA evaluation of Blastomyces dermatitidis 

yeast phase lysate antigens.  Diag Microbio Infect 

Dis 11: 81-86.  

Kennell BC, Scalarone GM (2015) The detection of 

Blastomyces dermatitidis antibodies in rabbit 

zerum specimens with yeast lysate antigens 

prepared from isolates of the fungus from a human 

outbreak of blastomycosis. US Open Med Lab 

Diag J 2: 1-5. 

 Kennell BC, Scalarone GM (2016) Blastomyces 

dermatitidis antibody detectioin in dog serum 

specimens with lysate antigens prepared from soil, 

dog, human and miscellaneous isolates of the 

fungus. US Open Anim Health Vet Med J 3: 1-6. 

Kennell BC, Scalarone GM, Hoyos-Carvajal L, 

RoyChowdhury M (2017) Detection of antibody  in 

dogs with blastomycosis using Blastomyces 

dermatitidis yeast phase lysate antigens. Open J 

Vet Med 7: 111-119. 

Levine HB, Scalarone GM, Chaparas SD (1977). 

Preparation of fungal antigens and vaccines: 

Studies on Coccidioides immitis and Histoplasma 

capsulatum. Contrib Microbiol Immunol, 3: 106-

125.  

McKinnell JA, Pappas PG (2009) Blastomycosis: New 

insights into diagnosis, prevention, and  treatment.  

Clin Chest Med 30:227-239.  

McTaggart LR, Brown EM, Richardson SE (2016) 

Phylogeographic analysis of Blastomyces 

dermatitidis and Blastomyces gilchristii reveals an 

association with North American freshwater 

drainage basins. PloS one 11: 1-22. 

Pfaller MA, & Diekema DJ (2010) Epidemiology of 

invasive mycoses in North America. Critical Rev  

Microbiol 36(1): 1-53. 

Saccente M, Woods GL (2010) Clinical and laboratory 

update on blastomycosis. Clin Microbiol Rev 23: 

367-381.  

Scalarone GM, Levine HB, Chaparas SD (1978) 

Delayed hypersensitivity responses of experimental 

animals to histoplasmin from the yeast and 

mycelial phases of Histoplasma capsulatum.  Infect 

Immun 21: 705-713. 

Sestero CM, Scalarone GM (2006) Detection of IgG 

and IgM in sera from canines with 

 blastomycosis using eight Blastomyces 

dermatitidis yeast phase lysate antigens. 

Mycopathologia 162: 33-37. 

Shurley JF, Scalarone GM (2007). Isoelectric focusing 

and ELISA evaluation of a Blastomyces 

dermatitidis human isolate. Mycopathologia 164: 

73-76. 

Spector D, Legendre AM, Wheat J, et al. (2008) 

Antigen and antibody testing for the diagnosis of 

blastomycosis in dogs. J Vet Int Med 22: 839-843.  

Vyas KS, Bariola JR, Bradsher RW (2008) Advances in 

the serodiagnosis of blastomycosis. Curr Fungal 

Infect Rep 2: 227-231. 

 


