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Objective: To determine if host genetics may be a risk factor for severe blastomycosis.

Design: A cohort of patients who had contracted blastomycosis underwent targeted SNP (single 
nucleotide polymorphism) genotyping. The genetics of these patients were compared to a set of age 
and gender-matched controls and between patients with severe versus mild to moderate blastomycosis. 

Setting: The Marshfield Clinic Health System in central and northern Wisconsin

Participants: Patients with a diagnosis of blastomycosis prior to 2017 were contacted for 
enrollment in this study.  A phone hotline was also set up to allow interested participants from outside 
the Marshfield Clinic Health System to request enrollment.

Methods: SNP frequency was assessed for significant differences between the patient cohort and 
controls and between patients with severe versus mild to moderate blastomycosis. We also tested the 
effect of Blastomyces species identified in clinical isolates on disease symptoms and severity.

Results: No significant differences were found in SNP frequency between cases and controls or 
between those with severe or mild to moderate blastomycosis. We did detect significant differences 
in symptom frequency and disease severity by Blastomyces species.

Conclusions: Our study did not identify any genetic risk factors for blastomycosis. Instead, the 
species of Blastomyces causing the infection had a significant effect on disease severity.
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Dimorphic fungi are a major cause of severe disease, 
estimated to cause over 300 million severe infections 
per year globally.1 One of these diseases, 

blastomycosis, is endemic to the Mississippi, Ohio, and St. 
Lawrence River valleys, as well as the Great Lakes region, in 
the United States. Blastomycosis is most often caused by two 
species, Blastomyces dermatitidis and Blastomyces gilchristii, 

which have differing clinical presentations.2,3 B. gilchristii 
typically infects younger people and remains a pulmonary 
infection, while B. dermatitidis is more likely to cause disease 
in people with co-morbidities and to cause a disseminated 
infection.3 Two additional species, Blastomyces helicus and 
Blastomyces percusus, have also been identified as less 
common disease-causing agents, while Blastomyces emzantsi 
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was recently described in South Africa.4–6 For all species, 
infection occurs through the inhalation of spores found in 
moist, organic-rich soils.7,8 Exposure often occurs along 
waterways and is linked to activities that disturb the soil, such 
as gardening. Once exposed, there is an incubation period of 
3-15 weeks before symptoms develop.9 An unknown 
percentage of people exposed never develop symptoms, 
revealed through incidental findings of Blastomyces and 
positive histoplasmin skin tests following a point-source 
outbreak in individuals not diagnosed with blastomycosis.10,11 
However, many patients with blastomycosis require 
hospitalization and intensive care, with 4.3-6.3% of cases 
resulting in death.9

Related dimorphic fungi, such as Coccidiomyces, are known 
to disproportionately affect specific populations.12,13 There is 
also evidence to suggest that the genetics of the person 
infected may play a role in Blastomyces infection and that 
genetic variants associated with higher risk of infection with 
dimorphic fungi are more likely to be found in certain 
populations. In 2009-2010, an outbreak of blastomycosis 
occurred in Wisconsin that disproportionately affected persons 
of Hmong ethnicity.14 Genome-wide sequencing of these 

patients revealed variants potentially involved with immune 
response, specifically the gene encoding interleukin-6 (IL-6), 
which regulates interleukin-17 response.15 People with these 
genetic variants may be more susceptible to infection with 
Blastomyces, more likely to develop symptoms, or progress to 
severe, life-threatening disease. 

The reasons underlying the wide range of clinical outcomes 
from blastomycosis are largely unknown. We hypothesized 
that host genetics play a significant role in disease severity 
during infection with Blastomyces. Therefore, we aimed to 
test for genetic variants linked to more severe disease using a 
cohort of genotyped patients with blastomycosis from the 
Marshfield Clinic Health System.

Methods
Setting and Participants
Blastomycosis is highly endemic to Wisconsin. While globally 
a rare infection, blastomycosis has a particularly high incidence 
(10-40 per 100,000 population) in northern Wisconsin.7,16 
Many of these patients seek treatment through the Marshfield 
Clinic Health System, which spans central and northern 
Wisconsin. 

Patients with a diagnosis of 
blastomycosis were identified in 
clinical records of the Marshfield 
Clinic Health System under a prior 
Institutional Review Board and 
considered eligible for this study 
(Figure 1). Many of these patients 
had previously participated in clinical 
research, and chart reviews had 
already been completed. We 
identified 971 eligible patients and 
had another 46 patients from other 
health systems call in to a hotline to 
request enrollment. Of this group, 
284 eligible participants were 
contacted via letter to offer enrollment 
in this study, with a focus on those 
with previously bio-banked isolates 
from their Blastomyces infection. 
Participants were asked to consent to 
a medical records request and to 
provide a blood sample for genotype 
analysis. If no response was received 
to the letter, patients were then 
contacted via phone or email. Patients 
who were deceased, required an 
interpreter, had an activated power of 
attorney, were related to another 
study participant, or had incomplete 
contact information were not 
contacted. 

Figure 1. Flowchart of recruitment, enrollment, and study completion. Eligible 
patients were identified based on chart review in the Marshfield Clinic Health System, 
in addition to setting up a phone hotline for interested participants from other health 
systems. After exclusions and searching specifically for patients with clinical isolates 
available, 284 patients were contacted for enrollment. Of those contacted, 83% 
enrolled in our cohort. Within the cohort, 85% consented to SNP genotyping, and 
51% had genotyped clinical isolates of Blastomyces.
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We enrolled 237 patients, a response rate of 83% (Figure 1). 
Data were collected via chart abstraction on patient 
demographics and co-morbidities, clinical disease 
characteristics, and treatments. Clinical isolates of Blastomyces 
were available for 120 patients in our study. Of this cohort, 
201 patients were genotyped at 550,601 key SNP locations. 

Age-matched controls, for whom the same genotype data 
were available, were selected from the Personalized Medicine 
Research Project (PMRP) biobank, which had enrolled 
Marshfield Clinic Health System adult patients as 
participants.17 Two controls were matched to each patient with 
exclusion criteria of any previous diagnosis of blastomycosis. 
Since the PMRP database does not contain pediatric patients, 
cases under the age of 18 were matched to 18 year old 
controls.

Ethics Statement
This study and its protocol were approved by the institutional 
review board at the Marshfield Clinic Health System. Written 
informed consent was obtained from each enrolled or parent 
of each enrolled child. The authors attest that the study was 
performed in accordance with the protocol. 

Outcome Measures and Exposure Variables
We assessed genotypic variation between patients diagnosed 
with blastomycosis and those without this diagnosis and 
patients with mild to moderate versus severe blastomycosis. 
For this study, a severe case of blastomycosis was defined as 
a case requiring hospitalization. Mild to moderate disease was 
defined as managed in an outpatient setting. 

We investigated two potential exposure variables in this study. 
The first was host genotype, i.e., the genetics of the person 
with blastomycosis. We tested associations between genotypes 
and a blastomycosis diagnosis and between mild to moderate 
and severe blastomycosis. The second variable was the 
species of Blastomyces identified in the clinical isolate. We 
tested the association between species and disease severity for 
this exposure variable.

Genotyping Methods
For human genotyping, patients in this study consented to 
either a blood draw or a buccal swab. For blood draws, 6 mL 
of blood was collected. DNA was extracted using the 
Puregene EP DNA Purification Kit and quantitated using a 
Qubit Fluorometer (ThermoFisher Scientific, Grand Island, 
NY). DNA samples were sent to the Center for Inherited 
Disease Research (CIDR) at Johns Hopkins University for 
genotyping using the HumanCore BeadChip (Illumina), 
targeted towards a set of 550,601 SNPs known to have 
variation. Data are available on dbGaP under study number 
“phs003426”.

Clinical isolates of Blastomyces from patients in this cohort 
were obtained from Marshfield Labs as part of a previously 

established biorepository and stored at -20C until extraction. 
Isolates were extracted and genotyped as described in Meece, 
et al., 2013.3 Briefly, DNA was extracted using the QIAamp 
DNA mini kit and tissue protocol (QIAGEN) with minor 
modifications.18 Isolates were genotyped using PCR.19 This 
method allows us to distinguish B. dermatitidis from B. 
gilchristii.

Data Analysis and Significance
Data analysis was performed in R (version 4.1.0) using 
RStudio and the packages “tidyverse” (version 1.3.1) and 
“glmnet” (version 4.1.4) (Friedman et al., 2010).20–23 To 
determine whether case characteristics differed according to 
pathogen species, patient demographics and symptoms were 
first compared between B. gilchristii and B. dermatitidis using 
Pearson’s chi-squared test for count data and the Wilcoxon 
sum rank test for continuous data. Confidence intervals for 
count data were calculated using equality of proportions 
hypothesis testing. Variables found to be significant at P < 
0.05 in these univariate statistics were next assessed via 
relaxed fit, cross-validated lasso regression in glmnet to 
determine their predictive value. This included age at symptom 
onset, presence of a fever, presence of skin lesions, 
hospitalization, and observation of consolidation, infiltrate, or 
opacity via x-ray of the chest. 

Genotype data was compared between groups using PLINK 
(version 1.07).24 This toolset performs genome-wide 
association analysis to determine if any SNPs are significantly 
outside of their expected equilibrium values. We compared 
genotypes between our blastomycosis cases and our age-
matched controls, as well as between those in our cohort with 
severe blastomycosis (requiring hospitalization) to those with 
mild to moderate blastomycosis using case/control association 
analysis. Of the 550,601 SNPs sequenced, there were 220,187 
in our dataset that had no variation, so 330,414 were retained for 
analysis. Due to the large number of SNPs tested, we 
implemented a Bonferonni correction on the resulting P values. 

Because the large number of SNPs sequenced reduced our 
ability to detect significance, we next targeted our dataset to 
only SNPs in genes previously linked to increased risk or 
severity of blastomycosis, histoplasmosis, and 
coccidioidomycosis. These genes included IFN(g)R1, 
IL12R(b)1, STAT3, STAT1, GATA2, MyD88, IL-1R1, and 
IL-6.25 Of our sequenced SNPs, 61 were within these genes, 
and a Bonferroni correction was still applied.

Results
Patient Demographics
Cases in this dataset were predominantly male [138 (58%)], 
consistent with previous research suggesting that males are 
more likely to be exposed to Blastomyces (Table 1).26,27 The 
majority of patients were white [216 (91%)], reflecting the 
demographics of central and northern Wisconsin. The mean 
age of patients at the age of symptom onset was 44-years-old, 
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control group or disease severity within our case group. 
Because the large number of SNPs in our dataset may reduce 
our ability to detect significant differences, we repeated these 
analyses on SNPs found in genes previously associated with 
fungal disease.28 No significant differences were found in this 
reduced dataset in either the cases versus control or severe 
versus mild to moderate disease groups.

Clinical Presentation 
The most common symptom of blastomycosis was a cough, 
with 206 (87%) patients reporting this symptom. Roughly half 
of patients experienced the following symptoms: fever [152 
(64%)], fatigue [137 (56%)], and chills [103 (43%)]. Skin 
lesions were observed in 35 (15%) patients. A computed 
tomography (CT) scan and radiograph of the chest was 
obtained for all patients in this cohort. Via CT scan, 
consolidation or opacity of the chest was seen in 117 (50%) 
patients, and 70 (30%) had nodules, 51 (22%) had masses, and 
53 (22%) had adenopathy. Results differed when obtained via 
radiograph, with 199 (84%) patients presenting with 
consolidation or opacity, 45 (19%) with nodules, 29 (12%) 
with masses, and 9 (4%) with adenopathy. Pulmonary only 
infections were present in 188 (79%) patients, while 46 (19%) 
infections were disseminated to other locations. In this cohort, 
135 (57%) patients in this cohort were hospitalized. The mean 

with a median of 46-years and a standard deviation 17. Many 
patients in this dataset had co-morbidities, with 89 (38%) 
reporting a cardiac condition, 27 (11%) reporting a pulmonary 
condition, and 11 (5%) reporting a neurological condition. Of 
the patients, 35 (15%) had diabetes or hypoglycemia, and 38 
(16%) were immunocompromised. In this cohort, 118 (50%) 
patients had never smoked, 65 (27%) had smoked in the past, 
and 50 (21%) were current smokers. 

An age- and gender-matched control group of patients with 
no prior diagnosis of blastomycosis was selected from the 
PMRP database, which contains 18,239 patients enrolled in 
2002–2005 in Marshfield, Wisconsin and its surrounding zip 
codes.17 In the full PMRP cohort, 41% of patients were 
diagnosed with a cardiovascular condition, 46% had asthma 
or chronic obstructive pulmonary disease, and 10% had 
diabetes. 

Association of Patient Genetics with Blastomycosis
We genotyped SNPs for patients in this cohort to determine 
if there was a genetic association with more or less severe 
disease. We defined severe disease as requiring hospitalization. 
After controlling for Blastomyces genotype and correcting 
for multiple testing, no SNPs were significantly associated 
with either contracting blastomycosis as compared to our 
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Table 1. Differences in patient demographics, underlying medical conditions, and clinical presentation associated with 
Blastomyces species. we identified the species of Blastomyces as a significant variable explaining differences in clinical 
progression between patients diagnosed with blastomycosis. Demographic variables and co-morbidities were not 
associated with Blastomyces species, but several symptoms were significantly associated with species.

Variable category Variable tested
B. gilchristii
(80 patients)

B. dermatitidis
(40 patients) P value

95% Confidence 
Interval

   Demographics
Gender 59% male 63% male 0.84 -24 – 17%
Smoking (past or 
current)

38% 58% 0.35 -11 – 34%

     Underlying     
     Conditions

Cardiac 29% 45% 0.12 -36 – 4%
Pulmonary 9% 18% 0.27 -24 – 6%
Neurological 4% 10% 0.34 4 – 10%
Diabetes 11% 13% 1.00 -15 – 12%
Immunocompromised 14% 18% 0.79 -20 – 12%
Obesity 51% 38% 0.36 -7 – 35%

     Symptoms
Fever 79% 35% < 0.01 -63 – -25%
Fatigue 60% 33% 0.01 -47 – -8%
Cough 94% 78% 0.02 -32 – -0.4%
Chest pain 54% 33% 0.05 -41 – -1%
Shortness of breath 65% 21% 0.03 -43 – -2%
Skin lesion 6% 35% < 0.01 12 – 46%
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genotype of Blastomyces could predict the clinical progression 
of the disease. B. gilchristii tends to infect younger people, lead 
to hospitalization, and is less likely to disseminate than B. 
dermatitidis. Skin lesions are more commonly found with B. 
dermatitidis, while a fever is more indicative of B. gilchristii.

While previous studies have identified genetic factors associated 
with susceptibility to infection with dimorphic fungi, including 
Blastomyces, Histoplasma, and Coccidioidomyces, our study did 
not find any SNPs associated with increased risk of hospitalization 
or risk of contracting blastomycosis. Our analysis of genetic 
differences between our cohort and our control group found no 
significant SNPs associated with susceptibility to blastomycosis. 
We note that many patients in the control group were not residing 
in areas where blastomycosis is endemic and, therefore, were 
highly unlikely to have been exposed to Blastomyces. Even in 
Wisconsin, exposure to this organism is suspected to be so rare 
that most people will not have encountered Blastomyces in the 
environment, making studying susceptibility difficult. There is 
currently no reliable test to determine previous exposure to 
Blastomyces. 

Another reason why we did not detect any SNPs significantly 
associated with disease severity could be the homogeneity of 
patient demographics in this study. In our cohort, 91% of patients 
were white; this is equivalent to the 2020 United States census 
data for Wood County, where the Marshfield Clinic Healthcare 
System is headquartered. However, this does not provide 
opportunity to investigate blastomycosis across diverse 
populations and may not have allowed us to detect the trends 
observed with other dimorphic fungi. For example, a previous 
study of Hmong patients diagnosed with blastomycosis in 
Wisconsin identified genetic variants of interest located in the 
genes encoding IL-6; our study likely did not include enough 
non-white participants or SNPs within IL-6 to replicate this 
result.15 Additionally, this study used whole-genome sequencing, 
while we tested a pre-determined set of SNPs. Another cohort 
study of blastomycosis in the Marshfield Clinic Health system 
found that Hispanic white, American Indian/Alaskan Native, and 
Asian patients were younger and healthier than average in the 
cohort, but were more likely to be hospitalized for blastomycosis.29 
We also note that our dataset was predominantly male (58%). 
This is commonly observed in blastomycosis datasets, 30,31 but as 
females have a higher rate of mortality from blastomycosis,30 
may have skewed our results.

Instead, we found that etiologic Blastomyces species was a better 
predictor of disease severity. Previous research has already 
described differing clinical progressions between B. gilchristii 
and B. dermatitidis, and this study confirms those findings.3 We 
also further identified the signs and symptoms associated with 
each species. A case of blastomycosis with a fever is highly 
likely to be caused by B. gilchristii and less likely to lead to 
infection outside the lungs, but has a high chance of requiring 
hospitalization. The presence of a skin lesion suggests B. 
dermatitidis and is associated with disseminated infection in 

length of hospital stay was 12 days, with a median of 9 and a 
standard deviation of 10. In this study, 37 (16%) patients 
received intensive care, and 19 (8%) patients were 
intubated.	

Blastomyces Genotypes	
Clinical isolates were obtained from 120 patients in this 
cohort and genotyped. Of these samples, 40 (33%) were 
identified as B. dermatitidis, and 80 (66%) were identified as 
B. gilchristii. B. dermatitidis was much more likely to cause a 
disseminated infection than B. gilchristii (P < 0.001, CI = 30 
– 74%), with 18 (45%) of B. dermatitidis infections becoming 
disseminated compared to 6 (8%) of B. gilchristii infections. 
The most common location of dissemination for both species 
was the skin [5 (6%) for B. gilchristii and 15 (35%) for B. 
dermatitidis, P < 0.001, CI = 26 – 74%]. The mean age of 
diagnosis also differed by species (P = 0.02, CI = 2 – 16 years). 
The mean age of symptom onset for B. gilchristii was 40-years-
old, while the mean age for B. dermatitidis was 49-years. No 
co-morbidities were significantly associated with either species. 
Patients with B. gilchristii were more likely to be hospitalized 
than those with B. dermatitidis [48 (60%) versus 11 (28%)]  
(P < 0.01, CI = 13 - 48%). 

Of the symptoms reported, B. gilchristii was more likely to 
cause a fever than B. dermatitidis (P < 0.001, CI = 25 - 63%), 
with 63 (79%) patients with B. gilchristii reporting this 
symptom compared to 14 (35%) patients with B. dermatitidis. 
The only other symptom that differed significantly between 
Blastomyces species was the presence of skin lesions, indicating 
dissemination to the skin as previously described. For diagnosis, 
consolidation, infiltrate, or opacity of the lungs observed via 
chest radiograph was more often found in patients with B. 
gilchristii [73 (91%)] than B. dermatitidis [27 (68%)] (P < 
0.01, CI = 12 – 64%). This difference was not significant when 
consolidation was observed via CT scan [B. gilchristii: 40 
(50%), B. dermatitidis: 18 (45%), P = 0.75, CI = 16 – 26%].

We next used lasso regression to assess combinations of 
variables and their ability to predict Blastomyces genotype. Of 
the variables found to be significant in univariate analysis, only 
presence of a fever and skin lesions were predictive of 
Blastomyces species in the lasso regression model (fever: P < 
0.05, skin lesions: P < 0.05). Hospitalization was not significant 
at P = 0.06. 

Discussion
Symptom severity in blastomycosis can span anywhere from 
asymptomatic to fatal disease, but the underlying cause of this 
range of clinical outcomes has not yet been described. We 
genotyped a set of 550,601 variable SNPs from a cohort of 
patients with blastomycosis in the Marshfield Clinic Health 
System to test the hypothesis that the genotype of the human 
host would be associated with disease severity in blastomycosis. 
We did not find variability in any genetic factors correlated 
more or less severe blastomycosis. However, we did find the 
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