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Urine Antigen Testing is Equally Sensitive to
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Introduction: Blastomycosis is endemic in Wisconsin with Blastomyces dermatitidis and B. gilchristii
responsible for infections. Urine antigen testing is a non-invasive diagnostic method for blastomycosis with
up to 93% test sensitivity. However, the test’s sensitivity has not been evaluated with relationship to B.
gilchristii infections.

Methods: We aimed to assess physician use of the urine antigen assay and its sensitivity to B. gilchristii
and B. dermatitidis infections in a retrospective study. Culture confirmed clinical cases of blastomycosis from
2008-2016 were identified within Marshfield Clinic Health System (MCHS) and UW Hospital and Clinics
(UWHC) medical records. Clinical data were abstracted from each medical record and included the
following: patient demographics, presence of immune compromising and underlying medical conditions,
treatment drugs, presence of isolated pulmonary or disseminated disease, death, urine antigen testing,
timeframe of testing, and quantitative test values (EIA units or ng/mL).

Results: A total of 140 blastomycosis cases were included in this study, with MCHS contributing |14
cases to the study and UWHC contributing 26 cases. The majority of UWHC cases (n=22; 85%) were
caused by B. dermatitidis and the majority of MCHS cases (n=73; 64%) were caused by B. gilchristii. UVWHC
physicians were significantly more likely to treat with multiple drugs during the course of infection and
were more likely to prescribe amphotericin B and voriconazole. Urine antigen testing was more frequently
used at UWHC (n=24; 92%) than MCHS (n=51; 45%; P < 0.00001). In this study, the urine antigen assay
demonstrated 79% sensitivity. Sensitivity was significantly associated with the timeframe of testing (P <
0.05), with most true positive urine antigen tests (83%) being performed < 7 days from diagnosis. In this
study, the urine antigen assay was capable of detecting both B. dermatitidis and B. gilchristii at about equal
sensitivity. Urine antigen concentration (ng/mL) trended higher in B. dermatitidis infections.

Conclusion: This study found that the urine antigen assay is capable of detecting both species of
Blastomyces at about the same sensitivity. VWe recommend continued use of the urine antigen assay for
diagnosis of blastomycosis and recommend that the assay be used early in the diagnostic process to
minimize the chance of false negative results.
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caused by inhalation of Blastomyces spp. spores or

hyphal fragments. Once inhaled, spores and hyphae
undergo a thermally regulated dimorphic switch to yeast.'
Clinical manifestations are primarily pulmonary, but extra-
pulmonary dissemination to other organs is common.*?
Disseminated disease, respiratory failure, and death can occur
in both immunocompetent and immunocompromised hosts.
Initial clinical presentation of pulmonary blastomycosis
resembles viral and/or bacterial pneumonia frequently
resulting in a delay of diagnosis, which may be associated
with worse clinical outcomes.*

Blastomycosis is a potentially lethal fungal infection

At least two Blastomyces spp. cause disease in Wisconsin,
USA with B. gilchristii more often associated with isolated
pulmonary disease and B. dermatitidis more likely to
disseminate.>® Despite established associations between
Blastomyces spp. and human clinical phenotype, identification
of the pathogen to the species level is not routinely performed
in clinical diagnostic settings.

The Blastomyces quantitative EIA antigen test (MiraVista
Diagnostics, Indianapolis, IN) was developed as an alternative
diagnostic method with shorter result turn-around time than
fungal culture.® The assay can be performed on multiple
specimen types including serum, plasma, urine, cerebrospinal
fluid, and bronchoalveolar lavage, although urine is most
frequently assayed clinically as it is an easy to obtain sample.
In 2015, Frost and Novicki’ demonstrated that the quantitative
version of the urine antigen test, updated in 2008,%° might be
useful to track response to therapy. Currently, we do not have
a good understanding of how frequently physicians use the
urine antigen assay to diagnose and/or track response to
therapy. The sensitivity of the urine EIA antigen test in
previous studies has ranged from 76-93%,%%1° but the assay
was developed prior to the discovery of B. gilchristii as a
cryptic species within B. dermatitidis.® The test’s sensitivity
with relationship to B. gilchristii infections has not been
documented in the literature. We aimed to assess physician
use of the urine antigen assay and its sensitivity to B.
gilchristii and B. dermatitidis infections in a retrospective
study.

Methods

Cases

Due to changes to the urine EIA antigen assay in 2008 to
make the test quantitative, cases included in this study were
from 2008 and after. Culture confirmed clinical cases of
blastomycosis from 2008-2016 were identified within
Marshfield Clinic Health System (MCHS), Marshfield, WI
and University of Wisconsin Hospital and Clinics (UWHC),
Madison, WI electronic medical records. Case inclusion
criteria were as follows: (1) laboratory confirmed diagnosis of
blastomycosis using standard culture methods; (2) Blastomyces
clinical isolate for each case was previously bio-banked and
available for genotyping; and (3) clinical data were available

for abstraction, including patient demographics, urine antigen
testing frequency, and quantitative assay results.

Data abstraction

Clinical data were abstracted as previously described from
each medical record.’ Demographics included, age at diagnosis,
sex, and race/ethnicity. Presence of immune compromising
conditions (ICC) included the following: HIV/AIDS diagnosis,
transplant recipient within one year, currently receiving
chemotherapy, and/or currently receiving immunosuppressive
therapy for an autoimmune disease. Underlying medical
conditions (UMC) included any ICC(s) listed above and the
following conditions: cancer, diabetes, hypertension,
hyperlipidemia/hypercholesterolemia,  hypothyroidism,
COPD, coronary artery disease, asthma, and renal insufficiency/
renal failure. All antifungal drug(s) used during the course of
treatment were abstracted for each case patient along with
death as an outcome. Patient infections were categorized as
isolated pulmonary or disseminated. Disseminated disease
was defined as extra-pulmonary infection anywhere outside
of, or in addition to, the lungs. We recorded physician use of
the urine antigen EIA assay, timeframe of testing (< 7 days
post diagnosis or >7 days post diagnosis), and quantitative test
values (EIA units or ng/mL). For MCHS cases, average length
of time (days) was calculated for time from symptom onset to
urine antigen testing. For the purposes of this manuscript, true
positive rate and sensitivity will be used interchangeably.

Isolate genotyping

Clinical isolates of Blastomyces were archived under IRB
approved bio-banking protocols at both Marshfield Clinic
Research Institute and UWHC. Blastomyces spp. genotyping
was performed for all cases. DNA from each cultured isolate
was extracted as previously described.’ At Marshfield Clinic
Research Institute, species typing of each isolate was performed
by either Sanger sequencing or SNP analysis'' of the internal
transcribed spacer 2 (its2) with species assignment being
based on a fixed nucleotide difference between B. dermatitidis
and B. gilchristii at position 19.° At UWHC, isolates were
assigned to species based on a previously established size
variation in the promoter region of BAD1.'*

Statistical analysis

Study variables including, patient demographics, infecting
species, dissemination of disease, treatment, death, physician
use and timeframe of the urine antigen EIA assay, and test
sensitivity were summarized overall and by Blastomyces spp.,
study site, and isolated pulmonary or disseminated disease
status. Sensitivity of the urine antigen EIA assay was compared
by Blastomyces spp., study site, disseminated or isolated
pulmonary disease, and testing timeframe. All comparisons
were made using Fisher’s exact test (Yates correction) with
significance defined as P <0.05. Urine antigen EIA quantitative
values, < 7 days post diagnosis (ng/mL), and age at diagnosis
were compared using the one-factor ANOVA test for
independent measures. Where multiple values were obtained
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Table 1. Study variables by Blastomyces spp., study site, and isolated pulmonary or disseminated disease status.

B. B. Isolated Dis-
dermatitidis gilchristii P value' MCHS? UWHC® Pvalue' pulmonary seminated P value'
(n=63) (n=77) (n=114) (n=26) (n=100) (n=40)
n (%) n (%) n (%) n (%) n (%) n (%)
MCHS? cases 41 (65) 73 (95) N/A N/A 87 (87) 27 (68)
UWHCS cases 22 (35) 4 (5) <0.00001 N/A N/A 13 (13) 13 (33) 0.00736
B. dermatitidis N/A N/A 41 (36) 22(85) 34 (34) 29 (73)
B. gilchristii N/A N/A 73 (64) 4 (15)  <0.00001 66 (66) 11 (28) 0.00004
Mean age 48 34 0.00008 39 43 39 43
Sex
Female 13 (21) 32 (42) 37 (32) 8 (31) 32 (32) 13 (33)
Male 50 (79) 45 (58) 0.00836 77 (68) 18 (69) 68 (68) 27 (68)
ICC(s)* 6 (10) 3(4) 6 (5) 3(12) 7(7) 2 (5)
UMC(s)® 42 (67) 38 (49) 0.03943 65 (57) 15 (58) 60 (60) 20 (50)
Disease Location
Isolated
Pulmonary 34 (54) 66 (86) 87 (76) 13 (50) N/A N/A
Disseminated 29 (46) 11 (14) 0.00004 27 (24) 13(50)  0.00736 N/A N/A
Treatment
Single drug 42 (67) 44 (57) 76 (67) 10 (38) 62 (62) 24 (60)
Multiple drugs 21 (33) 32 (42) 37 (32) 16 (62)  0.00642 37 (37) 16 (40)
Unknown 0(0) 1(1) 1(1) 0(0) 1(1) 0 (0)
Antifungal
medications
Amphotericin B 21 (33) 24 (31) 29 (25) 16 (62)  0.00038 28 (28) 17 (43)
Itraconazole 57 (90) 73 (95) 108 (95) 22 (85) 94 (94) 36 (90)
Voriconazole 5(8) 10 (13) 9(8) 6 (23) 0.02391 11 (1) 4 (10)
Fluconazole 2(3) 11 (13) 13 (1) 0(0) 11 (1) 2 (5)
Unknown 0 (0) 1(1) 1(1) 0 (0) 1(1) 0(0)
Urine antigen testing 36 (57) 39 (51) 51(45) 24 (92) 0.00001 53 (53) 22 (55)
<7 days post
diagnosis 28 (44) 30 (39) 38(33) 20(77) 43 (43) 15 (38)
>7 days post
diagnosis 8 (13) 9(12) 13 (11) 4 (15) 10 (10) 7 (18)
# of tests per case
patient
1 21 (33) 19 (25) 31 (27) 9 (34) 31 (31) 9 (23)
2-5 9 (14) 10 (13) 11 (10) 8 (31) 11 (1) 8 (20)
=6 6 (10) 10 (13) 9(8) 7 (27) 11 (1) 5(13)
Death 4 (6) 4 (5) 5 (4) 3(12) 6 (6) 2 (5)

Fisher’s exact test (Yates correction) with significance was defined as P < 0.05. Age at diagnosis was compared using the one-factor ANOVA
test for independent measures.

Marshfield Clinic Health System

University of Wisconsin Hospital and Clinic

Immune compromising conditions included the following: HIV/AIDS diagnosis, transplant recipient within one year, currently receiving
chemotherapy, and/or currently receiving immunosuppressive therapy for an autoimmune disease

Underlying medical conditions included any ICC(s) listed above and the following conditions: cancer, diabetes, hypertension, hyperlipidemia/
hypercholesterolemia, hypothyroidism, COPD, coronary artery disease, asthma, and renal insufficiency/renal failure
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<7 days post-diagnosis on the same patients, only the initial
positive value was used for this comparison. Values of > 14.7
(above limit of detection) were assessed as 14.7 for ANOVA
modeling.

Results

A total of 140 cases of blastomycosis, diagnosed from 2008-
2016, were included in this study. MCHS contributed 114
cases to the study, with UWHC contributing 26 cases.
Enrollment cases represented approximately 30% of total
cases seen annually at both sites individually. B. dermatitidis
was the cause of 63 cases (45%), and B. gilchristii was the
cause of 77 cases (55%). The age of patients at diagnosis
ranged from 3-93 years (median 39) and 95 (68%) were male.
UMC(s) and ICC(s), as defined in the methods section above,
were identified in 79 (56%) and 9 (9%) patients, respectively,
with data being unknown due to lack of medical history in 11
patients. Patients identified themselves by the following
racial groups: non-Hispanic White (n=103; 74%), Hispanic
White (n=6; 4%), African American (n=2; 1%), Asian (n=13;
9%), American Indian (n=7; 5%), unknown (n=7; 5%),
White, unknown ethnicity (n=1; 1%) , and biracial, non-
Hispanic White and African American (n=1; 1%).
Disseminated disease occurred in 40 cases (29%). Eight cases
(6%) resulted in death. Itraconazole was the most frequently
prescribed drug, with 93% of patients (n=130) receiving it at
some point in their illness. Fifty-three patients (38%) received
multiple antifungal medications throughout the course of
treatment. Urine antigen EIA testing was ordered by
physicians in 75 cases (54%), with multiple tests (2-18 tests/
case patient; average 6) performed in 35 cases (25%). Of
those patients tested, most were tested within < 7 days post-
diagnosis (n=58; 77%) and received only one test (n=40;
53%). Within the 75 true cases for which urine antigen EIA
testing was performed, 16 cases were negative, demonstrating
a 79% overall sensitivity rate.

Table 2. Urine antigen testing by study site over study
timeframe

MCHS' UWHS?

n (%) n (%)
2008 1 (7) N/A® N/A®
2009 5 (26) N/A3 N/A®
2010 12 (38) 2 (100)
2011 4 (57) 1 (50)
2012 9 (64) 2 (100)
2013 12 (75) 1 (100)
2014 5 71) 4 (100)
2015 2 (67) 5 (100)
2016 1 (25) 7 (88)
2017 N/A3 N/A® 2 (100)

' Marshfield Clinic Health System
2 University of Wisconsin Hospital and Clinic
3 No samples included from study site for that year

B. dermatitidis cases were more often associated with older
age, male sex, and presence of UMC than those caused by B.
gilchristii (Table 1). In addition, B. dermatitidis infections
were more likely to cause disseminated disease than B.
gilchristii infections. Fifty-eight cases (28 B. dermatitidis
cases and 30 B. gilchristii cases) had initial urine antigen EIA
testing within < 7 days post diagnosis. Of those, only 21 B.
dermatitidis cases and 14 B. gilchristii cases had quantitative
values in ng/mL within <7 days post diagnosis for comparison,
with the remaining being reported in EIA units. EIA
quantitative values for B. dermatitidis infections ranged from
0.41 to >14.7 (average 5.72) and for B. gilchristii ranged from
0.29 to 10.3 (average 2.68) (Supplemental data available
online). For these tests, ANOVA analysis revealed no
significant difference in initial positive urine antigen
concentration by infecting Blastomyces spp., although antigen
concentration trended higher in B. dermatitidis infections
than B. gilchristii infections (P=0.0519; Figure 1). Testing
timeframe (days) was also calculated with reference to
symptom onset for MCHS cases only. Within the 38 case
patients from MCHS that were tested within < 7 days post
diagnosis, the average time from symptom onset to testing
was 28 days (range 5-89, standard deviation [SD] 20, median
22). Within the 13 MCHS patients tested > 7 days post
diagnosis, time from symptom onset to testing varied greatly
ranging from 23 to 519 days (average 137, SD 137, median
100) for the following reasons: delayed diagnosis, rule out of
reoccurrence, or use of the assay for testing at the midpoint or
endpoint of treatment.

Cases caused by the two species were significantly different
(P<0.00001) by study site with the majority of UWHC cases
(85%, n=22) being caused by B. dermatitidis and the majority
of MCHS cases (64%, n=73) being caused by B. gilchristii
(Table 1). UWHC also had significantly more cases of
disseminated disease as compared to MCHS. UWHC
physicians were significantly more likely to treat with
multiple drugs during the course of infection and were more
likely to prescribe amphotericin B and voriconazole, with
MCHS physicians observationally using fluconazole more
than UWHC. Urine antigen testing was more frequently used
at UWHC (n=24, 92%) than MCHS (n=51, 45%; P <
0.00001, Table 1), which did not vary much over the years of
the study (Table 2). UWHC physicians also tended to test
earlier and more frequently throughout treatment; presumably
to track response to therapy.

In this study, the urine antigen assay was capable of detecting
both B. dermatitidis and B. gilchristii at about the same
sensitivity (Table 3), with no difference in test sensitivity by
species or study site. Sensitivity trended higher in isolated
pulmonary cases versus disseminated cases. Sensitivity was
significantly associated with the time of testing (P = 0.0071),
with most true positive urine antigen EIA tests (83%) being
performed < 7 days of diagnosis. In addition, false negative
test results trended higher in cases of disseminated disease
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Figure 1. Urine antigen EIA concentration (ng/mL, < 7 days of diagnosis) by B. gilchristii and B. dermatitidis infections compared
using the one-factor ANOVA test for independent measures. The interquartile range box represents the middle 50% of date with
the line inside the box representing the median. Upper and lower whiskers extend from the minimum to maximum data point

with outlier data indicated as a dot beyond the whisker.

(Table 3), but this did not seem to be due to disseminated
cases being tested later in the course of disease (Table 1).

Discussion

Despite the usefulness of the urine antigen EIA test, until now
the sensitivity of the assay to detect B. gilchristii infections
had not been evaluated. We aimed to assess physician use of
the urine antigen assay and its sensitivity to B. gilchristii and
B. dermatitidis infections independently in a retrospective
study.

An unexpected finding in this study was that the Blastomyces
spp. varied significantly by study site, with cases at UWHC
more frequently caused by B. dermatitidis. This may be due
to slightly different, although overlapping, endemic regions
of B. gilchristii and B. dermatitidis as previously described by
Brown et al’ Although in order to truly understand the
geographic distributions of these two pathogens, it would be
necessary to obtain geo-coded exposure locations for
individual case patients. UWHC also saw significantly more
disseminated disease than MCHS, likely due to previously
established association between B. dermatitidis and
disseminated disease,’ that are corroborated by this study
(Table 1).

In this study, physicians used the urine antigen assay in about
half (54%) of blastomycosis cases, although UWHC
physicians used it at a much higher rate than MCHS
physicians. UWHC physicians also tended to use the test
earlier in the disease course (< 7 days post-diagnosis) and
more frequently throughout treatment, presumably to monitor
disease progress and response to therapy. In addition, UWHC
physicians were more likely to prescribe multiple antifungal
drugs over the course of treatment and used amphotericin B
and voriconazole more frequently than did MCHS physicians.
Fluconazole use trended higher in MCHS cases. It is important
to note that the small number of cases included from UWHC
could, inflate any study site differences we observed.
Alternatively, case patients that present at UWHC may be
more likely to be seen by a specialty physician (due to the size
of the health system and potential for complex case referrals)
who may more routinely use urine antigen testing and change
antifungal drug based on response to therapy than a primary
care physician.

We observed comparable urine antigen EIA test sensitivity to
previous published studies, although much variability has
been observed across studies.™'° As we observed in the
current study, testing timeframe had a significant impact on
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the assay’s sensitivity and may be one of the reasons for
reported variations in sensitivity. As reflected by a closer look
at time from symptom onset to testing in patients with testing
> 7 day from diagnosis in only MCHS cases, this category
reflects cases with significant delays in diagnosis. Several of
these previous studies had samples obtained “at the time of
initial diagnosis/newly diagnosed.”®!* However, the present
study includes cases in which testing was delayed. A more
recent study comprised mostly of Wisconsin case patients
reported 87.9% sensitivity, but when sensitivity was calculated
based on culture positive cases (positive predictive value), as
was done in the present study, sensitivity was 76.3%.'

We found that the urine antigen assay is capable of detecting
both species of Blastomyces at about the same sensitivity.
This may have been somewhat expected due to its previously
recognized cross-reactivity of the assay to Histoplasma
capsulatum. B. gilchristii and B. dermatitidis ostensibly are
more antigenically similar to each other than to H. capsulatum
and therefore sensitivity should be equivalent between
species. Nonetheless, this was a clinically relevant question
that directly impacts the diagnosis of this important fungal
disease so pursuing it was crucial.

The concentration of urine antigen in patients infected with B.

dermatitidis trended higher than patients infected with B.
gilchristii. Although this finding was not significant, we feel

Table 3. Sensitivity of the Urine Antigen Assay

n (%)
Species B. dermatitidis
True positives 26 (72)
False negatives 10 (28)
Unknown 0 (0)
Total cases 36 (100)
Study site MCHS
True positives 38 (75)
False negatives 12 (24)
Unknown 1(2)
Total cases 51 (100)

Disease location

True positives 43 (81)
False negatives 9(17)
Unknown 1(2)
Total cases 53 (100)

Testing timeframe

True positives 48 (83)
False negatives 9 (16)
Unknown 1(2)
Total cases 58 (100)

Isolated pulmonary

< 7 days post-diagnosis

that our analysis may have been limited by the small number
of urine antigen positive case patients, with testing performed
< 7 days of diagnosis in this study (n= 35). Higher antigen
concentration in patients infected with B. dermatitidis could
indicate differences in pathogenicity. Previous studies have
shown that B. dermatitidis infections are more likely to cause
disseminated disease. Perhaps the more systemic nature of
these infections results in higher antigen detection in the
urine. A larger study would be necessary to determine if urine
antigen concentration is significantly different in B. gilchristii
and B. dermatitidis infection and what infection and host
factors influence it. In addition, it is not clear how physicians
interpret antigen concentration values or its clinical relevance
on disease progression. We plan to explore these questions
further in future studies.

We believe this study has several strengths. Access to
blastomycosis cases from two separate health care systems
provided enough statistical power to detect a difference
across most variables assessed in this study. The demographic
and clinical data available on these cases allowed for
description and evaluation of diagnostic practices not
previously described. That being said, this study was limited
by the retrospective nature. Furthermore, our statistical power
was limited to assess significance in some comparisons due
to the small number of cases. Despite this, we provide the
first evaluation of the sensitivity of the urine antigen EIA test
to B. dermatitidis and B. gilchristii infections.

n (%)
B. gilchristii
31 (79)
7 (18)
1(3)
39 (100)

UWHC

19 (79)
5 (21)
0 (0)

24 (100)

P value’

Disseminated
14 (64)
8 (36)
0 (0)
22 (100)

> 7 days post-diagnosis
9 (53)
8 (47)
0 (0)
17 (100)

0.0071

' Fisher’s exact test (Yates correction) with significance defined as P < 0.05.
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Conclusion

This study found that the urine antigen assay is capable of
detecting both species of Blastomyces at about the same
sensitivity. We recommend continued use of the urine antigen
assay for diagnosis of blastomycosis and recommend that the
assay be used early in the diagnostic process to minimize the
chance of false negative results.
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