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Objectives: Identification of the causal antigen for patients with hypersensitivity pneumonitis (HP) is
challenging in a standard clinical setting. The purpose of this pilot study was to determine whether it
was possible to evaluate the home/workplace of patients, and identify the causal antigen.
Methods: Using a case-control study design we compared the presence of antibody to antigen collected
in the environment of individuals with HP and controls consisting of family members/co-workers. Based
on patient interviews, homes/workplaces were evaluated and suspected sources of antigen collected for
use in immunoassays.
Results: Nineteen individuals with HP participated with 15 classified as having fibrotic disease. Up to 54
bulk samples were collected from each patient's environment, with multiple isolates (antigens) cultured
from each. Of the seven individuals who tested positive to one or more environmental samples, three had
a positive response to more than 1 antigen from the environmental sample (range 1-9). Twelve in-
dividuals tested positive to antigen(s) on a standard panel, with only one overlapping with the antigen
from the home/workplace sample. A significant association existed between results of interviews/site
evaluations, and ability to collect antigen eliciting a positive response (p < 0.001).
Conclusion: Antigen identification was successful for patients with ‘active’ disease. Antigens for which
patients test positive on standard panels may not be present in their environment. One benefit to
patient-centered testing is the ability to develop recommendations specific to their environment. As
most individuals tested positive for >1 antigen, further investigation is warranted to determine the
actual antigen responsible for disease.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

pulmonary fibrosis. HP has been described in workers in multiple
occupations such as farmers, pigeon breeders, and metal machin-

Hypersensitivity pneumonitis (HP) is a well characterized res-
piratory disease that is the result of an immune response to inhaled
organic antigen (e.g. Thermoactinomyces candidus) or low molecular
weight chemicals (e.g. isocyanates) [1—4]. If the antigen is identi-
fied and removal from exposure occurs prior to the initiation of
fibrotic changes, it is possible for the disease to resolve. With
repeated exposure, the disease may progress to end stage
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ists [2] and from environmental exposures related to hot tubs,
humidifiers and water damaged homes [3]. Over 200 antigens have
been identified as causal agents for HP [5]. Typically these antigens
have an aerodynamic diameter of 1—3 microns, small enough to
penetrate into the lower airways upon inhalation [1,2,5,6]. Preva-
lence has been reported to be as great as 5—15% among individuals
who are known to have been exposed to antigens associated with
the disease [7]. HP has been described in multiple countries [8—11],
and a study in the United States showed a significant increasing
trend in the overall age-adjusted mortality rates between the years
of 1980 and 2002, with the highest mortality rate occurring in
Wisconsin at 1.04 per million [12].
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Diagnosis is often difficult. Multiple diagnostic criteria have
been proposed [13—15]. A common component of the proposed
diagnostic criteria is the identification of the etiologic agent by
history and/or detection of antibody. More recently, some centers
have begun doing specific antigen challenge testing [16]. Although
corticosteroids are used to treat HP, the most effective treatment is
removal of the patient from exposure to the causal antigen; how-
ever, frequently the causal antigen cannot be identified nor
confirmed [17]. Results for standard clinically available serum-HP
screening antigen panel, which allows testing for IgG antibodies
in the patient's serum against (up to) eight antigens or more
extensive panels that include 12 antigens or up to six additional
antigens for bird protein, are often negative. At present, clinicians
do not have access to testing that allows them to individualize the
panel to the actual exposure of their patients.

The purpose of this pilot study was to evaluate HP patients’
home and work environments and to collect and isolate antigens
from these environments important in the etiology of the patient's
HP.

2. Methods
2.1. Experimental design

This investigation was approved by the Michigan State Univer-
sity Human Research Protection Program (Biomedical and Health
IRB) and the University of Michigan Health System IRB. All study
subjects and controls provided informed consent. This was a pilot
‘proof-of-concept’ study developed to determine whether it was
possible to collect samples from a subject's home/workplace and
test whether these samples contained antigens against which the
patient sera contained antibodies. A case-control study design was
developed to compare the presence of antibodies to the suspected
antigen(s) causing the patient's HP with a control group consisting
of co-workers and/or family members.

2.2. Subject identification

Subjects were identified from referrals to the University of
Michigan (n = 17) or Michigan State University (n = 2). The diag-
nosis of HP was determined at the University of Michigan inter-
stitial lung disease multi-disciplinary clinical-radiographic-
pathologic conference following American Thoracic Society guide-
lines for the diagnosis of interstitial lung disease [18]. The two
subjects from MSU met clinical criteria for HP [13]. Subjects were
classified as ‘definite’ with diagnostic surgical lung biopsy or
‘probable’ with consistent radiographic and bronchoscopic evalu-
ation. Further sub-classification included ‘fibrotic’ based on surgical
lung biopsy or radiographic characteristics in those without biopsy,
versus ‘inflammatory,’ the lack of fibrotic changes [17,19—21]. Each
case was asked to identify one control, either a family member or
co-worker, depending on the most likely suspected source of the
exposure.

2.3. Environmental sampling, sample collection, and laboratory
testing

Environmental sampling took place at each case's home and/or
workplace based on patient interviews using a standardized
questionnaire. The sampling protocol was standardized but
remained flexible in order to maximize the possibility of collecting
and subsequently identifying the offending antigen(s). If, based on
the interview and site visit, it was suspected that the subject was
likely no longer exposed to the offending antigen, or that it was not
possible for sampling to occur at the likely source of the suspected

offending antigen (i.e. a vacation home out of state), samples were
still collected from the home/workplace, but a notation was made
that samples ‘were not able to be collected from the suspected
source’. Because of budget constraints a hierarchical scheme of
analysis was developed. All cases had their serum tested against the
standard HP antigen panel, and against samples collected from
their workplace/home. If the case's serum tested positive to antigen
collected in the sample, determination of the specific antigen
contained in that sample was performed. If we were unsuccessful in
identifying the offending antigen(s) in the first set of samples, we
re-visited the case's workplace and/or home to collect additional
samples.

Only those cases who had antibodies either to the standard HP
panel or to antigen collected from their workplace/homes had the
sera of their matched control subject tested, the rationale being
that if the case did not produce antibodies to antigens collected in
their work/home environment, we would not have identified the
offending antigen(s) for that particular HP case, and testing referent
sera would be futile.

2.3.1. Environmental sampling — questionnaire

The ‘work environment questionnaire’ included: previous
employment history, length of time at current job, job classifica-
tion, task description, types of chemical materials utilized, type of
ventilation, knowledge of other worker complaints, and the avail-
ability of industrial hygiene and medical monitoring results. In-
formation captured by a ‘housing questionnaire’ included: length of
time lived in the home, age of structure, type (i.e. ranch style, bi-
level, etc.), construction (i.e. brick, wood, etc.) and history and lo-
cation(s) of water damage/leaks, types of HVAC systems utilized
(i.e. forced heat, air conditioner, etc.), use of a humidifier, type(s) of
flooring, ventilation preferences, rural or urban environment,
description of landscaping, hobbies performed at residence (or
elsewhere), and number and type(s) of pets.

2.3.2. Environmental sample collection procedures

Sampling locations were determined based on responses to the
questionnaires. Environmental sampling focused on the collection
of contaminants (fungal, bacterial, or chemical) which had the
potential to become airborne. Therefore, media with which to
collect the samples varied based on contaminant/substrate type.
Sampling consisted of wipe sampling from ledges, sampling of
liquid materials from bulk fluid tanks/humidifier reservoirs, micro-
vacuum sampling of carpeting or air vents, swab sampling of wall-
board, or the collection of bulk samples from furnace filters and
soil/debris. Each environmental sample was suspended in 2%
tryptone-20% glycerol (designed to support viability of microbial
contaminants) and then split into multiple aliquots. One aliquot
was stored frozen at —20 °C for use in immunoassays and the
remaining aliquots were stored frozen at —80 °C for subsequent
culture for bacteria and fungi.

2.3.3. Blood collection procedures

Fifteen milliliters of blood were collected from all cases and
controls by a trained phlebotomist. If blood had not already been
collected for a standard HP antigen panel by the referring physician,
collection was done at the same time.

2.3.4. Commercial laboratory testing

Clinical laboratories provided a standard HP panel which uti-
lized immunodiffusion to measure IgG antibodies to multiple an-
tigens. The standard HP panel was performed by multiple
laboratories unless it had not been performed as part of the pa-
tient's clinical care and we ordered the test as part of our project.
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2.3.5. Immunodiffusion

All cases had their serum evaluated for antibodies against an-
tigens in the environmental samples collected in their home/
workplace. The first step in the ‘global’ assessment of whether or
not a case reacted to a particular environmental ‘agent’ (e.g. mi-
crobes from water in a humidifier reservoir), was to utilize an
immunodiffusion technique [5] in which the case's serum was
tested against each of the environmental samples. Samples were
evaluated as collected and were also prepared by ultrasound
dissolution [22]. These soluble materials were used as “antigen” in
an immunodiffusion assay carried out on agar-coated microscope
plates with patient serum from the corresponding case. Evidence of
immunologic recognition between antigen in the environmental
sample and immunoglobulins in the serum was noted by the
presence of a precipitin band following staining [23]. When the
case's serum reacted to one or more of the environmental samples,
the serum of their designated control was tested against the same
sample.

2.3.6. Isolation and testing of microorganisms from environmental
samples

After initial serum precipitin testing, it was possible there were
multiple samples which yielded positive results against the asso-
ciated case's serum. The initial immunodiffusion assays tested the
case's serum with a sample that potentially contained multiple
antigens, many of which were predicted to be associated with
specific microorganisms. To isolate individual bacteria and fungi,
each sample that had tested positive was cultured on Sabouraud
medium (saprophytic fungi) and trypticase soy agar (bacteria) at
20°C, 37 °C, and 55 °C for up to 10 days. Plates were screened daily
and individual colonies were selected and subcultured until pure
cultures were achieved. Each pure culture was suspended in 2%
tryptone-20% glycerol; one aliquot was archived at —80 °C for
subsequent culture and a second was prepared as described above
for environmental samples. The immunodiffusion assay was
repeated with each pure culture against patient serum to identify
reactivity against individual microorganisms. Environmental sam-
ples which did not react with patient serum, i.e., did not contain
reactive antigens, were not subcultured.

Individual microorganisms for which the patient had a positive
reaction by immunodiffusion assay were identified to at least the
genus level. Bacteria were cultured and stained, and cell
morphology and gram reaction, as well as colonial morphology
recorded. For each bacterial sample, 2—3 colonies were suspended
in 20 pl of 50 mM NaOH and the sample incubated at 95 °C for
10 min to lyse the bacterial cells. This cell lysate was used as tem-
plate in a PCR reaction with universal 16s rDNA primers [24] and
the resulting PCR product sequenced and compared to the bacterial
16s rDNA database at the Ribosomal Database Project [25,26] to
identify each organism. Sequencing was performed at the Michigan
State University Research Technology Support Facility.

Fungi were identified by morphologic characteristics of organ-
isms grown on Sabouraud's medium and in slide culture, in
consultation with Dr. A. Leonel Mendoza, a fungal expert at Mich-
igan State University.

2.3.7. Immunoblot analysis

To prepare antigens used for immunoblot analysis, isolates of
Cladosporium and Penicillium were grown on Sabouraud agar at
20 °C and Thermoactinomyces vulgaris was grown on tryptic soy
agar at 55 °C. Fungal or bacterial colonies were scraped from the
agar and dense suspensions made in 2% tryptone-20% glycerol.
Aliquots of these suspensions were mixed with SDS-PAGE sample
buffer and the mixture boiled for 10 min. Samples were separated
by discontinuous SDS-PAGE on 12% acrylamide gels [27]. Gels were

either stained with Coomassie blue to visualize antigens, or the
proteins were electrophoretically transferred onto nitrocellulose
membranes for immunoblot analysis [27]. Blots were incubated
with patient sera diluted 1:200 in TBST (10 mM Tris—HCI, pH 8,
150 mM NacCl, 0.05% Tween 20) and developed with horseradish
peroxidase-tagged protein A and NiCl-diaminobenzidine color
development reagent (BioRad).

2.4. Data analysis

Sample size for this pilot study was limited based on the amount
of funds available and the costs of laboratory testing. Each subject's
data file was complete (no missing data). Fisher's Exact Test was
used to determine the association between testing positive on a
standard HP Panel Test and antigen collected during home/work-
place environmental sampling. This same test was also used to
determine the association between the ‘suspected antigen source’
identified during the home/workplace visit, and the ability to
collect antigen testing positive with the subject's serum. Pearson's
correlation coefficient was utilized to determine whether there was
correlation between results from immunoblot, immunodiffusion,
and standard HP Panel tests. All analyses were performed utilizing
SAS®© version 9.4.

3. Results

Nineteen individuals with ‘definite’ or ‘probable’ diagnoses of
hypersensitivity pneumonitis were included in the study (Table 1).
Of these, 7 (36.8%) were male, 12 (63.2%) were female, and ranged
in age from 36 to 74 years. All (100%) study subjects had undergone
CT evaluation, 3 (16%) had undergone trans-bronchial biopsy, 11
(58%) surgical lung biopsy, and 4 (21%) bronchoscopy prior to
referral. Four individuals were classified as ‘inflammatory’ HP and
15 were classified as having ‘fibrotic’ HP. Time between onset of
symptoms to HP diagnosis ranged from less than 1 year (10.5% of
individuals) to greater than 3 years (Table 1.) with the largest per-
centage of individuals (47.4%) falling into the 1—3 year category.

Up to 54 (range 6—54, median = 15) ‘bulk’ samples were
collected per patient from homes and/or workplace(s) (Table 3),
with up to 54 discrete isolates (antigens) cultured for each ‘bulk’
sample. Seven of the 19 patients (36.8%) had a positive response to
one or more sample(s). All were from their home or other location
of ‘significant activity’ but none were from the workplace. Six of
these seven individuals tested positive for 1 to 9 different micro-
organisms isolated from their environmental samples on immu-
noassay (Fig. 1); no reactive microorganisms were isolated from the
positive environmental sample for the seventh patient. A total of 16
discrete antigens were identified as yielding a positive reaction
with patient sera (Table 2).

Table 1
Characteristics of study population.

Gender: (%Total, n = 19)
Male 7 36.8%
Female 12 63.2%

Age (range) 36—-74

HP diagnosis
Definite 12 63.2%
Probable 7 36.8%

Type:

Inflammatory 4 21.1%
Fibrotic 15 78.9%

Time between onset of symptoms and diagnosis (in years):
<1 2 10.5%
1-3 9 47.4%
>3 8 42.1%
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Table 2

Microorganisms identified as antigens testing positive against patient sera in pre-
sent study and whether or not a positive antibody response was previously asso-
ciated with HP.

Microorganism Prior reports of

positive antibody

Number of patients
with positive

response reactions
Bacteria
Acinetobacter calcoaceticus + [28] 1
Arthrobacter spp. + [29] 1
Bacillus spp. (including B. pumilis,  + [30,31,32] 4
megaterium, safensis, subtilis,
and thuringiensis)
Brevibacterium spp. — 1
Enterobacter spp. - 1
Enterobacteriaceae (unidentified)  + [29] 1
Paenibacillus spp. - 1
Pseudomonas spp (including +[30,33] 2
P. fluorescens, putida,
and rhizosphaerae
Rahnella aquitilis - 1
Staphylococcus spp. (including — 2
S. saprophyticus and succinus)
Thermoactinomyces vulgaris + [34-50] 1
Fungi and Yeasts
Cladosporium spp. + [51-55] 2
Fusarium spp. + [56—61] 1
Penicillium spp. + [56,61-66] 2
Rhodotorula spp. + [35,67,68] 1
Scopulariopsis spp. + [69,70] 1

No positive samples were identified in the two individuals for
whom workplace exposure was suspected by the referring physi-
cian and where workplace sampling took place.

Nineteen individuals had serum tested against a ‘standard’ HP
panel utilized by commercial laboratories (Table 3). Twelve (63.2%)
had positive test results to one or more antigens (Table 3). Of the 12
that had a positive test on the ‘standard’ HP panel(s), 7 (58.3%)
tested positive to more than 1 antigen (range 1—5 pos. antigens)
(Table 3). Among these 12, six had a positive response to antigen
isolated from environmental samples (Table 4).

If a subject was positive on a standard HP panel, there was a
non-statistically significant increased chance (OR = 6.0, 95% CI
(0.54—66.17), p = 0.17) that they were also positive on a home visit
sample. In only one instance was there an antigen match between
the ‘standard’ HP panel with the antigen isolated from home/
workplace sampling (Penicillium spp.). Among the seven in-
dividuals with negative results on the commercial panel, one in-
dividual had a positive result to an antigen isolated from
environmental sampling (Table 4).

There were eight subjects based on the interview and site visit
for which it was thought access to antigen (sample collection) was
possible at the time blood was collected for antibody testing. Of
these eight, seven individuals had a positive antibody response to
samples collected from their environment. In the nine individuals
that it was unlikely the patient had ongoing exposure to the
offending antigen (e.g. job cessation or home remediation prior to
visit) and in the two individuals where antigen exposure although
intermittently ongoing was not occurring at a location that could be
sampled (e.g. tropical rain forest), none had a positive antibody
response to samples collected from their home or work environ-
ment (p < 0.001) (Table 3).

Of the seven control subjects matched with the seven cases who
tested positive to antigens collected in their environment, one
tested positive on the ‘standard’ HP panel, and one tested positive
to an antigen isolated from samples collected in the home. In both
of the two control subjects with a positive result the antigen was
different than the positive result in their matched HP case.

Because there was frequently a discrepancy between our
immunodiffusion results and the commercial HP panel results, we
sought to further characterize the immune response of seven pa-
tients to a subset of the antigens commonly identified. Immuno-
blots were performed with selected patient sera against
Cladosporium, Penicillium, or Thermoactinomyces vulgaris (Fig. 2)
cultured from environmental samples. Our results showed a cor-
relation between results of immunodiffusion and immunoblot tests
(p < 0.04), and no correlation between immunodiffusion and
immunoblot results with those of the HP panel (Table 5). In three
cases, a reaction against an antigen that was not cultured from the
patient environment (Thermoactinomyces) was detected by
immunoblot.

4. Case report

A nonsmoking man in his forties developed respiratory symp-
toms in his early 30s. Initially, he was diagnosed as having asthma
although no pulmonary function testing was performed. He used a
bronchodilator intermittently. Fifteen years later he experienced
shortness of breath when he was in the Rocky Mountains at which
time he had a chest radiograph, which was abnormal and he was
diagnosed with high altitude pulmonary edema. His shortness of
breath persisted after his return to Michigan. Further testing
continued to show an abnormal chest radiograph. Pulmonary
function tests and open lung biopsy was performed. The pathology
was consistent with HP.

He had a management position, which required frequent travel
to printing plants. He noted increased symptoms when he was
home. His home had two episodes of water damage.

On spirometry, his FVC was 3.25 L (63% of predicted), his FEV
was 2.78 L (72% of predicted). The FEV/FVC ratio was 86% (114% of
predicted). His residual value was 1.14 L (52% of predicted) and total
lung capacity was 3.77 L (51% of predicted). His diffusion capacity
was 21.56 ml/min/mmHg (66% of predicted). On chest radiograph
he had “hazy increased interstitial ground glass opacities” in both
mid-lungs and subtle diffuse ground glass opacities in both lungs
on CT.

On a commercial hypersensitivity panel IgG antibodies were not
elevated to Aspergillus fumigatus, Micropolypora faeni or Thermoac-
tinomyces vulgaris. Tests for rheumatoid factor, anti-nuclear antibody
and anti-scleroderma antibody were negative. Bronchial lavage fluid
showed 11% neutrophils, 54% lymphocytes and 35% histocytes.

Review of his job description, time spent in the field, assigned
tasks (primarily sales), and chemicals identified by review of ma-
terial safety datasheets from printing plants he visited did not
identify a likely association between an exposure at the workplace
and HP. Travel (time spent in a hotel) was noted as a potential
source of antigen exposure as the interview between the patient
and physician indicated that symptoms and a diagnosis of high
altitude pulmonary edema occurred during a ski trip in which the
patient was residing in an older “musty smelling” cabin. He
mentioned he had not experienced issues with altitude on previous
ski vacations, and that indeed symptoms did not improve on return
to lower elevation.

Water damage and mold was not apparent during a tour of his
home. The home was clean and little dust was present. Water
remediation in the basement occurred prior to the home sampling
visit. The patient reported that he did not spend much time in the
basement, however it was noted that the furnace was located in the
basement and therefore return air moving through the area would
be captured by the ventilation system and dispersed throughout
the home. As a result, and while environmental samples were taken
throughout the home, the focus of antigen collection occurred in
the basement.



Table 3

Summary of likelihood of diagnosis, exposure suspected by physician, results of standard HP panel, and home/workplace antigen collection outcome in subjects with disease.

ID Likelihood of Type Exposure suspected by Std HP panel outcome # bulk samples  Suspected antigen (home/ Home/Workplace antigen Comments

diagnosis physician (#Pos) Wkplace visit) collection (#pos)

01 Definite Fibrotic Metalworking Fluids 3 54 Metalworking Fluids or 3 Bulk Samples Pos Antigen ID on Farm 1
(work) or Aspergillus (early Mold (Farm) 7 Antigens (Arthrobacter, common antigen ID
sputum smear) Bacillus, Enterobacter, between HP Panel and

Pseudomonas, Home/Workplace
Staphylococcus, Collection
Penicillium, Scopulariopsis
04  Probable Fibrotic None 3 20 Country Farmhouse 1 Bulk Sample Positive Antigen Collected
(Remodeling/Landscaping) 1 Antigen (Bacillus) from Garden at Secondary
Home (Farmhouse)
07 Probable Fibrotic None 1 30 Family Farm 5 Bulk Samples Currently still exposed
9 Antigens ( Bacillus, (declining PFT)
Pseudomonas,
Paenibacillus, Rahnella,
Fusarium, Rhodotorula,
Cladosporium, Penicillium,
unidentified yeast
08  Definite Fibrotic Parrot 0 22 Mold in home 1 Bulk Sample Not able to collect samples
0 Antigens cultured from from suspected source
positive bulk sample

09  Probable Fibrotic Bird Exposure 1 30 Mold in Silage (Clean out of 5 Bulk Samples Several positive samples
(Home) Relatives Farm), Bird Exp 4 Antigens (Bacillus, taken from farm (hayloft,

Brevibacterium, floors), and personal

Staphylococcus, garden. Straw from farm

Thermoactinomyces) was mulched and used in
home garden.

*10  Definite Fibrotic None 1 10 Isocyanates, Metalworking 0 Bulk Samples Not able to collect samples
Fluids from suspected source

*11  Definite Fibrotic None 0 10 Mold in home 0 Bulk Samples Not able to collect samples

from suspected source

12 Probable Fibrotic None 4 18 Mold in home 2 Bulk Samples Positive samples taken

1 Antigen (Acinetobacter) from bathroom and
household vacuum cleaner

*13  Probable Fibrotic None 0 13 Mold in Travel Trailer 0 Bulk Samples Not able to collect samples

from suspected source

14 Definite Fibrotic None 0 17 Exposure to Chemicals in 0 Bulk Samples Not able to collect samples
R&D Lab from suspected source

15  Probable Fibrotic None 1 14 Vacation site (rainforest), 0 Bulk Samples Not able to collect samples
frequently visited from suspected source
attraction

*16  Definite Fibrotic None 0 15 Workplace exposures 0 Bulk Samples Not able to collect samples
(cleaning of homes and from suspected source
businesses)

17  Definite Fibrotic Farm 0 12 Garage/Barns (tractor 0 Bulk Samples Sampling took place in
hobbyist) winter months, likely not

able to collect sufficient
antigen.

*18  Probable Fibrotic None 3 23 Basement prior to mold 0 Bulk Samples Not able to collect samples
remediation/School from suspected source
building

*03  Probable Fibrotic None 3 10 Garden 0 Bulk Samples Not able to collect samples

from suspected source
(unable to access garden in
winter months)

Total (Fibrotic)  15/19 (79%) Fibrotic 9/15 (60%) pos HP Panel 6/15 (40%) pos Home/ 9/15 (60%) Unable to

Workplace Sampling

collect samples from
suspected source.

(continued on next page)
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Table 3 (continued )

Comments

Home/Workplace antigen
collection (#pos)

Suspected antigen (home/
Wkplace visit)

# bulk samples

Std HP panel outcome

(#Pos)

Exposure suspected by

physician

Type

Likelihood of
diagnosis

ID

1 Bulk Sample

Mold in Home

None

Inflamm

Definite

1 Antigen (Cladosporium)

0 Bulk samples

Not able to collect samples
from suspected source

Daughter's Home

10

None

Inflamm

Definite

*05

Not able to collect samples
from suspected source

0 Bulk samples

Metalworking Fluids

(Machinist)

11

None

Inflamm

Probable

*06

Not able to collect samples
from suspected source

0 Bulk samples

Possible cardboard dust

18

3

Cardboard dust (work)/
Mold on Shed Roof

Inflamm

Probable

*19

(workplace), mold in home

3/4 (75%) pos HP Panel 1/4 (25%) pos Home/ 3/4 (75%) Unable to collect

4/19 (21%) Inflamm

Total (Inflamm)

samples from suspected

source.

Workplace Sampling

M.L. Millerick-May et al. / Respiratory Medicine 112 (2016) 97—105

* Indicates patient likely not exposed at time of environmental sampling based on follow-up with referring physician.

Fig. 1. Precipitant band indicating a positive immune response to a single antigen is
shown in conjunction with placement of patient sera and discrete antigen(s) collected
from the patient's environment.

Table 4
Subjects with one (or more) positive antigen result from samples collected during
Home/Workplace Sampling and/or on the Standard HP Panel.

Standard HP Panel

Home/workplace antigen collection Negative Positive Total

Negative (%total, n = 12) 6 (50.0%) 6 (50.0%) 12 (63.2%)
Positive (%total, n = 7) 1(14.3%) 6 (85.7%) 7 (31.2%)
Total (%) 7(36.8%) 12(63.2%) 19 (100%)

Swab samples were collected from doors and ledges capturing
settled dusts that potentially contained antigen. Vacuum samples
were taken from the areas of the carpet the patient noted were
most heavily involved in the previous water damage.

The patient’s serum reacted with one of the carpet vacuum
samples from the basement. Antigen isolation and a second
immunoassay determined that the patient reacted to Cladosporium
spp. from the carpet sample.

The patient had all carpeting removed from the basement. In
addition, he was advised as to common sources Cladosporium spp.
The referring physician had submitted serum for an HP Avian Panel,
to which the patient tested positive to pigeon proteins. While not
routinely exposed to pigeons, he was advised to eliminate feather
sources from his home (comforters, pillows, etc.).

Post remediation the patient successfully tapered off steroids
and pulmonary function returned to normal.

5. Discussion

Identification of the etiologic agent of HP in standard medical
care consists of a history taken by the clinician and measurement of
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Fig. 2. Immunoblot showing reactivity of patient sera to an antigen preparation from a
Thermoactinomyces vulgaris isolated from an environmental sample from patient #11
numbers). Patient sera used were: lane 1, #07; lane 2, #09; lane 3, #11; lane 4, #14;
lane 5, #18; and lane 6, no primary antibody.



M.L. Millerick-May et al. / Respiratory Medicine 112 (2016) 97—105 103

Table 5

Immunoblot, Immunodiffusion, and Standard HP Panel results for antigen (Clado-
sporium, Penicillium, and Thermoactinomyces vulgaris) in seven patients. 'N/A’ in-
dicates that the antigen was not part of the Standard HP Panel for that patient.

Antigen ID Immunoblot Immunodiffusion Standard
HP Panel
Cladosporium 02 + + N/A
07 + + N/A
11 - - N/A
Penicillium 01 + + +
07 + + N/A
18 - — +
Thermoactinomyces 09 + + _
18 =+ — +
11 + — _
14 + - -
07 - — _

IgG antibodies to a standard HP panel. This was a ‘proof of concept’
study to determine whether a site visit and sampling of a patient's
home/workplace would be useful in identifying the etiologic agent
of a patient's HP so as to better be able to provide advice on antigen
avoidance. Seven of 19 (36.8%) subjects had positive IgG results to
organisms collected during environmental sampling while 12 of 19
(63.2%) had positive IgG to the standard HP panel. Although there
was a non-statistical increase in the likelihood that those in-
dividuals who tested positive on the standard HP panel would test
positive to samples taken from their environment, 7 of 19 subjects
had divergent results (Table 4). Even among the six subjects who
reacted to both the standard panel and environmental samples,
only one reacted to the same antigen.

Within the limited scope of this pilot study, it is difficult to say
which of the results were of primary clinical importance in in-
dividuals testing positive to multiple antigens. However, when
multiple antigens were identified in environmental samples, they
were likely to come from the same or a similar source (i.e. isolated
from bulk samples taken from a garden). Given this, we believe that
a benefit to our ‘patient-centered’ environmental assessment was
the feedback provided to referring physicians as to possible sources
of exposures not identified during routine patient-provider dis-
cussions and/or to help interpret the results of the commercially
available HP panel. One example includes the seasonal cutting/
baling of hay (a ‘hobby’) in an individual where MWFs in the
workplace were the incorrect suspected exposure of interest. The
absence of positive results from the patient's environmental sam-
ples suggests that the antigen to which the patient tested positive
on the standard panel may not currently be present in the patient's
home/workplace environment. Conversely, a discrepancy between
HP panel results and a positive antibody response to collected
samples suggests they may be reacting to other/additional antigens
that were not included on the ‘standard’ panel. Another benefit was
the ability to discuss with patients the source(s) of offending an-
tigen. Rather than discussing the need to ‘stay away’ from a specific
antigen (i.e. Cladosporium spp.) positive on the ‘standard’ panel, this
type of assessment allows for a practical discussion based on the
antigen identified and specific location as to where the antigen(s)
were found in the subjects' environment. The case described in
detail in this paper clearly indicated the usefulness of the person-
alized sampling in identifying Cladosporium in the basement carpet
of the patient.

Four of the six individuals in this study for which there was a
positive result on the ‘standard’ HP panel that did not test positive
on an environmental sample from their home/workplace were
likely not still exposed to the offending antigen at the time sam-
pling took place. The fact that antibodies may be present after

exposure has ceased lends an additional layer of complexity.
Conversely, one individual serving as a control tested positive to
antigen on a standard HP panel with absence of disease. It is
generally accepted that a positive result, although suggesting
importance in the etiology of the patient's HP, may be a marker of
exposure and not be involved in pathophysiology of the disease.

Most commercial HP panels use immunodiffusion techniques,
and as such we chose this method for our assays. Discrepancies
between our results and those from commercial panels could be
due to differences in strains of bacteria and fungi used as antigens;
in the patient serum samples used, which were often collected at
different times; or the sensitivity of the assays. Therefore, we uti-
lized a more sensitive technique, immunoblot, which allows visu-
alization of multiple reactive antigens from a single bacterial or
fungal isolate rather than a single precipitin band. For the fungi
Cladosporium and Penicillium, results with immunoblots match
those with immunodiffusion. However, with the bacterium Ther-
moactinomyces, immunoblots detected antibodies in three addi-
tional patients for whom Thermoactinomyces was not isolated from
environmental samples (Table 5). We will continue to assess the
utility of immunoblots as a tool to develop more sensitive assays.

Environmental sampling of the patient's environment has its
own limitations. The source of the patients for this pilot study were
tertiary referral centers, so at the time of recruitment, 90% of the
subjects had symptoms for at least a year and 42% for over three
years before environmental sampling was initiated (Table 2). This
may explain why environmental sampling in the homes and
workplaces in 12 of these 19 individuals (63%) did not identify an
antigen for which the patient had antibodies. Of those 12 subjects, 9
were deemed (during the interview) ‘likely to not still be exposed’
to the offending antigen (i.e. one individual with a history of iso-
cyanate exposure who had retired and one the sale of a visibly
‘moldy’ camper and cessation of routine traveling/camping using
said camper). These findings were corroborated by the stability or
improvement of their PFT's and HRCT, symptoms, and successful
tapering and/or cessation of steroid therapy in those 9 patients
(Table 3). This problem in antigen identification emphasizes the
importance of early recognition of the etiologic antigen and
assessment of the patient's environment in order to provide rec-
ommendations for exposure avoidance, thus halting disease pro-
gression. For the three individuals with active HP but for which
environmental sampling was unsuccessful in isolating an antigen of
interest, we hypothesize based on the temporal pattern of their
symptoms that there was a seasonal component and that the
environmental sampling took place in the winter when exposures
would be expected to be highest in spring/summer (2 individuals),
or the likely exposure of concern occurred in one individual
routinely vacationing in a rainforest (Table 3). Although it would be
possible for clinicians to obtain an extensive history, time con-
straints in clinical practice and the inability to observe the patient's
environment, it is more likely that our evaluation - even when we
could not collect a sample related to a possible exposure - would at
a minimum facilitate collection of this detailed and potentially
clinically useful information.

The environmental sampling would need to be streamlined, i.e.
fewer samples, and reimbursed by insurance companies to become
clinically useful. Insurance companies are paying for home visits for
patients with asthma, and if we are able to prove cost-effectiveness
through the early identification of antigen related to the subject's
disease and provide meaningful exposure avoidance/elimination
strategies, there could be substantial cost-savings related to the
minimization of need for medication(s), hospitalizations, routine
testing (PFT, HRCT), etc., as well as potentially a reduction of time
away from work, and improved quality of life. We estimate that it
takes five days from the date environmental sampling takes place
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to initially determine whether a patient reacts to the sample(s)
(bulk) collected, at which time clinical recommendations for
exposure avoidance can be initiated and another 10—20 days to
identify the discrete antigen(s) within the sample(s) to which the
patient reacts.

Another limitation was that if testing was due to a low molec-
ular weight chemical our environmental sampling and antibody
testing could have identified such a substance in the bulk envi-
ronmental samples, but we would have been unable to identify the
specific substance in the bulk sample causing the positive response
to the bulk sample. That said, this information is still useful as the
source (location/characteristics) of the sample can be documented
and the composition of the bulk sample investigated in terms of HP
(i.e. isocyanate exposure).

Finally even when a positive response was identified to an
environmental sample, further evaluation is needed to determine if
the antigen is causing the inflammatory response responsible for
disease or is a marker of exposure. Current practice is to advise the
patient to cease exposure to the antigen and assess clinical pro-
gression/remission and radiographic and pulmonary function
changes after removal from exposure. To assess additional ap-
proaches to determining the clinical significance of a positive
immunodiffusion response to an environmental sample we plan to
expand this study with a focus on subjects with acute onset of
symptoms (within the previous 3 months) who are expected to be
‘currently’ exposed to the offending antigen as evidenced by
continued symptoms and ongoing changes on PFT's and/or HRCT's.
For research purposes, or if specific antigen challenge testing for HP
ever became part of clinical practice [16], our environmental
sampling and immunoassays could be the source for antigen used
for this type of testing. In the absence of the availability of specific
antigen challenge testing, a possible alternate approach to deter-
mine when a positive antibody response is a marker of exposure
versus when it is an indication that the antigen is involved in the
disease process is to determine if the antigen induces cell-
proliferation, clonal expansion of antigen-specific T cells, and
cytokine production. Successful identification of the etiologic an-
tigen would likely be a powerful tool for physicians to treat their
patients as not only the offending antigen would be identified, but
the source of antigen (exposure) identified as well — optimizing
suggestions for exposure avoidance to patients, potentially afford-
ing an opportunity for the patient to stabilize or reverse their
disease.
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