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Abstract

This report is based on proceedings from the Exposure Assessment
Tools for Hypersensitivity Pneumonitis (HP) Workshop,
sponsored by the American Thoracic Society, that took place on
May 18, 2019, in Dallas, Texas. The workshop was initiated by
members from the Environmental, Occupational, and Population
Health and Clinical Problems Assemblies of the American
Thoracic Society. Participants included international experts from
pulmonary medicine, occupational medicine, radiology,
pathology, and exposure science. The meeting objectives were to 1)
define currently available tools for exposure assessment in
evaluation of HP, 2) describe the evidence base supporting the role
for these exposure assessment tools in HP evaluation, 3) identify

limitations and barriers to each tool’s implementation in
clinical practice, 4) determine which exposure assessment tools
demonstrate the best performance characteristics and
applicability, and 5) identify research needs for improving
exposure assessment tools for HP. Specific discussion topics
included history-taking and exposure questionnaires, antigen
avoidance, environmental assessment, specific inhalational
challenge, serum-specific IgG testing, skin testing, lymphocyte
proliferation testing, and a multidisciplinary team approach.
Priorities for research in this area were identified.
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Executive Summary

Hypersensitivity pneumonitis (HP) is an
immune-mediated interstitial lung disease
(ILD) occurring in susceptible individuals
after exposure to one or more antigens.
Accurate antigen identification can be
challenging yet is fundamental to diagnosis
and management. Several tools are available
for antigen identification in patients with
suspected or confirmed HP, but there is
limited evidence guiding their application in
clinical practice. A comprehensive patient
history to identify potential exposures
associated with HP is an essential part of the
clinical assessment. Validated and regionally
relevant questionnaires would help
supplement clinical history-taking and
should be developed. Clinical improvement
with antigen avoidance may inform the
causative exposure in nonfibrotic cases but
is less helpful in fibrotic HP. Environmental
assessment by exposure scientists and/or
industrial hygienists may identify otherwise
unrecognized exposures and antigens.
Residential, occupational, and avocational
environmental sampling may be
informative, but these tools need to be
standardized, and guidelines should be
developed for exposure abatement. Positive
results from serum-specific
immunoglobulin G (SS-IgG) testing indicate
exposure sufficient for immunologic
sensitization but do not prove causality.
Negative test results do not exclude specific
antigens as potential causes, and positive test
results can occur in those with exposure but
without disease. Specific inhalational
challenge (SIC) and lymphocyte
proliferation testing (LPT) provide
information on immunologic sensitization
but again do not establish causality, and
their role in HP diagnosis and exposure
assessment is unclear. Skin testing against
specific antigens has no clinical role.
Multidisciplinary evaluation of patients with
suspected HP, guided by the integration of
clinical history and questionnaire,
environmental assessment and sampling,
and in select cases, immunologic testing,
likely would provide the most
comprehensive approach to exposure
assessment. No single approach will identify
relevant antigen exposures in all situations.
Future research should characterize the
additive discriminative value of specific and
well-standardized tests to identify causal
antigens.

Introduction

HP is an inflammatory and/or fibrotic ILD,
arising in susceptible individuals after
inhalational exposure to one or more
inciting antigens. HP can be acute and
reversible or chronic and fibrotic (chronic
HP [CHP]), the latter being associated with
substantial morbidity and mortality (1–4).
Diagnosing HP is challenging given the
heterogeneity in clinical presentation,
overlapping features with other pulmonary
diseases, and historical lack of consensus on
diagnostic criteria. A proportion of patients
in whom idiopathic pulmonary fibrosis
(IPF) is diagnosed are found to have CHP on
the basis of explant studies or case
reevaluation, suggesting that misdiagnosis is
not infrequent (5, 6). This may result from
not eliciting the relevant exposure history or
identifying a putative causal antigen.
Accurate and timely identification of
inciting antigens improves diagnostic
accuracy and may improve patient
outcomes through exposure remediation.
Recent efforts have established consensus
diagnostic guidelines for HP, with exposure
identification the first step toward achieving
a confident diagnosis (see the American
Thoracic Society [ATS] (7) and American
College of Chest Physicians guidelines
when published). Antigen identification
can be challenging, given the variable
reliability of exposure assessment tools and
heterogeneity in their clinical use (8–10).
Challenges arise in practice, as clinicians
have little guidance on what exposure
assessment techniques are informative,
redundant, or even potentially misleading.

The objectives of this workshop were to
1) define currently available tools for
exposure assessment in the evaluation
of HP, 2) describe the evidence base
supporting the role for these exposure
assessment tools in HP evaluation, 3)
identify limitations and barriers to each
tool’s implementation in clinical practice,
4) determine which exposure assessment
tools demonstrate the best performance
characteristics and applicability, and 5)
identify research needs for improving
exposure assessment tools for HP. Specific
topic areas for discussion included:

1. History-taking and exposure
questionnaires.

2. Antigen avoidance.
3. Environmental assessment.

4. SIC.
5. SS-IgG testing.
6. Skin testing (see online supplement).
7. LPT.
8. Multidisciplinary team approach.

The ATS Workshop on Exposure
Assessment Tools for HP was held in Dallas,
Texas, on May 18, 2019. International
experts convened to discuss the roles and
limitations of each approach based on
published literature. The purpose of the 1-
day meeting was to lay the groundwork to
critically appraise the evidence base for the
exposure-assessment modalities listed above
and identify research priorities for exposure
assessment for antigens associated with HP.
This report summarizes the workshop
findings and recommendations.

Methodology

The Co–Chairs (K.A.J. and C.S.R.) invited
an international team of HP experts to
participate in the workshop. Potential
conflicts of interest were disclosed and
managed in accordance with policies and
procedures of the ATS. All members
participated in the workshop and
subsequent document-development
process. We assembled a multidisciplinary
team of 22 members, representing nine
countries and diverse specialties, including
pulmonary medicine, occupational
medicine, industrial hygiene, exposure
science, chest radiology, and lung pathology.
Before the workshop, subcommittees
conducted literature reviews on each topic,
with findings discussed and summarized at
the workshop.

Findings/Results

History-Taking and
Exposure Questionnaires
Clinical exposure assessment through
history-taking involves the clinician leading
the patient through a series of questions
about their occupational, residential, and
avocational environments to elicit possible
exposures and temporal patterns associated
with HP. Questions should also consider
indirect exposures through contact with
individuals who may carry antigens on their
clothing or other materials.
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Adequate history-taking in HP requires
a high index of suspicion, time, and content
expertise. Differences in approach and
content among clinicians lead to varying
reliability (11). Ideally, the history is
structured, standardized, and formatted.
Information-gathering may be iterative, and
if the history suggests a potential exposure,
further questioning should be conducted
to obtain details of duration, extent, and
frequency of exposure and relationship to
symptoms. Questions should be relevant to
the region of residence, considering
seasonality and other temporal aspects of
exposures. The history should be
comprehensive even if the patient answers
“yes” to one question, as subsequent
questions may reveal additional potential
antigen sources (e.g., an indoor hot tub,
feather duvet, or moldy basement). The
relevant history should be revisited at
clinical follow-up. If a well-characterized
antigen is identified by history in the context
of other clinical findings of HP, further
testing to verify the causal antigen may not
be needed. If the exposure history does not
clearly identify a source for antigens known
to cause HP, the likelihood of HP is less
certain, and further testing may be required.

Questionnaires help ensure
consistency and comprehensiveness in
eliciting potential exposures. There are
published HP-specific questionnaires (9,
11) and online lists of ILD exposures
available to guide clinical assessment (12).
Currently, no HP questionnaire has been
validated, nor is it likely that one tool
would apply to all environmental and
occupational settings. We encourage
clinicians to use an HP questionnaire for
exposures relevant to their regional patient
population. In doing so, it is critical to
recognize that not all exposures carry the
same degree or likelihood of risk, and
positive questionnaire responses must be
further characterized before assuming
likely causality. Not all affirmative
responses are equally important. For
example, breeding pigeons may need to be
more heavily weighted than a report of
visible mold between bathroom tiles, on the
basis of reported exposures known to be
associated with HP.

Antigen Avoidance
Antigen avoidance is considered the
mainstay of HP management and is
associated with improved clinical outcomes
in some patients (13–15). Moreover, clinical

improvement after antigen removal
supports a causal association. Antigen
avoidance can lead to disease resolution and
normalization of lung function in some
acute cases but is less likely in patients with
more advanced fibrotic HP (16–19). Even in
these patients, antigen avoidance may slow
progression on the continuum from
inflammation to fibrosis.

Approaches to addressing a suspected
exposure through avoidance range from
thorough home cleaning to job change to
relocation. A general change of environment
has been recommended in some studies,
even when the specific HP-associated
exposure is not clear (3, 20–23). However,
no prospective studies have evaluated the
efficacy of environmental change as a tool
for antigen identification.

It is unknown how long patients must
avoid a putative exposure before assessing
disease causation. This is particularly
problematic in fibrotic HP because causal
antigens are frequently unknown or remote
and, if identified, may be present at low
concentrations. Importantly, lack of clinical
improvement with antigen avoidance does
not exclude the diagnosis of HP or rule out
an antigen as causal. Furthermore, such
measures may be expensive or impractical.

Environmental Assessment
A broad range of residential, avocational,
industrial, agricultural, and office-based
occupational settings have been associated
with HP. Themany discrete antigenic agents
linked to disease can be categorized into
animal products, plant products, microbial
bioaerosols, and metal or chemical
compounds. It is essential that clinicians
develop an approach to environmental
exposure assessment, including when and
how to involve the expertise of industrial
hygienists and other exposure scientists.
Environmental professionals with
knowledge of building systems and how they
influence exposure pathways can make
informed recommendations to reduce
antigen exposures. Environmental
assessment may be particularly important
when concerns arise about indoor exposure
to microbial antigens.

Several potential pathways link sources
of dampness in indoor environments to risk
for adverse health outcomes from exposure
to microbial bioaerosols. The World Health
Organization (24) describes both ambient
(rain, groundwater, melting snow, and
flooding) and anthropogenic (plumbing/

sewage, water supply, and heating system)
sources of indoor dampness that may lead to
proliferation of molds and other microbial
contaminants associated with HP.
Furthermore, there is evidence-based
guidance on questions clinicians should ask
related to indoor dampness and mold (25).
Responses to these questions help determine
whether an on-site assessment is warranted.
If so, it is vital that the environmental
professional work closely with the clinician
to formulate and test hypotheses for possible
exposure hazards and clarify the scope and
purpose of the dwelling assessment.
Information-gathering begins with
understanding the patient’s activities and
where and how much time they typically
spend in one location or possibly multiple
locations of concern. In addition to
questions about dampness and mold, details
should be elicited about hobbies (e.g.,
woodworking, gardening, and activities
involving organic dust and chemicals),
animals (e.g., birds and grains used for feed),
barns and workshops, crawlspaces and
basements, recreational vehicles, subtle
sources (e.g., feathers in decorations or
duvets) (19), and activities such as hot-tub
use at home and in recreational settings.

After initial information-gathering,
an environmental hygienist may be
enlisted to perform a qualitative or
visual assessment of the indoor space.
Published questionnaires (26) are helpful
to assess specific components of building
mechanical systems, including their
operation, condition, and maintenance (27).
In general, the on-site visual inspection is
most useful for identifying obvious exposure
sources and providing expert advice on
abatement (24). The site visit is also
important in decision-making about the
need for quantitative air and/or bulk
environmental antigen sampling.
Photographs can document physical
conditions, evidence of water intrusion
or dampness, locations of suspect microbial
colonization, and other exposure concerns
and may support recommendations for
mitigation and remediation.

There are no standardized or validated
approaches to quantitative environmental
antigen sampling. Surface microbial
sampling using tape or swabs and bulk
(water or vacuumed dust) samples are useful
for identification (present/absent) but not
quantification. Air sampling for quantifying
fungal and other microbial bioaerosols
represents exposure conditions only on the

AMERICAN THORACIC SOCIETY DOCUMENTS

American Thoracic Society Documents 1503



day of sampling and may not represent
usual or “worst-case” conditions. Methods
based on microbial culture are limited by
uncertainties in choice of culture media,
inability to detect nonviable species, and
unclear thresholds for causal linkage with
HP. Quantitative polymerase chain reaction
may be advantageous for detecting
nonviable microorganisms or those not
easily detected in culture (28). Whatever
sampling approach is chosen, it is essential
to use an accredited environmental
analytical laboratory for sample analysis, as
most clinical laboratories lack the requisite
expertise.

In some cases, the hygienist can obtain
bulk samples from the environment for
personalized antibody testing of the HP
patient (29). In most clinical settings,
however, environmental sampling to
identify a causal antigen is limited by cost,
expertise in sample collection and analysis,
and challenges in linking sample results with
health outcomes. On-site environmental
assessment and targeted sampling may
guide recommendations for exposure
remediation and avoidance, yet antigen
elimination often remains difficult, with
little evidence to guide effective abatement.
In circumstances in which preabatement
sampling shows high concentrations of
microbial contaminants or discordant
species amplification indoors compared
with outdoors, repeat sampling after
remediation may be helpful to verify the
adequacy of abatement.

SIC
SICs entail exposure to suspected causative
antigens in controlled laboratory settings
(30, 31). Procedures for SICs in diagnosis of
occupational asthma have been
standardized (31), and SICs have also been
used in patients with suspected HP (32). A
SIC may be performed by either inhalation
of a nebulized solution of the suspected
antigen (e.g., avian or mold) or by exposure
in a challenge chamber (e.g., to isocyanates
or wood dust); however, the approach to SIC
has not been standardized for use in
suspected HP. Several studies suggest their
use can differentiate both acute and CHP
from other ILDs (33–36). In certain clinical
contexts, sensitivity and specificity of 73%
and 84%, respectively, have been reported,
and even higher sensitivity and specificity of
85% and 86% have been reported with avian
or fungal antigens (36). A positive SIC result
in a patient with ILD may increase the

probability of HP diagnosis and preclude the
need for invasive tests such as surgical lung
biopsies (35).

There are several limitations to
widespread implementation of SICs in
clinical evaluation of patients with suspected
HP. First, in contrast to occupational
asthma, procedures for SIC in ILD and HP
remain nonstandardized. There is no
consensus on where SIC stands in the
diagnostic algorithm for HP, which
antigen(s) should be tested when none are
elicited on a clinical questionnaire, how
antigen extracts should be prepared, how
provocations should be performed, what
constitutes adequate patient monitoring,
and what defines a positive response. Most
expert centers consider a SIC result positive
if patients experience a decline in lung
function after antigen challenge or
demonstrate a combination of lung-
function decline and an increase in white
blood cell count, a decrease in oxygen
saturation, a change in chest imaging
findings, an increased body temperature, or
clinical symptoms (35). Moreover, SICs
require laboratory resources and trained
personnel not readily available outside of a
limited number of expert centers. Adverse
events can occur after SICs, most commonly
transient influenza-like symptoms (36), and
patients with severe lung-function
impairment should not be subjected to SIC.
Finally, it is unknown what SIC adds beyond
a positive exposure history or other markers
of sensitization. In summary, SICs can
identify physiologic reactions to a causal
antigen in a patient with suspected HP.
However false-positive and false-negative
test results can occur, and the accuracy of
using SIC to identify a causative antigen is
unclear.

Serum-Specific
Immunoglobulin Measurement
Measurement of SS-IgG is a method used to
identify an inciting antigen and is proposed
as a diagnostic test for HP (8, 9, 36). For a
summary of 22 relevant publications
evaluating diagnostic test characteristics of
SS-IgG measurement, see Table E1 in the
online supplement (38–45).

Antibodies (immunoglobulins) against
specific peptide components of organic
antigens (e.g., molds, bacteria, and animal
proteins) can be induced after exposure and
measured in serum. The test antigen used to
identify specific immunoglobulin is
extracted from a bulk product (e.g., bird

droppings, mixed feathers, or hay), from a
cultured organism (e.g., a specific mold), or
via immunoproteomic approaches that use
recombination methods to produce the
protein of interest (40, 46, 47). Some
specialized centers extract antigens for
testing from the patient’s own environment
(29, 48), and some academic and
commercial laboratories have developed
so-called “HP panels” of antigens for testing
(49).

A key question is the performance
characteristics of SS-IgG measurement as a
diagnostic test in patients with unspecified
ILD. Four studies yielded a pooled
sensitivity of 83% and specificity of 68% for
identifying those with probable HP (6, 7, 41,
43, 44). Most studies evaluated test
characteristics of SS-IgG measurement in
patients with HP who have known exposure
to a particular antigen, relative to exposed
individuals without HP (Table E1). Eight of
these studies showed a pooled sensitivity of
90% and a specificity of 91% (45–47, 50–54).
However, methodologic issues, including
variability in measurement methods,
antigens tested, and thresholds used for
positive findings limit the clinical utility of
SS-IgG testing. Many practice settings
employ commercially available antigen
panels to test patients with undifferentiated
ILD, aiming to accurately identify patients
with HP. Published data suggest that use of
SS-IgG testing for this purpose could
produce a large number of false-
positive results, limiting SS-IgG
measurement as a “rule-in” confirmatory
test for HP.

Routine SS-IgG testing of all patients
with possible HP using a broad panel of
antigens might help alert physicians to
causative antigens not previously
considered. However, studies evaluating this
approach are limited (29, 55), and whether
serologic testing is more useful for antigen
identification than questionnaires or
professional inspection of the patient’s
environment is unknown (48).
Immunoproteomic approaches to
identification of proteins specific to HP
from avian and farming exposures may
hold promise for improved test
performance (40, 46, 47). Recombinant
laboratory methods to produce antigens
commonly associated with disease could
avoid issues with variability across batches
and laboratories, a common problem when
using extraction techniques that lead to
higher test-to-test variability in SS-IgG
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measurement. Finally, the presence of
SS-IgG is merely indicative of previous
exposure and immunologic sensitization to
the specific antigen and does not prove
causality. However, the presence of the
SS-IgG against a specific antigen may
prompt the patient and physician to
reassess potential exposure to occult
sources of the antigen in the patient’s
environment. A positive SS-IgG test result
indicates enough antigen exposure to
generate an immunologic reaction/
sensitization that is B cell–mediated,
causing specific antibody production.
Antigen exposure can generate a positive
SS-IgG reaction in people who do not have
HP. It is a marker of exposure sufficient to
cause an immunologic response. This
finding by itself, without other clinical
criteria for HP, is insufficient for diagnosis
but, if present together with others, is a
helpful diagnostic criterion.

LPT
Pulmonary lymphocyte accumulation is a
hallmark of HP, reflecting in part an
impaired T cell–suppressor response in the
presence of inciting antigen (56–59). LPT
has been proposed as a useful tool in HP
diagnosis and antigen identification.
Peripheral blood mononuclear cells or
bronchoalveolar lavage (BAL)
fluid lymphocytes are incubated with
the suspected antigen and pulsed with
[3H]thymidine. Cells are harvested, and
[3H]thymidine incorporation is quantified
using a scintillation counter. Results are
expressed as a stimulation index.

Few studies have investigated the utility
of LPT in HP antigen identification, and
results are mixed. Most work has examined
individuals with suspected bird-related HP
(60–64). These studies suggest a role for LPT
in antigen identification in patients who do
not exhibit SS-IgG antibodies to the
causative agent (65). In a study of 32 patients
with bird breeder’s HP, testing results for
SS-IgG antibodies against bird-dropping
extracts were positive in only 35% of the
insidious/chronic cases, whereas blood LPT
results were positive in over 90% (61). In
another small study, results for blood LPT
using Trichosporon-related antigen were
positive in all five subjects with chronic
summer-type HP (16), but this was not
tested in the total cohort of 14 patients or in
exposed subjects without disease. For a
summary of additional published data on
BAL-fluid LPT in HP, see the online
supplement.

There are several obstacles to using LPT
as a tool for identifying offending antigens
in patients with HP. Patients may be
exposed to potential antigens from multiple
sources in their home/workplace
environments (48). However, at present,
multiplex immunologic assessments of
antigen candidates are not commercially
available for use in LPT. There is no
standardized methodology or guidance for
what constitutes a positive test result, and
testing is not widely available.

Multidisciplinary Team Approach
Accurate exposure assessment for HP relies
on the integration of data collected through

multiple domains. Pulmonary physicians
often have limited training in occupational
lung disease, environmental epidemiology,
and exposure science, whereas many
exposure scientists have limited clinical
experience. However, each group brings
valuable contributions to clinical exposure
assessment for HP. Appropriate
interpretation of results, whether by history,
laboratory testing, or inhalational challenge,

Table 2. Key areas for future research in
exposure assessment tools for HP

1. Develop and validate regionally relevant
HP exposure questionnaires

2. Clarify the roles of SS-IgG, SIC, LPT, and
preexposure/postexposure biomarkers in
identifying immunologic sensitization and
causal associations in HP

3. Develop and validate biomarkers together
with other clinical outcomes as endpoints
for assessing effectiveness of antigen
exposure avoidance and abatement

4. Test the performance characteristics of
exposure identification tools in diagnostic
models for HP to determine their additional
discriminative abilities

5. Develop standardized protocols for on-
site environmental investigation for
relevant exposures including criteria for
sampling before and after abatement

6. Develop guidelines for practical and
effective remediation actions for patients

7. Characterize the role of multiple antigen
exposures as causal for HP

Definition of abbreviations: HP=hypersensitivity
pneumonitis; LPT= lymphocyte proliferation
testing; SIC= specific inhalational challenge; SS-
IgG= serum specific immunoglobulin G.

Table 1. Aggregate judgment of 20 independent expert raters on clinical applicability of exposure assessment tools

Test
Performance

Feasibility Clinical
Utility

Comments

History 11 111 11 Fundamental to clinical assessment
Questionnaire 11 11 11 Should be locally adapted and validated
Improvement with antigen avoidance 11 11 11 May be informative in cases with a component of

nonfibrotic HP
Environmental assessment 11 1 11 Limitations in availability of experts and sampling

interpretation
Specific inhalational challenge 11 2 1 Limited role, requires experienced research

laboratories
Serum specific IgG 1 11 1 Marker of antigen exposure and sensitization
Lymphocyte proliferation test 1 2 1 Limited role, needs more validation
Multidisciplinary assessment 11 11 11 Warrants further evaluation

Definition of abbreviations: 2=poor; 1= fair; 11=good; 111=excellent; HP=hypersensitivity pneumonitis; IgG= immunoglobulin G.
The weighting of scores in this table represents a semiquantitative assessment of expert panel members’ overall interpretation of the workshop data and
discussion. For each exposure assessment tool, workshop participants graded them as “poor = 0, fair = 1, good=2, excellent = 3.” The scores were
averaged and rounded to the nearest whole number. The system presented in the table corresponds to poor = 0=2, fair = 1 =1, good= 2=11,
excellent = 3=111.
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requires an understanding of the
performance characteristics of each test, the
relevance of positive or negative findings,
and their contextualization within the clinical
scenario. Similar to the multidisciplinary
team discussion recommended as the gold
standard for diagnosis of IPF/idiopathic
interstitial pneumonias (IIPs) (66, 67), more
information is needed on team-based
approaches to exposure assessment in HP to
enhance antigen recognition and abatement
and to inform clinical diagnosis. Given
resource limits and cost, it may be difficult
outside of academic centers to build such
collaborations among pulmonary/
occupational medicine specialists and

exposure experts. However, further research
into the potential for multidisciplinary team
evaluation to accurately identify exposures
associated with HP is warranted.

Summary and
Future Directions

There is a paucity of robust data guiding
exposure assessment to identify causative
antigens in patients with HP. Clinical
exposure assessment is essential to establish
a confident diagnosis of HP, guide
management, and inform prognosis. Yet,
the lack of a gold standard to inform the

relationship between exposure and disease
pathogenesis makes such assessment
difficult. There is little doubt that a thorough
exposure history, supplemented with a
questionnaire, is a vital starting point to
identify potential inciting antigens in
patients with HP and, indeed, in all patients
with ILD. Further research is needed to
develop standardized, validated
questionnaires that are appropriate for a
wide range of cultural and geographic
settings and that better elucidate the
relevance of particular exposures. In
addition, more work is needed to characterize
the role of multiple antigenic exposures in
causing HP. An overall assessment of each
tool is summarized in Table 1.

Although clinical improvement after
removal from suspected antigen exposure
often occurs in acute HP, this occurs less
frequently in chronic nonfibrotic HP and
may not happen in fibrotic HP. Thus,
although reasonable attempts at antigen
remediation should be pursued, life-altering
recommendations such as changing homes
or occupations must be informed by the
patient’s best interests and wishes. It is
imperative that both clinicians and patients
have a full understanding that such
interventions may not point to a causative
antigen or improve clinical outcomes and
that they make informed decisions
accordingly. To better elucidate the role of
on-site environmental investigations, future
studies should include standardized
protocols for such investigations, clear
criteria for when and how to perform air and
surface sampling, practical and effective
remediation actions for patients, and
protocols for follow-up by hygienists to
verify the adequacy and efficacy of
recommended abatement efforts.

Several laboratory approaches to
antigen testing are available, all with
limitations for identifying relevant
exposures. If a compelling exposure is
identified by history, it is unclear whether
further testing provides useful supplemental
information. In cases with a less compelling
exposure or in which multiple potential
exposures are identified by history, SS-IgG
testing likely increases the pretest
probability of HP by demonstrating
immunologic sensitization. However, a
negative test result does not exclude a
potential antigen as being inciting, given the
limitations of most available assays.
Furthermore, a positive test result does not
prove causality, as these tests are primarily
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Figure 1. Conceptual framework describing how exposure identification and sensitization tests impact
pretest probability of hypersensitivity pneumonitis (HP). Identification of plausible antigen(s) for HP will
determine the pretest probability of disease. The likelihood ratio is determined by other aspects of the
clinical assessment for suspected HP. Numbers are for example only. The black line indicates no
compelling exposure by history; this is the lowest pretest and post hoc test probability of HP. The red
line indicates a less-compelling exposure history (e.g., mold in bathroom) and shows a negative serum-
specific immunoglobulin G (SS-IgG) test result. The green line indicates a less compelling exposure
history (e.g., mold) and shows a positive SS-IgG test result. The blue line indicates identification of a
compelling exposure (e.g., pigeons/farming) with no further testing needed. prob. = probability.
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evidence of exposure and sensitization but
are not by themselves diagnostic of HP.
SS-IgG testing for antigen identificationmay
be most useful with samples taken from
the patient’s environment. Similarly,
although SIC may provoke clinical features
typical for HP, its role in improving
diagnostic sensitivity beyond a positive
exposure history is unknown. LPT
may be a promising tool for antigen
identification in some patients with HP,
particularly in those with chronic disease;
however, the lack of standardization and
ambiguous performance characteristics
limit its clinical applicability at present.
Future research priorities for areas addressed
at the workshop are summarized in Table 2.

Finally, we propose a framework
whereby interpretation of results of antigen
identification tools are considered along a
spectrum of probability, rather than
dichotomously as positive or negative.
Establishing a pretest probability of disease
requires considering the weight of what a
likely antigen exposure adds to HP diagnosis
(Figure 1). Not all positive results from
exposure histories or tests of sensitization
are equally robust, and their accompanying
pretest probability will vary on the basis of
several factors. For example, in the
appropriate clinical context, a positive
exposure history for residential pigeon
breeding likely confers a high pretest
probability of HP. Results of clinical
diagnostic evaluation (e.g., high-resolution
computed tomography imaging, BAL,
biopsy) will provide a likelihood ratio that
impacts the post hoc test probability, or
confidence, of HP diagnosis. A less
compelling exposure, such as mold in the
shower or use of an outdoor hot tub or
residential feather duvet, would suggest a
lower pretest probability of HP. These less
compelling exposures may be supported by
results from tests of sensitization. For
example, in a patient reporting residential
mold, a positive SS-IgG or SIC result may
support the probability of sensitization
and an HP-inducing immune response,
increasing the pretest probability of HP. Less
compelling exposure histories in the absence
of objective sensitization would confer a low
pretest probability of HP. We recognize that
current evidence does not allow assignment
of specific probabilities to each antigen
exposure. That probability is also influenced
by individual host factors such as genetic
predisposition, history of infection, and
smoking status. However, this general

concept provides a foundation for assessing
the likelihood of a relationship between
an inciting antigen and subsequent
development of HP. n
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