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Abstract:

Purpose:

Methods:

Hypersensitivity pneumonitis (HP) is a form of interstitial lung disease (ILD) caused by inhalational exposure to an antigen. Little is known about
the exposures, outcomes, and management of HP in rural Appalachian patients.

A retrospective cross-sectional study was conducted from January 1, 2017, to June 30, 2022, at a tertiary academic medical center. Sixty-two
patients were initially screened, and seven patients fulfilled the inclusion criteria. The primary outcome was the exposure leading to HP. Secondary
outcomes included the disease stage at diagnosis, smoking rate, treatment modalities, ILD exacerbation rate, and mortality.

Results:

Birds and mold are the more common exposures attributed to HP (both n=2, 28.57%). Novel exposures to continuous positive airway pressure
devices, vapor and/or fumes, and fiberglass were noted (each n=1, 14.28%). Three patients (42.85%) had fibrotic HP at presentation. Most patients
were ever-smokers (n=4, 57.14%). All patients (n=7, 100%) received corticosteroids with a mean duration of use of 2.50 + 0.65 months, and a
mean dose of 37.14 + 12.54 mg. One (14%) patient was compliant with antigen elimination. ILD exacerbation and mortality rate was high (both
n=2, 28.57%).

Conclusion:

The exposures identified in rural Appalachian HP patients were similar to other rural and urban populations in the United States. Risk factors
associated with poor outcomes, such as smoking, fibrotic HP subtype, and non-avoidance of antigen were higher in this cohort. The rate of ILD
exacerbation and mortality were similarly higher. Larger studies are needed to investigate longitudinal trends of exposure, characteristics, and

management of HP to improve outcomes in rural populations.

g

Keywords: Hypersensitivity pneumonitis, Exposure, Antigen, Rural, Treatment, Mortality.

Article History

Received: May 29, 2023

Revised: August 20, 2023

Accepted: August 23, 2023

1. INTRODUCTION

Hypersensitivity pneumonitis (HP) is a subtype of diffuse
interstitial lung disease (ILD). Formerly termed allergic
alveolitis, the pathophysiology of HP is characterized by
dysregulated immune-mediated inflammatory injury to the
alveoli and terminal bronchioles following exposure to inhaled
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E-mail: p.balal286@gmail.com

antigens in susceptible individuals [1]. HP may present as a
self-limiting disease, follow a relapsing-remitting pattern, or
slowly progress into a fibrotic form of the disease [2].

HP is the most common subtype of ILD after idiopathic
pulmonary fibrosis, with an annual incidence of 30 per 100,000
persons in the United States (US) [3, 4]. The prevalence of
fibrotic HP and exposure associated ILD, like pneumoconiosis,
is higher in rural than urban areas [5]. According to the US
2010 Census, 51% of the population in West Virginia (WV) is
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considered rural [6]. It is unsurprising that WV has the highest
prevalence of HP, with 3-3.99 cases per 100,000 persons [3].

Epidemiologic studies of Farmer’s Lung have shown a
higher rate of HP among men compared to women [7,8], but
more recently rates have been higher in women [3]. The recent
gender shift may be related to a higher representation of
women in the workforce with consequent exposure to antigens
causing HP, and the increased access to healthcare among
women [3]. It is unknown if sex differences affect genetic
susceptibility to HP [3].

Historically, HP has been subdivided into acute, subacute,
and chronic subtypes to characterize the temporal relationship
of disease development with exposure. This categorization has
fallen out of favor due to the lack of correlation with treatment
strategies, prognosis, and patient outcomes [2]. The 2020
American Thoracic Society/Japanese Respiratory
Society/Asociacion  Latinoamericana de Torax (ATS/
JRS/ALAT) clinical practice guidelines for the diagnosis of HP
dichotomized HP into fibrotic and non-fibrotic subtypes based
on radiological features [9]. This distinction is important due to
the differing management and prognosis of patients with
fibrotic and non-fibrotic HP [9].

Since its first mention in the early 20" century among farm
workers, the spectrum of causative agents leading to the
development of HP has grown exponentially [10]. Chemical
agents, plant and/or animal proteins, and microbial particulate
matter are among the major categories of HP triggers [10]. The
duration of exposure, in addition to the host's aberrant
inflammatory response and genetic susceptibilities plays a key
role in the progression of disease [11]. Identification of the
causative agent increases the diagnostic confidence of HP.
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Elimination and avoidance of exposures is a crucial step in the
management of HP to halt disease progression, improve
symptoms, and potentially cure HP if undertaken expeditiously

[1].

In practice, despite extensive exploration through
meticulous history-taking and the utilization of comprehensive
exposure questionnaires, the identification of HP antigens in an
individual patient remains elusive [12]. Much of the
complexity lies in the variability of occupational, geographic,
socioeconomic, cultural, and climate factors influencing the
prevalence of HP triggers [13]. The Appalachian region carries
a disproportionate burden of pulmonary diseases due to
socioeconomic and environmental factors [14]; hence, it is
foreseeable that the exposures, clinical characteristics, and
outcomes of HP in this population may differ in comparison to
other rural and urban regions in the US. Recognizing the dearth
of studies specifically examining the exposures, outcomes, and
management strategies of HP in Appalachia, we sought to
examine the frequency and types of exposures; characterize the
features; describe management strategies; and finally, to
determine the outcomes of HP patients in this region.

2. MATERIALS AND METHODS

2.1. Study Design and Setting

This was a retrospective cross-sectional study conducted at
our institution in WV and its affiliated hospitals. We extracted
data and compared the outcomes of patients with the diagnosis
of HP. The study was reported in line with the “STrengthening
the Reporting of Observational Studies in the Epidemiology
(STROBE) guidelines™ [15].

Number of patients screened by SlicerDicer
application on EPIC electronic hospital record
and ILD clinic registry between January 1,
2017 and June 30.2022 with HP (n=62)

Enroliment

Excluded (n=36)
e Undifferentiated ILD (n=19)
e Non-HP diagnosis (n=17)

Patients with HP

(n=26)

Patients with insufficient clinical data
(n=19)

Final study patients
(n=7)

Fig. (1). Consort flow diagram.

Abbreviations: HP, hypersensitivity pneumonitis; ILD, interstitial lung disease.
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2.2. Participants and Study Size

The SlicerDicer application within EPIC electronic health
record and our ILD clinic registry were utilized to identify
patients with the diagnosis of HP between January 1, 2017 and
June 30, 2022 (n=62). The “Consort Flow Diagram” [16]
illustrates the patient selection process (Fig. 1). The study was
conducted in line with “Sex and Gender Equity in Research”
(SAGER) guidelines [17]. Patient genders were self-reported.
No participants were excluded based on their gender. We
excluded patients who did not meet the ATS/JRS/ALAT 2020
Clinical Practice Guidelines for the diagnosis of HP [9].
Patients (n=36) were excluded due to the lack of the following
criteria: 1) clinical presentation, radiological and pathological
findings consistent with diagnosis of HP, and 2) received
specific treatment for HP. After individual review of all cases
by BB, VD, and BSB, patients with insufficient clinical data
were excluded (n=19). A total of 7 patients met all the

Vapors, gases
and/or fumes
1(14.28%)

Continuous
positive airway
pressure
1(14.28%)
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inclusion criteria of the study.

2.3. Study Group Interventions

Patient characteristics were recorded and analyzed (Table
1). A detailed chart review was performed to determine HP
exposures as documented by the clinician during clinical
encounters (Fig. 2). The exposures were grouped according to
the HP Exposure Assessment Tool [10]. The radiological
patterns, distributions, and abnormalities were reviewed (Fig.
3) as outlined in the HP Diagnostic Clinical Practice
Guidelines by Raghu et al. [9]. The fibrotic pattern on high-
resolution computed tomography (HRCT) of the chest was
defined by the presence of all the following: 1) septal
thickening, 2) honeycombing, 3) reticulation, and 4) traction
bronchiectasis. The absence of one or more of these findings
was defined as the non-fibrotic pattern. Histopathology
consistent with HP was defined as the presence of loosely
formed granulomas and interstitial lymphocytic infiltrates.

Visible or
malodorous mold
2 (28.57%)

Fig. (2). Exposure characteristics of study population. n=0: water damage, flooding and/or standing water; moldy hay, silage and/or wood;
humidifiers, air conditioners and/or humid indoor environment; hot tubs, pools and/or spas; organic matter (manure and/or compost); musical
instruments and/or dentistry products; down and/or feather products; farming and/ or food production; wood dust and/or esparto grass; metalworking
fluids; pesticides, cleaning agents and/or isocyanates; hair spray; heated plastic vapors.

Table 1. Baseline patient characteristics.

Variables n=7
Age: mean (SD) 66.14 (11.19)
Female: n (%) 5(71.43)
Never-smoker: n (%) 3 (42.86.0)
Ever-smoker: n (%) 4 (57.14)
* Amount in pack-years: mean (SD) 14.00 (7.12)
Occupation -
* Bar Manager: n (%) 2 (28.57)
« Fiberglass factory worker: n (%) 1(14.29)
« Electronic engineer: n (%) 1(14.29)
* Elderly care provider: n (%) 1(14.29)
« Office manager: n (%) 1(14.29)
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(Table 1) contd.....
Variables n=7
* Not reported: n (%) 1(14.29)
Caucasian: n (%) 7 (100.0)
Duration of follow-up in months: mean (SD) 59.67 (35.71)
BMI: mean (SD) 30.05 (6.48)
Dyspnea with exertion: n (%) 7 (100.0)
Cough: n (%) 5(71.43)
Malaise and/or fatigue: n (%) 2(28.57)
Weight loss: n (%) 2 (28.57)
Dyspnea at rest: n (%) 1(14.29)
Erythema nodosum: n (%) 1 (14.29)
Night sweats and/or fever: n (%) 0
Joint pain: n (%) 2 (28.57)
Raynaud’s phenomenon: n (%) 2 (28.57)
Dry eyes and mouth: n (%) 1(14.29)
Inspiratory squeaks on lung auscultation: n (%) 1(14.29)
Wheezing: n (%) 1(14.29)
mMRC dyspnea scale on presentation: mean (SD) 1.85(0.90)
Duration of symptoms at first visit in months: mean (SD) 72.29 (89.06)
Oxygen dependence at rest/exercise: n (%) 3(42.86)
Oxygen requirement, L/min: mean (SD) 2.66 (0.57)
Gastroesophageal reflux disease: n (%) 4 (57.14)
Asthma: n (%) 3 (42.86)
Chronic obstructive pulmonary disease: n (%) 2 (28.57)
Pulmonary hypertension: n (%) 2(28.57)
Congestive heart failure: n (%) 1(14.29)
Obstructive sleep apnea: n (%) 1(14.29)
Bronchiectasis, venous thromboembolism, connective tissue disease, chronic kidney disease, chronic kidney disease, cerebrovascular 0
disease: n (%)
Forced vital capacity, Liters: mean (SD) 2.22 (0.71)
Forced vital capacity, percent predicted: mean (SD) 71.29 (21.55)
Forced expiratory volume in 1 second, Liters: mean (SD) 1.83 (0.49)
Forced expiratory volume in 1 second, percent predicted: mean (SD) 80.86 (23.33)
FEV1/FVC: mean (SD) 83.90 (8.37)
DLCO, mL/min/mmHg: mean (SD) 12.13 (4.28)
DLCO, percent predicted: mean (SD) 51.29 (23.31)
Restrictive pattern on pulmonary function testing: n (%) 5(71.43)
Obstructive pattern on pulmonary function testing: n (%) 0
Normal pattern on pulmonary function testing: n (%) 2(28.57)
Positive serum HP panel: n (%) n=4,1(25.0)
Pathology consistent with HP: n (%) n=5,4(80.0)

Note: BMI, body mass index; DLCO, diffusion capacity for carbon monoxide; FEV1/FVC, ratio of forced expiratory volume in 1 second and forced vital capacity; HP;

hypersensitivity panel; mMRC, modified Medical Research Council dyspnea scale.

Table 2. Treatment modalities for study population*

Medication n (%) Mean (SD) in Months Average Daily Dose (SD) in mg
Oral corticosteroids 7 (100) 2.50 (0.65) 37.14 (12.54)
Azathioprine 3(43) 6.50 (9.96) 83.33(28.87)
Mycophenolate mofetil 1(14) 18.0' 1400.0'
Nintedanib 3(43) 4.33(2.52) 300.0 (0)
Antigen Elimination 1(14) unclear n/a

Note: *Medications group not mutually exclusive. #value represents for n=1. n/a, not applicable.
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Fig. (3). High-resolution computed tomography characteristics in study population.
Abbreviations: HP; hypersensitivity pneumonitis; UIP, usual interstitial pneumonia.
Table 3. Clinical course of study population.
Clinical Parameter n=7
Symptoms progression: n (%) -
* Improved 4(57.14)
» Worsened 2 (28.57)
« Stable 1(14.29)
Oxygen supplementation requirement: n (%) -
* Improved 0
* Worsened 5(71.43)
* Stable 2(28.57)
Compliance to exposure elimination: n (%) 1(14.29)
Mortality: n (%) 2(28.57)
* Time to death from diagnosis, months: mean (SD) 34.0 (36.77)
Imaging: n (%) -
* Improved 0
* Worsened 1(14.29)
« Stable 6(85.71)
PFT: n (%) -
* Improved 0
* Worsened 4(57.14)
* Stable 1(14.29)
* Post-treatment PFT not available 2 (28.57)
mMRC dyspnea scale -
* Improved 3 (42.86)
* Worsened 1(14.29)
» Stable 3 (42.86)
ILD exacerbation 2 (28.57)
Note: mMRC, modified Medical Research Council dyspnea scale; ILD, interstitial lung disease; PFT, pulmonary function test.
The treatment utilized by the study group is shown in the emergency department or admissions to the hospital due to
Table 2. The clinical course of all 7 patients was recorded and acute respiratory failure. Treatment response was measured by

analyzed (Table 3). ILD exacerbation was defined as visits to similar criteria as established for idiopathic pulmonary fibrosis
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[18]. An improved response was defined by a decrease in the
modified Medical Research Council (nMRC) dyspnea scale, a
reduction in the radiographic parenchymal abnormalities, and
physiologic improvement by > 10% increase in the forced vital
capacity (FVC) or > 15% increase in diffusion capacity of
lungs for carbon monoxide (DLCO). Conversely, failure to
respond to treatment was defined as an increase in the mMRC
dyspnea scale, an increase in the radiographic parenchymal
abnormalities, including progression to fibrotic pattern, and
physiological deterioration by > 10% decrease in the FVC or >
15% decrease in DLCO.

2.4. Outcomes

The primary outcome of this study was the exposures
associated with HP in the study population. The secondary
outcome was the disease stage at the time of HP diagnosis.
Other endpoints included the rate of smoking, treatment
modalities, rate of ILD exacerbation, and mortality.

2.5. Data Collection

All study records were securely stored in our institution’s
network of computers in the pulmonary office.

2.6. Statistical Methods

Descriptive analyses were performed for all outcome
measures and endpoints. Continuous variables were reported in
means with standard deviation, and categorical data were
reported in frequencies and percentages.

2.7. Bias

We attempted to minimize selection bias by having 3
independent reviewers determine the suitability of patients
included in the study. Any disagreements were reconciled with
a consensus decision. The retrospective nature of the study may
lead to information bias.

3. RESULTS

3.1. Study Participants Characteristics

Baseline patient characteristics of the 7 patients included in
the study are shown in Table 1. All patients were White. Most
of the patients were female (71.43%, n=5), with a mean age of
66.14 + 11.19 years. The mean BMI was 30.05 + 6.48 kg/m’.
The most common occupation in the cohort was bar
management (28.57%, n=2). The most common comorbidities
were gastroesophageal reflux disease (57.14%, n=4), asthma
(42.86%, n=3), chronic obstructive pulmonary disease
(28.57%, n=2), and pulmonary hypertension (28.57%, n=2).
All patients had exertional dyspnea at presentation (100.0%,
n=7). Other symptoms include cough (71.43%, n=5), weight
loss (28.57%, n=2), and fatigue (28.57%, n=2). The duration of
symptoms at the time of initial evaluation was 72.29 + 89.06
months. The mean mMRC dyspnea scale was 1.85 + 0.90, with
42.86% (n=3) of the patients requiring oxygen supplementation
at the time of presentation. Pulmonary function tests (PFT) for
all patients were available prior to treatment initiation. Five
patients (71.43%) had a restrictive pattern on their PFT. The
mean FVC and FEV1 were 2.22+0.71 L and 1.83 £ SD0.49 L,
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respectively. The percent predicted DLCO was 51.29 +
23.31%.

All patients (100.0%, n=7) had traction bronchiectasis (Fig.
3). Other common radiographic findings were mosaic
attenuation (71.42%, n=5), ground glass opacities (71.42%,
n=5), and air-trapping (57.14%, n=4). Non-fibrotic and diffuse
changes were noted in 57.14% (n=4). Only 2 patients (28.57%)
had upper lobe predominant abnormalities. Of the 3 (42.85%)
patients with fibrotic HP subtype, only 2 (28.57%) conformed
with the usual interstitial pneumonia (UIP) pattern. Lung
histopathological data was available in 71.42% (n=5) of the
study participants. Two patients (40.0%) underwent surgical
lung Dbiopsies, while 3 patients (60.0%) underwent
transbronchial ~ biopsies. Four patients (80.0%) had
histopathology consistent with HP (Table 1).

The clinical course of our study patients is illustrated in
Table 3. More than half of these patients noted symptomatic
improvement (57.14%, n=4). The reported mMRC improved
over the course of their treatment in 42.86% (n=3) of patients.
However, oxygen requirements worsened in 71.43% (n=5) of
them. Radiographic changes remained stable in 85.71% (n=6)
and worsened in 14.29% (n=1) of the patients. PFT decline was
noted in 57.14% (n=4) patients, while 1 patient (14.29%)
remained stable following initiation of treatment for HP.

3.2. Main Results

In our study population, the most common exposure
leading to HP was mold and birds (both 29.57%, n=2). Use of
continuous positive airway pressure (CPAP), and exposure to
gases or fumes, and fiber glass were noted in 14.28% (n=1
each) of patients. Fibrotic HP was noted in 42.85% (n=3) of the
patients (Fig. 3). At least half (57.14%, n=4) of the patients
were ever-smokers (Table 1). Cigarette exposure among ever-
smokers was 14.0 + 7.12 pack-years (Table 1).

All patients received oral corticosteroids at some point in
their disease course for a mean duration of 2.50 + 0.65 months
with an average dose of 37.14 £ 12.54 mg (Table 2). All
fibrotic HP patients (43.0%, n=3) received antifibrotic therapy
(Nintedanib). Azathioprine (AZA) (43.0%, n=3) and
Mycophenolate mofetil (MMF) (14.0%, n=1) were also
utilized. Only 1 (14.0%) patient was compliant with exposure
elimination. Two (28.57%) patients had an ILD exacerbation
during the disease (Table 3). The mortality rate was 28.57%
(n=2) with a mean of 34.0 + 36.77 months from time of
diagnosis to death.

4. DISCUSSION

This study characterizes the exposures, management
strategies, and outcomes of HP patients in the rural
Appalachian region of WV. Avian and fungi exposure are the
predominant antigenic source of HP in this cohort. This finding
is in keeping with the most common exposure causing HP
worldwide [19 - 21] and in urban areas in the US [13, 22].
Historically, agriculture-related moldy-hay exposure was the
most common rural HP antigen [23, 24]. Agricultural pesticide
use has been suggested to trigger Farmer’s Lung [25]. Outside
the US, there is a different pattern to HP triggers. For example,
in urban Indian communities, air-conditioners have been
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reported as the most common HP trigger [26]. Another study
highlighted a strong association of environmental air pollution
with HP in India [27]. In China, low molecular weight
chemicals and animal proteins were the most common
exposures leading to HP [28]. This underscores the importance
of tailoring the clinical evaluation of patients suspected of
having HP depending on geographical and socioeconomic
determinants. Antigen detection and its subsequent elimination,
not only improves diagnostic yield and treatment expediency,
but also improves survival and halts the progression of disease
[29].

There is a growing body of evidence of novel antigens
causing HP. This cohort revealed an association of HP with
CPAP utilization. Chang et al. reported the first and only case
of HP associated with CPAP due to improper cleaning of the
device [30]. Contaminated water harboring molds and fungi
has been thought to cause HP [1]. With the rising prevalence of
OSA [31] and the consequent use of CPAP, it is expected that
the incidence of HP will rise due to the obesity epidemic in this
region [32]. Additionally, exposure to fiber glass was noted in
this cohort. Fiber glass is routinely used as insulation in
industrial and domestic products. Exposure to fiber glass by
inhalation has been associated with a variety of pulmonary
abnormalities [33 - 35].

Elimination of HP antigens has been shown to improve
mortality and symptom burden in both fibrotic and non-fibrotic
HP [12, 29, 36]. Nevertheless, the elimination of HP triggers
continues to be a challenge. The emotional attachment to pets
among owners who are allergic or sensitized to their pets is a
common obstacle [37]. The feasibility of eliminating exposures
when it is encountered at the workplace is low in some
instances as it may lead to loss of income and financial
instability [37]. Compliance to exposure elimination was
profoundly low in this cohort compared to other centers [38].
The observed difference may be rooted in the economic
disparity of rural populations whereby housing and
employment mobility may not be realistic [39]. Furthermore,
inequity of education level of rural populations may lead to
poor health literacy and distrust in physicians, which ultimately
results in poor compliance to treatment [39].

A significant portion of the patients (n=3, 42.85%) in this
cohort had fibrotic HP at the time of diagnosis. This finding is
unique in that, at most, only one-fourth of patients are
diagnosed with fibrotic HP at initial presentation in the US [3].
It is foreseeable that health disparities of rural populations may
have contributed to this finding [39]. Unfortunately, patients
with fibrotic HP have a significantly higher mortality [40]. To
reduce diagnostic delays, and consequently improve health
outcomes of patients with HP, effort must be made to improve
the expediency of referral to ILD centers.

More than half (n=4, 57.14%) of HP patients in this cohort
had tobacco use disorder. The rural Appalachian region has one
of the highest smoking rates in the US [41]. It is unsurprising
that the number of ever-smokers in this cohort was higher than
urban populations [13, 36]. Early in the disease, tobacco
exposure has been thought to be protective due to the
dampening of the immune system’s reaction to antigenic
material [42]. This is reflected in observation of the low
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prevalence of smokers in non-fibrotic HP [43]. Overtime, this
trend is reversed in that cigarette smoking is associated with
progressive fibrosis, worsening mortality outcomes, symptoms,
and quality of life [12, 44, 45]. Thus, ongoing cigarette
smoking should be strongly discouraged in patients with HP.

Corticosteroids are the most frequently used therapy for
HP patients in this cohort. Compared to Morisset et al., the
average daily doses were higher in this cohort (37.14 + 12.54
mg vs 10-30 mg) [46]. The duration of corticosteroid use was
also longer in this cohort. While corticosteroids were effective
in slowing the rate of PFT decline in fibrotic HP, and may even
improve symptoms in non-fibrotic HP, survival benefits have
not been robustly demonstrated [38]. Immunomodulators like
AZA and MMF, are attractive options that can be used to
reduce the adverse events profile associated with corticosteroid
[22]. The addition of AZA and MMF allows for the reduction
of the duration and cumulative dose of steroid therapy. Both
agents were infrequently used in this cohort in contrast other
ILD centers in the country where at least 50% of chronic HP
patients were managed with either AZA or MMF [22]. It is
unclear why there is a difference in the prescribing habits of
pulmonologists in this region.

Antifibrotic therapy was used in all patients with fibrotic
HP in our cohort. Benefits of antifibrotics include significantly
lowering the rate of PFT decline in patients with progressive
fibrosing ILD as demonstrated in the INBUILD trial which
enrolled 26 patients with chronic HP [47]. Symptomatic
improvement was observed in 57.14% (n=4), stabilization of
PFT in 14.29% (n=1) and radiographs in 85.71% (n=6) of
patients in this study. However, 5 patients (71.43%) had
worsening oxygen requirement despite treatment.

The mortality and ILD exacerbation rates (28.57%, n=2)
were higher in this cohort compared to a larger study of
chronic HP patients (12%) [48]. The median survival time from
diagnosis was similarly lower in our study compared to a cross-
sectional European study [49]. In an observational study, of the
14% of patients who had exacerbation of chronic HP, they
were more likely to be smokers [50]. While causality cannot be
determined, the observed higher mortality and ILD
exacerbation rates may be related to the higher prevalence of
cigarette smoking, longer lag-time between symptom onset to
diagnosis, and non-avoidance of antigenic source and advanced
fibrotic HP at the time of presentation. These factors may be
associated with health disparities commonly encountered in
rural populations, not exclusive to the WV Appalachian region
[6, 39, 51].

Other notable trends in this study include a higher
proportion of patients undergoing lung biopsy, either surgical
lung biopsy or transbronchial biopsies, for the evaluation of
diffuse lung disease compared to other retrospective studies of
HP patients [13, 22]. We speculate that this practice may be
related to the complexity of patients in this area requiring
invasive testing for diagnostic conundrums. A vast majority of
patients seen in this center present with wide-ranging
exposures, including those related to the predominant
occupation of coal mining [52]. Thus, pneumoconiosis due to
coal dust and silica may confound the diagnosis. Furthermore,
consistent implementation of the ILD multidisciplinary
collaboration between chest radiologists, thoracic pathologists,
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rheumatologists, thoracic surgeons, and pulmonologists is
challenging due to the lack of specialist availability [39].

4.1. Limitations

Our study has several limitations. The results of this study
are not generalizable outside of the WV Appalachian region.
This study was designed to measure the outcomes of the
population regardless of gender. Therefore, a gender-based
analysis of outcomes was not performed. The retrospective
nature of the study may potentially lead to selection bias. The
sample size of our study was small in comparison to other
studies with similar design. The rarity of the disease and the
shifting diagnostic criteria of HP are reasons why a larger
sample size for the study was not achievable. The magnitude of
effect analyses could not be performed. The smaller sample
size allowed for extensive examination to identify HP
exposures and their temporal relationship to symptom onset.
Smaller studies like this allow for the investigation of nuanced
features specific to a certain region and/or population.

4.2. Future Direction

Collaboration with medical centers in the Appalachian
region will enable the accumulation of a larger cohort of
patients with HP to investigate trends longitudinally and
prospectively in exposures, characteristics, outcomes, and
management for HP. The identification of factors leading to
poor compliance to antigen identification and elimination in
this population is essential to improve patient outcomes.

CONCLUSION

The most common HP-inducing exposures in rural
Appalachia are avian and fungi. Novel exposures, including
those related to CPAP use, gases and/or fumes, and fiberglass
have been reported in a minority of patients. Most patients had
fibrotic HP at the time of initial evaluation. The ILD
exacerbation and mortality rates are higher due to the presence
of a greater magnitude of risk factors (smoking, non-avoidance
of exposures, fibrotic HP at presentation) associated with poor
outcomes. This study underscores the diagnostic and
therapeutic challenges associated with management of HP in
the rural WV Appalachian region.
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