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Hypersensitivity pneumonitis (HP) is a complex interstitial lung disease caused by chronic inhalation of a wide variety of antigens
in susceptible and sensitized individuals, commonly associated with an occupational exposure. An impressive number of inciting
antigens causing hypersensitivity pneumonitis have been found to cover a wide range of occupations. As working practices have
changed over time, especially in industrialized countries, new names for occupational HP have emerged. This review emphasizes
the main diagnostic issues arising from the high variability of clinical presentation and the broad spectrum of causal antigens.
Furthermore, it provides an overview of current methods to unveil possible causes of hypersensitivity pneumonitis, highlights
HP’s current diagnostic and treatment challenges and the remaining areas of uncertainty, and presents prevention strategies.

1. Introduction

Hypersensitivity pneumonitis (HP) is a complex interstitial
lung disease caused by an immune-mediated inflammation
of the lungs driven by chronic inhalation of a wide variety of
antigens in susceptible and sensitized individuals, usually
found in adults and commonly associated with an occu-
pational setting [1].

Over time, the concept of hypersensitivity pneumonitis,
also known as “allergic extrinsic alveolitis,” has evolved. It was
first described 100 years ago in farmers exposed to moldy hay,
termed farmer’s lung [2]. Nowadays, more than 200 inciting
antigens causing HP have been found to cover a wide range of
occupations [3], bird fancier’s lung being the most common
[4]. As working practices have changed over time, especially
in industrialized countries, occupational HP names, such as
coffee worker’s lung, paprika splitter’s lung, and malt workers’
lung, are less frequently reported, and others, such as HP
induced by metalworking fluids, have emerged [5].

Depending on the inciting antigen type and length of
antigen exposure in an individual with a genetic pre-
disposition, the disease can have a heterogeneous clinical
presentation that varies from asymptomatic sensitization to
a certain antigen in exposed individuals to progressive lung
fibrosis [6] and can be expressed as a wide variety of imaging
patterns, morphological appearance, and outcome [1, 7].
This disease heterogeneity implies great uncertainty in
establishing a diagnosis in the absence of a gold-standard
diagnostic test. In the past years, progress has been made
regarding the classification of HP, diagnostic evaluation, and
management algorithm in patients with suspected HP, with
many clinical challenges left over despite the recent publi-
cation of two international consensus guidelines [6, 8].
Currently, the diagnosis is a matter of either the clinician’s
judgment or a multidisciplinary team (MDT) discussion,
based on a combination of a thorough history, clinical and
imaging data, bronchoalveolar lavage (BAL) pattern, and
serum immunological and histological findings [9].
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HP prognosis can be substantially improved by antigen
avoidance [10]. Therefore, identifying the common sources
of occupational exposure will ensure earlier avoidance and
stop further exposure to offending antigens.

Being considered mostly as an inflammatory disease,
immunosuppressive drugs such as corticosteroids and other
corticosteroid-sparing agents have an important role, while
antifibrotic agents show promising results in progressive
fibrotic lung disease.

This review presents an update regarding HP’s epide-
miology, antigen diversity, diagnostic challenges, and
management strategies.

2. Epidemiology

Given the wide variability of clinical presentation and the
lack of consensus over a definition for HP, the exact in-
cidence and prevalence of the disease in the general pop-
ulation remain unknown. Extrapolating the results of several
population-based studies to the general population, there is
an estimated incidence of 0.13-1.94 cases per 100 000 and
a prevalence of 0.45-2.71 cases per 100 000 [11-13] and
tends to increase with age to 11.2 cases per 100 000 in
patients older than 65 [11].

HP is a rare disease affecting mainly adults with a mean
age of 50-60 years [14], involving men and women almost
equally [13, 15], with some local variations found in a UK
epidemiological study, which reported men being affected in
an occupational setting four times more frequently than
women [14].

Significant variations in the prevalence of occupational
HP are observed from one country to another due to
geographical, climate, and seasonal differences, type and
quantity of antigens, level of industrialization, agricultural
techniques, and other features of the professional envi-
ronment. Therefore, the estimated burden of occupational
HP ranges from 0% to 81.3% of individuals with high-risk
occupations [16].

3. Antigens and Occupational
Sources of Exposure

The antigens triggering HP are either of organic origin
(animal or plant proteins, bacteria, and fungi) or inorganic
agents such as metals and chemicals [17]. Given the wide-
spread persistence of these antigens, HP can commence in
any environment: workplace, home, and recreational.
Nevertheless, every 5 case of HP has an occupational
origin; individuals working in agriculture, the food industry,
those exposed to metalworking fluids, processing wood,
working in construction, and textile manufacturing are at
the highest risk (Table 1) [14].

About 30% of all HP cases can be attributed to bird
exposure (pigeons, parrots and canaries, duck, goose,
and dawn) and bird-derived products like feathers and
droppings [4], causing bird fancier's lung. Farming
represents the second most common occupation, with
a vast spectrum of workplace exposures. Decaying veg-
etation, silage, fruits, vegetables, seeds, soil and organic
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fertilizers (organic waste and compost), and greenhouses
are common sources of bacterial and fungal antigens
for HP.

Due to evolving workplace practices, farmer's lung has
become less frequent. At the same time, exposures to various
species of bacteria, mycobacteria, and fungi from contam-
inated aerosolized water have been increasingly reported in
water-related pursuits such as machine operators, workers
with ultrasonic humidifiers, steam irons, air conditioners,
hot tubs, swimming pools, hydroponic cultivation, and
windpipe musical instruments [5, 18].

Individuals working in construction and manufacturing
are frequently exposed to isocyanates, the small-molecular-
weight substances derived from plastics and polyurethanes,
usually found in insulating spray foams, varnishes, paints,
and coatings that are recognized as the leading cause of
occupational asthma in industrialized countries [19]. The
isocyanate compounds can also trigger non-IgE-mediated
delayed hypersensitivity reactions, such as HP. Some oc-
cupational studies suggest that isocyanate-induced HP
prevalence could reach up to 27% in exposed workers [20].

Besides the workplace, the home environment can be an
important source of sensitization, coming from feather
duvets, carpets, moldy dwellings and bathrooms, and car air
conditioning with the most frequently involved causal
agents including Aspergillus spp., Penicillium sp., Wallemia
sebi, Botrytis cinerea, Trichoderma pseudokoningii, Cepha-
lotrichum sp., and Thermoactinomyces vulgaris [21].

4. Clinical Presentation

Conventionally, HP was classified as acute, subacute, and
chronic forms based on the duration of symptoms. However,
the criteria for defining these forms were very equivocal,
leading to an overlap of the subacute form with the acute and
chronic. Moreover, this classification failed to show an as-
sociation with prognosis. Since the outcome of HP is directly
determined by the presence of fibrosis, two recent guidelines
[6, 8] have taken up the two cluster classification concepts
that divided HP into nonfibrotic and fibrotic, two pheno-
types that vary from pure inflammation to a mix of in-
flammation with fibrosis of a various degree of extent.
However, Costabel et al. suggested preserving acute HP as an
entity due to its utility in characterizing outbreaks of HP
observed especially in an occupational environment [22].

Clinical presentation is heterogeneous and mostly non-
specific, varying from productive cough, dyspnea, and fatigue
often associated with an intermittent flu-like syndrome to
insidious disease with almost no symptoms for weeks and
months. In high-grade exposures to the offending antigens,
symptoms commonly start after 6-8 hours of exposure, that is
usually at the end of the working day, and resolve after
24-48hours of exposure discontinuance, meaning that pa-
tient may experience symptoms during working days and
improve in the weekend off work. In contrast, low-grade
exposure may not have very expressive clinical symptoms,
and the correlation with the working shift or days could be
absent [5]. A summary of the clinical presentation of the two
phenotypes of HP is presented in Table 2.
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5. Diagnostic Criteria

There is great uncertainty in establishing the diagnosis of HP
since currently there is no gold-standard diagnostic test. The
confusion grows even after two recent guidelines [6, 8] could
not agree upon the diagnostic criteria (Table 3). Thus, the
diagnosis of HP resembles a puzzle that can be solved by
matching multiple pieces: (a) clinical features (inspiratory
crackles, squeaks), (b) exposure identification, that includes
either a positive exposure history and/or the presence of
serum IgG against potential antigens (Table 1), (c) suggestive
HRCT imaging, (d) lung function, and (e) BAL lympho-
cytosis [6]. Both guidelines conceded that suspected cases
should be discussed in a multidisciplinary team (MDT)
comprised of clinicians, radiologists, and occupational
physicians, when necessary, that would decide the need for
surgical lung biopsy.

5.1. Exposure Assessment

5.1.1. Occupational History. Diagnosing HP may be chal-
lenging since clinical signs, and imaging data may overlap
with other ILDs. This is why HP should be considered
a potential diagnosis in any ILD case [6]. An obvious ex-
posure history associated with a suggestive imaging pattern
may be acceptable without serological or histopathological
confirmation. Moreover, a strong exposure history in a pa-
tient with usual interstitial pneumonia (UIP)-like pattern
might make the difference between idiopathic pulmonary
fibrosis (IPF) and HP [23]. Thus, exposure/occupational
history should be a mandatory diagnostic tool in the di-
agnostic algorithm of a newly diagnosed patient with ILD
(Figure 1).

It has been established that HP with unknown exposure
is associated with poor prognosis [10], and unfortunately, in
nearly half of HP cases, the offending antigens cannot be
recognized [24]. Several measures could contribute to in-
creasing the chances of identifying the exposures:

(a) Collecting a thorough environmental history [25],
which could be facilitated by using relevant envi-
ronmental and occupational questionnaires, which
are more likely to identify a potential inciting agent
when compared with clinical history [23]. Several
proposed questionnaires were designed for ILD, but
the majority included only a limited list of main
exposures, and all of them lacked validation. The
more comprehensive and HP-focused is the
evidence-based screening questionnaire for sus-
pected exposures proposed by Petnak et al. [26] that
should be adapted to the geographical area and local
working practices in order to maximize its efficiency.

(b) Involvement of industrial hygienists in order to use
their expertise to inspect the building systems, collect
samples, and identify potential exposures other than
the obvious ones [8, 27].

(c) Raising awareness about the possible impact of
a specific exposure in an occupational setting among
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workers from a potentially hazardous environment.
They could attribute acute respiratory symptoms
associated with fever and malaise not only to an
acute respiratory infection but also could suspect HP
as a potential alternative diagnosis and seek earlier
for a medical opinion.

5.1.2. Serum-Specific IgG. Measuring specific serum IgG
against the offending antigen is a diagnostic tool used in
patients with ILD that can distinguish HP with a sensitivity
and specificity of 83 and 68%, respectively [27]. In a large
study by Samson et al., patients with elevated specific serum
IgG levels had a nearly 10-fold increased likelihood of
subsequent HP diagnosis [28]. Most laboratories have de-
veloped panels for HP, which usually include common
serum-specific IgG, while specialized centers extract anti-
gens for testing from the patient’s environment [29] and
thus reveal hidden exposures, which give more accurate
results [30], but still lack validation. However, it should be
noted that positive circulating antibodies do not prove
causality [27]. In most cases, they are just markers of ex-
posure because many asymptomatic individuals show
similar levels of humoral responses [3]. This is why positive
serum-specific IgG should be interpreted carefully, mostly in
clinical and imaging-suggestive cases, thus avoiding po-
tential false-positive results.

5.1.3. Antigen Inhalation Challenge Tests. Following in-
haling a nebulized solution containing the suspected anti-
gen, clinical assessment, laboratory tests, lung function, and
imaging results are analyzed. The response criteria are
extensive and typically assessed at 8-12 hours after provo-
cation. They include respiratory symptoms, increased clin-
ical and laboratory signs of inflammation (fever, C reactive
protein, and leukocytosis), and decreased blood oxygenation
and lung function. The procedure is not standardized and
lacks validation, but several studies show a sensitivity and
specificity that ranges from 73% and 84%, respectively, to
100% [31, 32]. Being a challenge test, it possesses a risk of
a severe reaction; therefore, it should be assigned only when
other investigations have been uninformative and need to be
performed in specialized centers. Neither of the guidelines
currently recommends the antigen inhalation challenge tests
(6, 8].

5.2. Bronchoalveolar Lavage. Although not unanimously
recognized as a valuable tool for diagnosing HP by the
guidelines (Table 3) [6, 8], the bronchoalveolar lavage (BAL)
fluid provides not only evidence of a T-cell activation
triggered by a certain antigen exposure but can also be used
to rule out an alternative diagnosis, such as an infection.
Flow cytometry may be helpful to support a diagnosis of HP
whenever the CD4+ to CD8+ ratio has low values ranging
between 0.5 and 1.5. In contrast, higher ratios suggest
pulmonary sarcoidosis, another granulomatous disorder
with lymphocytosis in the BAL. In limited cases, especially in
smoking patients, screening for CDla+ T- cell numbers in
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FiGure 1: Imaging patterns in HP. (a) Axial section of chest high-resolution computer tomography (HRCT) showing ill-defined
centrilobular nodules (white asterisk) and areas of air-trapping (arrows) suggesting small airway involvement. (b) Ground-glass opaci-
ties and mosaic attenuation (ground glass alternating with air-trapping (arrows)) suggestive of predominant interstitial infiltration. (c) The
“three density sign” comprised of lung lobules with normal density (white asterisk), lobules with ground-glass attenuation (arrowheads),
and lobules with decreased density due to air-trapping (arrows). (d) Fibrotic HP presented by areas of ground glass accompanied by traction

bronchiectasis (black arrow) and honeycombing (white arrow).

BAL fluid could help distinguish an initial stage of Lang-
erhans cell histiocytosis from HP. However, due to high
variability, flow cytometry of the BAL has limited clinical
utility [33].

It is widely accepted that a high percentage of alveolar
lymphocytosis increases the likelihood of HP. Thus, a lym-
phocyte count >30% in the BAL in an patient with ILD may
increase the diagnostic confidence for HP to highly probable
and make the lung biopsy unnecessary [6, 8]. However, the
lack of BAL lymphocytosis in the fibrotic type does not
exclude it [25], while the absence of lymphocytosis in the
nonfibrotic pattern almost rules out the possibility of HP [6].
BAL lymphocytosis may also have a prognostic role sug-
gesting more inflammation or less fibrosis, becoming
a predictor of treatment response [34].

From a clinical point of view, for diagnostic purposes,
BAL has the highest utility in ILDs, especially in cases with
suggestive symptoms and positive exposure history but with
an indeterminate HRCT pattern.

5.3. Chest Imaging. Chest HRCT is a centerpiece in-
vestigation for the diagnosis of HP. When suspected, two
images should be acquired: one after deep inspiration and
the second after prolonged expiration [8]. Typically, there

are signs of parenchymal lesions, mainly of the interstitial
space, featured on HRCT by ground-glass opacities and
mosaic attenuation, and of small airways involvement
suggested by the presence of ill-defined centrilobular nod-
ules and air-trapping (Figure 1) [6]. These features can be
found in both fibrotic and nonfibrotic HP. Another almost
pathognomonic imaging sign that has a specificity of 93% for
a diagnosis of fibrotic HP [35] is the “three density sign,”
previously known as the “headcheese sign,” which resembles
a patchwork of lung lobules with normal density, alternating
with lobules with ground-glass attenuation and lobules with
decreased density and decreased vessel size due to air-
trapping [36]. For the fibrotic pattern of HP, there is
a coexistence of previously described opacities with traction
bronchiectasis and honeycombing, which are most likely not
to show a preferable distribution as it was previously stated
[37], since some recent studies found only 10% of fibrotic
HP cases having an upper lobe predominance [38, 39].

Existing guidelines describe specific features of single
clinical entities. At the same time, in real life, clinicians face
a real challenge in distinguishing an ILD from another, with
the most significant difficulties found in fibrotic ILDs.
Figure 2 proposes an approach when IPF and fibrotic HP are
major diagnostic considerations emphasizing the clinical,
imaging, and pathological distinctions.
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Clinical features

Imaging features

Pathological features

Demographic data and

smoking history

Family history and genetics

Symptoms

Exposure history

Physical examination

Functional findings

Laboratory findings

Disease behavior

HRCT appearance

HRCT patterns and
degrees of diagnosis
confidence

Fibrosis on biopsy

Morphopathological
features and degrees of
diagnosis confidence

Treatment distinctions

T Overlapping profile between IP

Male predominance
Older age (>60 y)
Smoker or former smoker

Family history of fibrosis and/or
predisposing genetic factors
(MUC5B, short telomere etc)

<-

Dyspnea and cough
Insidious onset
Absence of symptoms to suggest
systemic disease

No identified antigen

4

No identifiable or indeterminate
antigen

<+

Inspiratory crackles
Clubbing (may be more common in IPF)

<

Restrictive ventilator defect
Obstructive or mixed pattern (eg.
Smoker in IPF, fHP)

lymphocytosis

Negative or only weakly positive
autoimmune serologic findings,
BAL neutrophilia and absence of

Typically progressive over months
to years

Distribution
Craniocaudal: Basal
predominant, includes
costophrenic angles

- Axial: subpleural predominant
Fibrosis

Reticular pattern and traction
bronchiectasis

Minimal ground glass
AND

Absence of signs of small
airways disease

l | Subtle reticulation not

suggestive of a specific cause or
suggestion of UIP pattern but
with atypical features,
including:
- Presence of some
peribronchovascular involvement
- Relative sparing of extreme
costophrenic angles
- Extent of ground-glass opacity
similar to that of reticulation
AND
Not enough signs of small
airways disease to suggest fHP
Hypoattenuating lobules on
inspiratory imaging suggestive of
airtrapping, but without
expiratory imaging to confirm
Few hipoattenuating or
preserved lobules
No signs of small airways disease

High Moderate
confidence d
UIP Probable UIP)

Honeycom
bing

No
honeycombing

Indeterminate for
UIP and fHP

UIP pattern

- Dense fibrosis with
architectural distortion
Patchy

- Fibroblastic foci
Predominantly subpleural

/paraseptal distribution
AND
No significant features of fHP

Features favoring a pattern
other than UIP of IPF or
fibrosing process with features
suggestive of UIP in setting
other than IPF

AND

Not enough ancillary features of
fHP

. Moderate
High confidence
(probable UIP)

Indeterminate for
UIP and fHP

Some features
All features of UIP present
are present OR only
P honeycombing
Antifibrotic therapy

No known sex predominance
Any age
Smoker, former smoker, or nonsmoker

Identified antigen

May stabilize or improve with antigen avoidance

Mid-inspiratory squeaks

BAL lymphocytosis

May be stable and/or slowly
progressive over years

Distribution

« Could be variable, but:

- Craniocaudal: Mid or upper lung
zone is suggestive

- Axial: Peribronchovascular
involvement is suggestive

Fibrosis

« Reticular pattern and traction
bronchiectasis

« Honeycombing may present but
does not predominate

AND

Presence of signs of small airways

disease

Moderate High
fid fid
‘Compatible with Typical of HP
HP!
Hypoatenuating - Three
lobules on density sign
inspiratory imaging
with air trapping on - Profuse
expiratory imaging poorly defined
Well demarked ground glass
d lobul centrilobular
preserved lobules Sl
with intervening nodules
diffuse ground glass
opacities

A background of fibrosis (eg. UIP,
NSIP, difficult to classify)
AND
Ancilary features of fHP

- Predominantly peribronchiolar
fibrosis

OR

- Peribronchiolar metaplasia >50%
of bronchioles OR

- Poorly formed granulomas

OR

Pure peribronchiolar fibrosis

Moderat

m:ﬁﬁ High confidence
(compatible ical of fHP
with fHP) Poorly formed,

non-necrotizing

ranulomas
No granulomas 8

Immunosuppressive therapy

FIGURE 2: An approach to the assessment of clinical, imaging, and pathological features in patients with IPF, fHP, or both as primary
diagnostic considerations in the absence of alternative causes (adapted after Marinescu et al. [40]).

5.4. Lung Function. Pulmonary function tests (PFTs) are
part of the mandatory assessment of a patient with HP, as
they are for any ILD. While unable to describe any specific

changes, PFTs are a valuable tool in assessing the severity,
predicting the outcome, and following up for progression. In
HP, regardless of the phenotype, the main ventilatory



10

abnormality is restriction; therefore, a reduced forced vital
capacity (FVC) is a common finding, followed by a low
carbon monoxide diffusing capacity (DLCO) as a marker of
involvement of the interstitial space [6]. Reduction in these
two parameters is a strong indicator of progressive pul-
monary fibrosis, which can be established in cases of >10%
decrease in FVC alone or 5-9% decline in FVC, >15% re-
duction in DLCO with deteriorating symptoms, and/or
progression on CT scan over 6-12 months despite treatment
[41]. More comprehensive studies could reveal the unique
feature of small airway involvement in HP, especially in the
fibrotic type. They usually demonstrate air-trapping,
expressed by increased residual volume (RV) and increased
residual volume and total lung capacity ratio (RV/TLC), as
was shown by Dias and colleagues. [42]. Earlier studies also
found predominant obstructive abnormalities, suggesting
the presence of bronchiolitis and emphysema [43]. While
changes in PFTs stated above can be described in both
phenotypes at baseline, with treatment and antigen avoid-
ance in the nonfibrotic HP, lung function could be com-
pletely recovered. In the fibrotic type, only modest
improvements can be achieved.

The six-minute walking test (6MWT), a cheap, easy-to-
perform investigation, is a composite of exercise tolerance,
the degree of pulmonary vasculopathy, gas exchange effi-
cacy, and patient mobility [44], that can be used as a follow-
up and a prognostic tool. Although unable to demonstrate
a distinctive pattern for HP, shorter walking distances and
higher levels of oxygen desaturation (SaO,) are associated
with severe disease and poor outcome [45]. Among the few
studies performed specifically on HP patients, a recent paper
showed that longer walking distance indicates a good re-
sponse to treatment. Moreover, reductions in the 6MWT
distance correlate with DLCO, while higher levels of desa-
turation were associated with lower vital capacity (VC) and
DLCO values [46].

5.5. Lung Biopsy. In most cases suspected of HP, obtaining
a lung tissue sample is unnecessary, and the diagnosis relies
on the clinical features, a positive exposure history, and
a suggestive imaging pattern. However, in inconclusive
cases, after an MDT discussion, a lung biopsy could be
recommended. There are several approaches for performing
a lung biopsy: transbronchial forceps biopsy, transbronchial
lung cryo-biopsy (TBLC), or surgical lung biopsy (SLB). The
optimal method selection is usually determined by the HP
phenotype, comorbidities, functional status of the patient,
and procedure-related complications risks, such as the
potential to induce an acute exacerbation, bleeding, pneu-
mothorax, and last but not least—local experience in per-
forming the procedure. Despite a low diagnostic yield of only
37% (95% CI 32-42) [6], the ATS/JRS/ALAT guideline
recommends transbronchial forceps biopsy in cases sug-
gestive of nonfibrotic HP instead of more invasive methods
of obtaining lung tissue, while in fibrotic HP, the latter are
preferred [6] (Table 3). TBLC has a higher estimated di-
agnostic yield for HP (82%) [47], although it possesses an
increased risk of bleeding and pneumothorax [48]. With
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similar potential complications as TBLC but with an ad-
ditional increased risk of postprocedural exacerbations and
death, having a diagnostic yield of 96%, SLB remains the
gold standard for tissue sampling [6].

As expected, HP’s imaging phenotypes are reflected by
a range of histopathological patterns.

The non-fibrotic HP can be morphologically represented
by a triad of lesions affecting both the interstitium and the
small airways, typically involving predominantly the central
regions of the secondary pulmonary lobule, being expressed
by lymphocyte inflammatory infiltrate like in cellular non-
specific interstitial pneumonia (NSIP) with focal organizing
pneumonia, cellular bronchiolitis, and poorly or loosely
formed granulomas. All these patterns may be accompanied
by scattered multinucleated giant cells in various com-
partments of the lung parenchyma, predominantly in the
peribronchiolar interstitium. Other common features of HP
are the presence of cytoplasmatic inclusions such as cho-
lesterol clefts, Schaumann bodies, or asteroid bodies [49, 50].

The fibrotic HP is morphologically represented by the
same background of interstitial pneumonia and bronchio-
litis with over-imposed fibrosis, having an important
distinction from other fibrotic ILDs given by the bron-
chiolocentric distribution of both inflammation and fibrosis,
accompanied by the presence of granulomas or multinu-
cleated giant cells [51]. Occasionally, features of fibrotic
NSIP and fibroblastic foci, the hallmark of UIP, can be
detected [52].

6. Prognostic Factors

The course of HP can be influenced by a large number of
factors: demographic data, antigen exposure, chronicity of
disease, smoking status, comorbidities, genetics, and some
clinical data.

Older age is widely reported to be associated with in-
creased mortality. Ferndndez Pérez and colleagues found
that patients older than 65 have significantly higher mor-
tality rates than younger ones (115.9 vs. 37.5 per 1000
person-years) [11]. The same database recorded a worse
survival in male patients, although females registered
a higher prevalence of HP [11]. Similar studies from Spain
and China have found no difference in mortality between
sexes [53, 53, 54, 54], whereas a Portuguese cohort recently
proposed the ILD-GAP index as a good predictor for
mortality in fibrotic HP [55].

Interestingly, while commonly the smoking effect on the
lung is injurious, in the case of two granulomatous diseases,
such as sarcoidosis and hypersensitivity pneumonitis,
smoking may be associated with a decrease in the incidence
of disease [56]. However, although older reports found that
acute HP is less common in smokers, patients who smoke
are more prone to develop lung fibrosis [57]; thus, smoking
is associated with worse overall survival in patients with HP.

HP involves an environmental antigen; therefore,
avoiding the antigen is the key to disease resolution. Since in
half of the cases, the antigen cannot be identified [5],
avoiding further exposure becomes impossible. There are
conflicting data on the impact of antigen exposure on disease
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course in patients with HP. Complete antigen avoidance
resulted in no recurrence or development of fibrosis in
patients with nonfibrotic HP and longer survival in both
fibrotic and nonfibrotic HP [10, 58]. Still, despite complete
antigen avoidance, patients with fibrotic HP developed
progressive lung fibrosis [58].

Currently, in most cases, discrimination between non-
fibrotic and fibrotic HP can be made with confidence based
on HRCT features. The fibrotic pattern (UIP) found at
imaging, or the histopathological investigation poses an
increased mortality risk [59]. According to Salisbury et al.,
HP patients who displayed honeycombing at HRCT showed
a similar survival rate to IPF patients [60]. Moreover,
honeycombing in patients with HP defines progressive fi-
brosis, which is associated with a higher mortality rate [61].
Similar findings in terms of prognosis were detected when
the UIP pattern was determined in lung biopsy samples [6].
Conversely, ground-glass opacification, air-trapping, and
mosaic attenuation on HRCT have been associated with
improved survival [62].

Certain circulating biomarkers, such as KL-6, YKL-40,
and CCL17, or markers of autoimmunity (positive ANA and
autoimmune thyroiditis), have been associated with disease
progression [22]. Due to the intensified release by the
regenerating type II pneumocytes in the affected lung,
specifically, KL-6 is noticeably raised in ILDs with a strong
inflammatory background. Considering nonfibrotic HP and
fibrotic HP as two ends of the inflammation-fibrosis spec-
trum, KL-6 has the potential to differentiate these forms of
HP; therefore, it can be used as a prognostic tool as well as an
instrument able to discriminate fibrotic HP from IPF
[63, 64]. Since most studies regarding serum biomarkers
derive from Asian countries, these biomarkers may need
validation in other populations. Additionally, short telo-
meres and reduced BAL lymphocytosis may be linked to an
inability to respond to immunosuppressive treatment [65].

About half of fibrotic HP cases develop pulmonary
hypertension, and this complication is directly associated
with the disease severity and also with worse survival [66].
Higher mortality rates are also found in HP patients with
lower FVC and DLCO values [53, 54]. Moreover, patients
who develop progressive pulmonary fibrosis tend to show an
IPF-like behavior with similar mortality rates [41].

Despite the multitude of HP prognostic factors, their
impact on an individual patient remains unknown. Each
patient should be considered as a unit, and a holistic ap-
proach, including the impact of comorbidities, will improve
prognosis evaluation and quality of life. Interestingly,
a recent study identified three clusters with distinct
comorbidities that could represent different phenotypes in
HP. The authors claimed that mortality and respiratory
hospitalizations were higher in the cluster dominated by
cardiovascular diseases [67].

7. Treatment

Currently, there is no unanimous agreement regarding the
therapeutic approach of HP. Since this ILD entity has
a predominant inflammatory character driven by exposure

11

to an inciting antigen, antigen avoidance and corticoste-
roids/immunosuppressive drugs are the mainstay of HP
treatment. At the same time, antifibrotic agents show
promising results in the progressive fibrotic phenotype of
HP. Another treatment option designated for advanced
disease is the lung transplant.

As previously stated, identification and complete antigen
avoidance, although somewhat challenging, are key to
a better outcome in patients with HP [10]. Especially in an
occupational setting, hygienist interventions would increase
the effectiveness of the measures for antigen detection and its
elimination from the environment [68].

Although there is limited evidence supporting this
therapeutic approach, the two types of HP benefit from
slightly different treatment options.

In nonfibrotic HP, corticosteroids are often the drugs of
choice, and commonly, the treatment regimen consists of
prednisone 0.5-1mg/kg/day for 1-2weeks, followed by
a gradual tapering until a maintenance dose of 10 mg/day
[69]. There are no current guidelines that would state
otherwise, but, in clinical practice, if there is a radiological,
functional, and clinical improvement and the patient has
ceased the exposure, the corticosteroids could be tapered off
after a period of several months. Data suggest lung function
improvement in short-term follow-up studies, while the
long-term treatment does not show any favorable effect [70].

In the case of fibrotic HP, treatment recommendations
are more equivocal. The empirical initial dose will be
maintained for 4-8weeks and gradually tapered to the
lowest efficient dose, usually 10 mg/day. Clinical, imaging,
and functional data will dictate treatment duration and dose,
but given the inflammatory background of the disease and
the fact that the inciting antigen remains undiscovered in
around half of cases, immunosuppression may be required
for an extended period (months, years).

When more prolonged use of corticosteroids is required
due to progression and/or frequent relapses or when antigen
avoidance is not possible, earlier transition to steroid-
sparing agents, such as mycophenolate (MMF) or azathio-
prine (AZA), might be a reasonable alternative, with fewer
adverse either in monotherapy or in combination with low
dose steroids [71]. In the case of fibrotic HP, compared to
corticosteroids, AZA/MMF was associated with similar
mortality risk [71], despite improved lung function after one
year, fewer adverse events, and better adherence to im-
munosuppressive treatment [72].

There is growing evidence about the benefits of anti-
fibrotic therapy in patients with fibrotic HP that show
pulmonary fibrosis progression despite adequate treatment.
Various combinations of worsening of respiratory symp-
toms, decline of FVC and DLCO, and/or evidence of in-
creasing fibrosis on HRCT are used to define progression.
However, despite a recently published guideline [73], there is
still a lot of confusion regarding the timing of the antifibrotic
therapy initiation, which antifibrotic agent is preferred,
whether it should be as an add-on therapy to immuno-
suppression or alone, issues that have been addressed ex-
tensively elsewhere [74]. Currently, only nintedanib has
been approved for use in fibrotic HP in several countries
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[75], while pirfenidone has been studied only in small co-
horts with promising results [76-79].

8. Prevention

Avoiding exposure to the offending antigen plays a central
role in preventing HP; this is why regular workplace in-
spection for potential sources of antigens is crucial. Since
most antigens are either of bacterial or fungal origin, using
antimicrobial and antifungal solutions, cleaning, removing
water-damaged objects, disinfecting, and sterilizing the
equipment have proved to be efficient in reducing the
antigen load in the environment. Personal protective
equipment such as respirators and masks are able to limit
inhalation of the inciting antigens, while dust respirators
have limited efficiency in protecting against organic
matter [22].

9. Questions for Future Research

Despite the advances that have been made lately, there are
still knowledge gaps, which impose future research about
HP. There is a compelling necessity for standardized and
validated diagnostic tools (exposure questionnaires, iso-
lation of the antigen from the patient’s environment, serum-
specific IgG panels, challenge test standardization, and BAL
lymphocytosis threshold). Artificial intelligence shows
promising results and has demonstrated an enormous po-
tential that could facilitate the diagnostic process and be
a valuable tool for research. While treatment of nonfibrotic
HP is unequivocal, managing fibrotic HP is still challenging,
even for experienced clinicians. Due to the low level of
evidence for current immunosuppressive treatment and
concerning long-term outcomes, better quality trials are
warranted for longer follow-up periods. Similarly, there is
a need for better evidence about the potential benefit of
antifibrotics in the progressive fibrotic HP phenotype.

More studies about proteomics and genotyping of this
category of patients would give a better overview of HP
pathogenesis, which will enable the identification of bio-
markers for predicting disease behavior.
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