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Abstract
Hypersensitivity pneumonitis (HP) is a complex and heterogeneous interstitial lung disease (ILD) that
occurs when susceptible individuals develop an exaggerated immune response to an inhaled antigen. In
this review, we discuss the latest guidelines for the diagnostic evaluation of patients with suspected HP, the
importance of identifying patients with fibrotic and progressive disease, and the evidence supporting the
drugs commonly used in the treatment of HP. Differential diagnosis of HP can be challenging and requires
a thorough exposure history, multidisciplinary discussion of clinical and radiologic data, and, in some
cases, assessment of bronchoalveolar lavage lymphocytosis and histopathologic findings. Patients with HP
may be categorised as having non-fibrotic or fibrotic HP. The presence of fibrosis is associated with worse
outcomes. A proportion of patients with fibrotic HP develop a progressive phenotype, characterised by
worsening fibrosis, decline in lung function and early mortality. There are no established guidelines for the
treatment of HP. Antigen avoidance should be implemented wherever possible. Immunosuppressants are
commonly used in patients with HP but have not been shown to slow the worsening of fibrotic disease.
Nintedanib, a tyrosine kinase inhibitor, has been approved by the US Food and Drug Administration for
slowing the progression of chronic fibrosing ILDs with a progressive phenotype, including progressive
fibrotic HP. Non-pharmacological interventions, such as oxygen therapy, pulmonary rehabilitation and
supportive care, may be important components of the overall care of patients with progressive HP.
Introduction
Hypersensitivity pneumonitis (HP) is a complex interstitial lung disease (ILD) caused by exposure to an
inhaled antigen [1, 2]. Recently, two guidelines for the diagnosis of HP were published by the American
Thoracic Society/Japanese Respiratory Society/Asociación Latinoamericana de Tórax (ATS/JRS/ALAT) [1]
and the American College of Chest Physicians (CHEST) [2]. As well as providing algorithms to guide the
evaluation of patients with suspected HP, these guidelines proposed that clinical, radiologic and pathologic
findings be used to categorise patients as having fibrotic or non-fibrotic HP. HP is a disease of many faces
– from inflammatory self-limiting disease to relapsing or progressive inflammatory disease to chronic
fibrotic disease resembling idiopathic pulmonary fibrosis (IPF) – and its phenotype has important
implications for prognosis and treatment. In this article, we discuss the differential diagnosis of HP, the
importance of identifying patients with fibrotic and progressive disease, and the evidence available to
guide the management of fibrotic and non-fibrotic HP.
Aetiology and pathogenesis
HP occurs when susceptible individuals develop an exaggerated immune response following inhalation of
an inciting antigen or mixture of antigens [3, 4]. Several genetic polymorphisms, including those in major
histocompatibility complex class II, have been associated with susceptibility to HP [5–8]. The MUC5B
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allele rs35705950 has been associated with a greater extent of radiographic fibrosis, and short telomere
length has been associated with worse survival [7]. Transcriptomic analysis of lung tissue has revealed
genetic signatures common to HP and IPF, as well as genes uniquely expressed in HP [9]. Inciting
antigens may be microbial, plant, avian or animal-based proteins, or inorganic low -molecular weight
chemical agents that combine with host proteins to form haptens [1–3, 10]. Exposure may occur in home,
work or recreational environments [1, 3, 11]. Viral infections may trigger or exacerbate hypersensitivity to
environmental antigens by increasing the antigen-presenting capacity of alveolar macrophages, decreasing
the clearance of antigens, and stimulating the release of inflammatory cytokines [12]. Tobacco smoking
also has an impact on immune reactivity to inciting antigens, driving the pathogenetic process towards
fibrotic disease [13, 14].
Inflammation in HP is mediated by both humoral and cellular mechanisms [1, 4]. Following antigen
exposure and processing by the innate immune system, the inflammatory response is predominantly
mediated by T-helper cells and antigen-specific immunoglobulin (Ig) G antibodies, leading to the
accumulation of lymphocytes and the formation of granulomas [4]. While the pathogenesis of pulmonary
fibrosis is not fully understood, it is believed that in fibrotic disease, abnormal repair mechanisms
following recurrent alveolar epithelial injury lead to fibroblast activation and proliferation, the accumulation
of extracellular matrix, and the eventual destruction of the lung architecture [3, 4, 15].
Classification
Historically, HP was classified as acute, sub-acute or chronic, based on the duration of symptoms [16], but
this classification is now regarded as of little clinical value due to difficulties in distinguishing these
categories and their lack of association with outcomes [17]. As the presence of fibrosis is a critical
determinant of prognosis [18–22], the latest guidelines for the diagnosis of HP propose that patients be
categorised as having non-fibrotic (purely inflammatory) HP or fibrotic HP (mixed inflammatory and
fibrotic or purely fibrotic) [1, 2]. Patients in whom a culprit exposure has not been identified but who
otherwise have features typical of HP may be described as having “cryptogenic HP” or “HP of
undetermined cause” [1].
Diagnostic evaluation
The diagnosis of HP requires multidisciplinary discussion based on clinical, radiologic and, in some
cases, bronchoalveolar lavage (BAL) lymphocytosis and histopathologic data [1, 2]. Based on the
CHEST guidelines, a confident diagnosis of HP can be made in patients who have an identified exposure
and a typical HP pattern on a high-resolution computed tomography (HRCT) scan [2]. Based on the
ATS/JRS/ALAT guidelines, a confident diagnosis of HP also requires evidence of BAL lymphocytosis
(figure 1) [1]. Differentiating HP from other ILDs can be challenging, as the clinical, radiologic and
histopathologic features of HP are highly variable and overlap with those of other ILDs. Inflammatory
disease may go unrecognised, while fibrotic disease may be misdiagnosed as IPF [23]. Physicians should
be suspicious of HP in all patients with evidence of ILD. Potential exposures should be investigated
using a structured approach [11, 24]. However, for many patients with HP, the causative antigen will
remain unidentified [25, 26].
The role of HRCT
HRCT plays a key role in the diagnosis of HP and in the detection of fibrosis. The typical computed
tomography (CT) manifestations of HP reflect the bronchiolocentric inflammation seen on histopathology,
which leads to small, ill-defined ground-glass nodules with a profuse distribution across all lung zones
(figure 2). This bronchiolocentric inflammation may also lead to a narrowing of small airways, leading to
lobular air-trapping. More extensive interstitial inflammation may lead to ground-glass opacities and an
increase in lung density with preserved visibility of the vessels and bronchial walls. In HP, this ground
glass typically shows a patchy distribution referred to as mosaic attenuation (figures 2 and 3). The
combination of a patchy distribution of normal-appearing lobules, ground glass, and lobules of decreased
lung density and vessel size is called the three-density pattern (formerly the head-cheese sign) and is the
CT pattern of greatest specificity for HP. Signs of fibrosis include a combination of reticular abnormalities
and/or ground glass with traction bronchiolectasis or bronchiectasis, a loss of lobar volume, and
honeycombing (figure 3).
The role of BAL lymphocytosis
Interpretation of BAL lymphocytosis is not entirely straightforward, as lymphocytosis occurs in several
ILDs and may vary broadly between fibrotic and non-fibrotic forms of HP. BAL lymphocytosis may be
unnecessary where there is a high pre-test probability of HP, since it will not greatly influence the
probability of the diagnosis. It has greatest value when there is a high pre-test probability of HP based on
https://doi.org/10.1183/16000617.0169-2021
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Patient with newly detected interstitial lung
abnormalities on chest imaging
Exposure assessment# and chest HRCT scan¶
BAL with lymphocyte cellular analysis,
with or without TBLB+

Exposure identified AND typical HP
pattern on HRCT AND BAL
lymphocytosis

All other combinations of
exposure, HRCT, BAL and
TBLB findings

Multidisciplinary discussion

Unclear diagnosis

High-confidence diagnosis of HP

Multidisciplinary discussion

Reconsider
exposures

Consider TBLC§ or SLB##

Multidisciplinary discussion

Diagnosis of HP
FIGURE 1 Algorithm for the diagnosis of hypersensitivity pneumonitis (HP). Reproduced from [1] with permission. #: exposure assessment includes
a thorough clinical history and/or serum immunoglobulin G testing against potential antigens associated with HP and/or, in centres with the
appropriate expertise and experience, specific inhalational challenge testing. ¶: high-resolution computed tomography (HRCT) should be performed
using the technique described in the guidelines and then reviewed with a thoracic radiologist. +: transbronchial lung biopsy (TBLB) is suggested for
patients with potential non-fibrotic HP. §: transbronchial lung cryobiopsy (TBLC) is suggested for patients with potential non-fibrotic HP, depending
on local expertise. ##: surgical lung biopsy (SLB) is infrequently considered in patients with non-fibrotic HP. BAL: bronchoalveolar lavage.

either exposure history or imaging, but discordance between the history and imaging lowers overall
diagnostic confidence. In this setting, a BAL lymphocyte count >30% may increase the diagnostic
confidence for HP to highly probable and spare the patient further invasive procedures. In patients with
fibrotic ILD, a BAL lymphocyte count >30% is highly specific for HP, but the absence of lymphocytosis
does not exclude HP as a diagnostic consideration, and lung biopsy should be pursued when appropriate.
The absence of lymphocytosis in non-fibrotic disease lowers the probability enough to exclude the
possibility of HP.
Ultimately, the value of BAL lymphocytosis largely depends on the pre-test probability of HP. The ATS/
JRS/ALAT guidelines recommend BAL with assessment of lymphocytosis, as well as an exposure history
and an HRCT scan, in patients with newly detected ILD prior to multidisciplinary discussion [1], while the
CHEST guidelines recommend multidisciplinary discussion of exposures and HRCT pattern before
considering BAL, and not undertaking BAL in patients with an exposure history, clinical context and
HRCT pattern typical for HP [2].
The search for an exposure
The most basic method to identify potential exposures is a carefully taken history using a structured
questionnaire [11, 24], but it is unlikely that any questionnaire would be appropriate in all settings.
Specific IgG tests can be valuable to pursue suspicious exposures or point towards an as-yet-undetected
exposure, but there is a lack of well-defined predicted values for specific IgGs and the tests cannot
differentiate between sensitisation and disease [1, 11]. Exposure tests such as the specific inhalation
challenge are highly sensitive and specific for HP but can only be performed at expert centres.
https://doi.org/10.1183/16000617.0169-2021
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Inhaled small
organic particles

a)

Bronchiolocentric inflammation

b)

Centrilobular ground-glass
nodules

d)

Narrowing of small airways

Air-trapping

c)

Interstitial inflammation

Ground glass

e)

Mosaic attenuation pattern

Three-density pattern

FIGURE 2 High-resolution computed tomography (HRCT) findings in hypersensitivity pneumonitis (HP). a) The
reaction to inhaled antigens leads to bronchiolocentric inflammation, which on computed tomography can be
seen as ill-defined centrilobular ground-glass nodules. b) Narrowing of the involved small airways by the
inflammatory process may lead to retained air in the involved lobules on expiratory scans (air-trapping). The
involved lobules appear darker on the expiratory scan (*). c) Diffuse interstitial inflammation leads to an
increase in lung density with visibility of vessels and bronchial walls and is called ground glass. d) In HP,
lobular areas with ground glass are frequently intermixed with lobules of normal appearance, leading to a
patchwork of lobules with differing density, which is called mosaic attenuation. e) A patchwork of lung lobules
with normal density, with lobules with ground-glass attenuation and lobules with decreased density and
decreased vessel size due to air-trapping is called the “three-density pattern” and is the most specific sign for
HP on HRCT. This pattern is more accentuated on expiratory scans.

The inhalation challenge might include commercially available antigens as well as antigens obtained from
the patient’s environment [27].
The role of lung biopsy
Lung biopsy should be avoided in patients in whom a confident diagnosis of HP can be made following
multidisciplinary discussion of clinical and radiologic findings, exposure history, and BAL lymphocytosis
(figure 4) [1, 2]. In patients who have a suspicion for HP but for whom a confident diagnosis cannot be
made based on the available data, obtaining lung tissue is recommended if warranted based on the
https://doi.org/10.1183/16000617.0169-2021
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a)

b)

FIGURE 3 Typical fibrotic hypersensitivity pneumonitis on high-resolution computed tomography. Computed
tomography (CT) scan of a 64-year-old male patient. a) Axial CT scan. b) Coronal CT scan. Mosaic attenuation
at inspiration affecting all lung zones with signs of fibrosis (traction bronchiectasis) with no features suggesting
an alternative diagnosis.

risk:benefit for the individual patient. No recommendation for the use of transbronchial cryobiopsy over
surgical lung biopsy was made in the ATS/JRS/ALAT or CHEST guidelines; however, the findings of a
systematic review and meta-analysis of data from 447 patients suggest that transbronchial cryobiopsy may
pose a lower risk of morbidity and mortality [28].
The complex spectrum of pathologic variation makes it challenging to interpret biopsy findings in
isolation. Biopsies should be reviewed by a pathologist experienced in ILD in the context of clinical and
radiologic findings. The ATS/JRS/ALAT and CHEST guidelines propose the same general criteria for
pathologic findings in non-fibrotic and fibrotic HP [1, 2]. Typical non-fibrotic HP exhibits four key
features: 1) small airway involvement, 2) uniform cellular interstitial inflammation that is 3) predominantly
lymphocytic, with 4) at least a single, poorly formed granuloma and/or multinucleated giant cell. The
uniform cellular inflammation may manifest as inflammation of airway walls, cellular bronchiolitis, or
regions of cellular non-specific interstitial pneumonitis (NSIP). The absence of granulomas or
multi-nucleated giant cells is still considered compatible with HP, if the other three features are present.
Where one or two of the four features are present, other minor features might support a diagnosis if the
clinical and radiologic features are supportive. These include small foci of organizing pneumonia (Masson
bodies), foamy macrophages, cholesterol clefts, Schaumann bodies, calcium oxalate crystals and
widespread peribronchiolar metaplasia.
The histological pattern of fibrotic HP may be similar to that of usual interstitial pneumonia (UIP), as seen
in IPF [21]. Typical fibrotic HP has three key features: 1) airway-centred fibrosis with or without
https://doi.org/10.1183/16000617.0169-2021
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Identified antigen exposure
(e.g. bird in the home, feather pillow;
HP panel reactive)

Indeterminate antigen exposure
(e.g. history of water damage in the home,
no visible mould; HP panel reactive)

Unidentified antigen exposure
(no reported exposure; HP panel reactive)

Compatible HRCT pattern
(e.g. centrilobular nodules, patchy
ground glass, air-trapping)

Typical HRCT pattern
(e.g. three-density pattern)

BAL >30% lymphocytes

MDD

Diagnostic of HP

High confidence of HP

In other cases, lung biopsy may be recommended following assessment of risk:benefit at MDD.
Review of pathobiological features at MDD may result in a definite or provisional diagnosis of HP.

FIGURE 4 Diagnostic algorithm for hypersensitivity pneumonitis (HP) in patients with no indication for lung biopsy based on the CHEST guidelines.
Reproduced and modified from [2] with permission. BAL: bronchoalveolar lavage; HRCT: high-resolution computed tomography; MDD:
multidisciplinary discussion.

widespread peribronchiolar metaplasia, 2) fibrosing interstitial pneumonia, which might have the
appearance of fibrotic NSIP, UIP, isolated peribronchiolar fibrosis, or fibrotic lung disease that defies a
specific classification, and 3) poorly formed granulomas. Peribronchiolar metaplasia can occur in several
conditions, but if >50% of the bronchioles are affected, HP is more likely. As with non-fibrotic HP, the
absence of granulomas or multi-nucleated giant cells is still considered compatible with fibrotic HP if the
other features are present. In cases where there is more pronounced peribronchiolar inflammation, an
in-depth clinical and radiologic assessment for gastro-oesophageal disease should be undertaken, as
chronic aspiration can resemble fibrotic HP in its pathology [29].

TABLE 1 Factors associated with mortality in patients with HP
Intrinsic factors

Exposures

Physiology

Radiology

Histology

Older age
Male sex
Genetic predisposition
Unidentifiable inciting antigen
Duration of exposure to inciting antigen
History of smoking
Low FVC
Low DLCO
Decline in FVC
Lower BAL lymphocytosis
Presence of fibrosis on HRCT
Extent of fibrosis on HRCT
UIP pattern on HRCT
UIP pattern
Fibrotic NSIP pattern

BAL: bronchoalveolar lavage; DLCO: diffusing capacity of the lungs for carbon monoxide; FVC: forced vital
capacity; HRCT: high-resolution computed tomography; NSIP: non-specific interstitial pneumonia; UIP: usual
interstitial pneumonia.

https://doi.org/10.1183/16000617.0169-2021

6

EUROPEAN RESPIRATORY REVIEW

HYPERSENSITIVITY PNEUMONITIS | M. HAMBLIN ET AL.

Progression of HP
HP has a heterogeneous and unpredictable clinical course. A proportion of patients with fibrotic HP
develop progressive disease characterised by increasing fibrotic abnormalities on HRCT, worsening lung
function, and early mortality [30–33]. Some studies have shown that the rate of decline in forced vital
capacity (FVC) and survival are similar between patients with progressive HP and IPF [30, 33, 34]. Acute
deteriorations in lung function (acute exacerbations) may occur in patients with HP and are associated with
high mortality [35–37].
Several risk factors for ILD progression and mortality in patients with HP have been identified (table 1).
Factors associated with worse survival include an inability to remove the inciting antigen, older age, male
sex, and a history of smoking [20, 22, 25, 38, 39]. Lower BAL lymphocytosis is associated with reduced
survival [22, 40], likely because patients with higher BAL lymphocytosis are those with non-fibrotic HP.
The presence of fibrosis on HRCT [18, 25, 26, 31, 41] and the extent of fibrosis [20, 42, 43],
honeycombing [32, 42, 44] and traction bronchiectasis [42] on HRCT have been associated with mortality
in patients with HP, while air-trapping and mosaic attenuation have been associated with improved
survival [45]. Specific histopathologic features, such as a UIP pattern, dense collagen fibrosis, fibroblast
foci and microscopic honeycombing, have also been associated with mortality in patients with HP [22, 41].
Lower FVC [20, 41] or diffusing capacity of the lungs for carbon monoxide (DLCO) [22] or a decline in
FVC [46] reflect the progression of ILD and have been associated with mortality in patients with HP,
consistent with observations in other fibrosing ILDs [47–50]. It is important to note that although risk
factors for the progression of ILD have been identified, the course of disease for an individual patient
remains largely unpredictable. Patients with HP should be monitored for disease progression, including
regular reviews of symptoms and pulmonary function tests, and repeat HRCT scans as indicated.
Management of HP
Identification and elimination of the inciting antigen are critical to improving outcomes in patients with HP
[25] but can be difficult to achieve in practice. An environmental hygienist may be enlisted to perform an
assessment of indoor spaces and advise on how exposure sources might be mitigated [11].
There is no established algorithm for the pharmacological treatment of HP. HP may initially respond to
corticosteroids, but there is little evidence that corticosteroids provide a long-term benefit or slow the
progression of fibrotic HP [26, 40, 51, 52]. Patients with HP commonly receive immunosuppressants [53]
but the evidence base to inform their use is poor. Concerns have been raised over the chronic use of
immunosuppression in patients with HP given the harmful effects of prednisone plus azathioprine observed
in patients with IPF in the PANTHER-IPF (Prednisone, Azathioprine, and N-Acetylcysteine: A Study That
Evaluates Response in Idiopathic Pulmonary Fibrosis) trial [54]. Some retrospective analyses have shown
an improvement in DLCO or FVC after a year of treatment with mycophenolate mofetil (MMF) or
azathioprine [55–57]. However, a retrospective study found no difference in lung function decline or
survival between patients treated with azathioprine or MMF plus prednisone versus prednisone alone [58].
A retrospective study of 20 patients showed that treatment with rituximab for 6 months led to stabilization
or improvement of FVC and DLCO in patients with HP whose disease had not improved following antigen
avoidance and corticosteroid therapy [59].
It has been postulated that once ILD has become fibrotic, a therapy that inhibits fibrotic pathways is
required to slow its progression, irrespective of the initial trigger [60, 61]. However, there remains no
consensus as to when antifibrotic therapy should be initiated in patients with fibrotic HP. Nintedanib, an
intracellular inhibitor of tyrosine kinases [61], has been licensed in several countries for the treatment of
chronic fibrosing ILDs with a progressive phenotype. In the INBUILD trial in 663 patients with fibrosing
ILDs other than IPF who met criteria for ILD progression within the previous 2 years despite management
deemed appropriate in clinical practice, nintedanib slowed the rate of decline in FVC (mL·year−1) over
52 weeks by 57% compared with placebo [62, 63]. Over the whole trial, the risk of an acute exacerbation
of ILD or death was also reduced in the nintedanib group [64]. Patients with fibrotic HP comprised 173
(26%) of the enrolled patients. Although the INBUILD trial was not designed or powered to study
individual ILDs, subgroup analyses suggested that the rate of FVC decline [34], the effect of nintedanib on
reducing the rate of FVC decline [65], and the adverse events associated with nintedanib [65] were
consistent across subgroups based on ILD diagnosis.
Pirfenidone, a US Food and Drug Administration approved treatment for IPF, has not been investigated as
a treatment for HP in randomised double-blind controlled trials. A retrospective study of medical records
from 23 patients with HP found that change in vital capacity in the 6 months after initiation of pirfenidone
was significantly lower than in the 6 months prior to initiation [66]. An open-label study in 22 patients
https://doi.org/10.1183/16000617.0169-2021
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with fibrotic HP found no significant difference in change in FVC after 1 year of treatment in patients who
were randomised to receive pirfenidone, prednisone plus azathioprine compared to prednisone plus
azathioprine only [67]. The RELIEF study, which investigated the effects of pirfenidone in patients with
progressive pulmonary fibrosis due to connective tissue disease, fibrotic non-specific interstitial
pneumonia, HP, or asbestosis, despite standard treatment, was prematurely terminated due to low
recruitment, but an analysis of data from the 127 patients enrolled, of whom 57 had HP, demonstrated a
smaller decline in FVC % predicted over 48 weeks in patients who received pirfenidone compared with
placebo [68].
While the evidence base is insufficient to define a treatment algorithm for HP, in clinical practice, a
phenotype-based approach may be applied. In cases of non-fibrotic HP where the inciting antigen has been
removed and lung function is not severely impaired, it may be appropriate not to initiate therapy but to
ensure the patient is closely monitored. Corticosteroids should be considered in patients with severe lung
function impairment or progressive disease. In cases of fibrotic HP and severe or progressive disease,
immunosuppressive therapy may be considered. Anti-fibrotic therapy should be considered in patients with
progressive fibrosing ILD.
Guidelines issued by the ATS recommend the use of long-term oxygen therapy and ambulatory oxygen in
patients with ILD and severe chronic resting hypoxaemia, and the use of ambulatory oxygen in patients
with ILD who are mobile outside the home and require continuous-flow oxygen during exertion [69]. The
guidelines emphasise that patients and their caregivers should receive training on the use of oxygen
therapy to facilitate adherence and ensure safety. Non-pharmacological interventions, such as pulmonary
rehabilitation, vaccinations, supportive care and participation in patient groups, can be an important part of
the overall care of patients with progressive ILD [70, 71]. Management of common comorbidities of HP
such as gastro-oesophageal reflux disease and chronic obstructive pulmonary disease [72] may also help to
improve patients’ outcomes and quality of life.
Lung transplant improves survival in select patients with progressive fibrotic ILDs. Among 31 patients
with HP who underwent lung transplantation at a single US centre between 2000 and 2013, 1-, 3- and
5-year survival rates were 96%, 89% and 89%, respectively [73]. Guidelines from the International Society
for Heart and Lung Transplantation recommend that patients with ILD be referred for lung transplant
evaluation at an early stage to maximise the chance that they will be eligible for listing [74].
Conclusions
HP is a complex and heterogeneous disease. Making a diagnosis of HP can be challenging as its clinical,
radiologic and histopathologic features overlap with those of other ILDs and it may not be possible to
identify a culprit exposure. The presence of lung fibrosis on HRCT has important implications for
prognosis and management. Patients with HP should be regularly monitored to assess for progression.
Wherever possible, the inciting antigen should be avoided. Immunosuppression is commonly used in the
treatment of HP but has not been shown to slow the progression of fibrotic disease. Nintedanib, a tyrosine
kinase inhibitor, is an approved treatment option for fibrotic HP with a progressive phenotype.
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