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Abstract

Purpose of Review This article aims to provide an overview on the diagnosis and management of hypersensitivity pneumonitis
(HP). We will focus on the issues surrounding the lack of an international consensus on the diagnosis of HP, and review the
existing treatment options for HP.

Recent Findings There is emerging international consensus that HP should be classified based on clinical, radiologic, and
pathologic features and not solely on disease duration. Environmental assessment and antigen avoidance remains the most
important step in managing HP. Antifibrotics may soon become a viable option for chronic HP in the near future. Well-
designed prospective controlled studies are underway.

Summary Substantial gaps still remain in our understanding of the diagnosis and management of HP. Further research should
focus on establishing internationally accepted diagnostic criteria and clinical practice guidelines to aid the clinician in the
challenging treatment of patients with HP.

Keywords Chronic hypersensitivity pneumonitis - Interstitial lung disease - Fibrotic hypersensitivity pneumonitis - Acute
hypersensitivity pneumonitis

Introduction . . . . .
current understanding of HP, in particular CHP, with an emphasis

on new research. We also discuss the management of HP with a
focus on environmental assessment and antigen avoidance. We
conclude with a discussion on the various currently available and
future treatment modalities for CHP. Throughout, we also pro-
vide our personal insights and observations into the challenging
diagnosis and management of HP.

Hypersensitivity pneumonitis (HP), also known as extrinsic al-
lergic alveolitis, is an immune-mediated interstitial lung disease
(ILD) triggered by repeated inhalational exposure and sensitiza-
tion to one or more environmental antigens in genetically sus-
ceptible individuals [1+¢]. Despite our awareness of the disease
for decades, substantial gaps remain in our understanding of the
pathogenesis, diagnosis, and management of HP. Over the past
few years, there has been tremendous interest and a surge of  Classification Schema

research studies, especially in fibrotic chronic HP (CHP), given

its similarities to idiopathic pulmonary fibrosis (IPF), a relent- HP has traditionally been classified as acute, subacute, or
lessly progressive fibrosing lung disease with poor prognosis. In - chronic based solely on the duration of disease rather than dis-
this review article, we highlight the recent developments in our  ease features associated with important patient-centered out-
comes such as mortality or treatment response [2—6]. Lacasse
This article is part of the Topical Collection on Inferstitial Lung Disease et al. classified patients with HP into two clusters and suggested
that that “subacute HP” may not be a useful term [3]. Building
on this, recently proposed classification schema by two multi-
disciplinary groups of international experts favors categoriza-
tion of HP into “acute/inflammatory” and “chronic/fibrotic” HP
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characterized by predominantly irreversible fibrosis, typically
with a symptom duration of greater than 6 months, and in-
creased risk of disease progression. This classification schema
is borne out of converging evidence in the literature that the
presence and extent of fibrosis are associated with increased
risk of mortality in HP [9-13]. Although this new proposed
classification may provide a more accurate prognosis and in-
form a better specific treatment strategy [8¢¢], in practice, it may
difficult to clearly differentiate the presence and extent of in-
flammation from fibrosis in a patient with HP as the two may
often coexist radiologically and pathologically. This real-world
clinical challenge could result in a lost opportunity to reverse a
primary inflammatory HP with corticosteroids instead of
antifibrotics; conversely, a patient with fibrotic HP treated with
corticosteroids and immunosuppression rather than antifibrotics
may experience greater potential harm due to drug toxicity in a
similar fashion to IPF. Nonetheless, we believe that this novel
classification schema of HP is a much-needed, significant step
forward towards a consensus diagnostic criterion for HP.

Epidemiology and Etiology

Although limited data on the epidemiology of HP exist, the
relatively low prevalence suggests that it is a rare disease. A
recent study by Fernandez Perez et al. analyzed insurance
claims data in the USA over a decade [14]. They found that
the yearly prevalence ranges from 1.67 to 2.71 cases per
100,000 persons and yearly incidence rates ranged from 1.28
to 1.94 cases per 100,000 persons [14]. In a study based on a
UK database, the incidence was slightly lower at 0.9 cases per
100,000 persons per year [15]. The prevalence and incidence
rates are also likely to differ based on the populations sampled,
as well as what is used as the definition of HP. A recent review
by Nogueira et al. highlighted six categories of antigens [16]. In
terms of clinical utility, the most common clinically important
antigens are various molds, organic antigens in the agricultural
setting, antigens associated with bird serum, feathers and drop-
pings, and other specific organic and inorganic antigens. As
new or previously unrecognized antigens are identified, there
will remain a perpetually growing list of HP-associated antigens
and sources of exposure [7¢°].

Pathogenesis

HP is an immunologic reaction to inhaled antigens leading to
lung inflammation and possibly fibrosis, mainly involving the
distal bronchus and upper lung lobes [17, 18]. A recent review
by Vasakova et al. suggested that genetically susceptible indi-
viduals develop HP after being exposed to one or more envi-
ronmental antigens, followed by antigen presentation via the
MHC I and MHC 1I pathways activating CD8+ and CD4+ T
lymphocytes, which lead to both cellular and humoral immune
responses causing small airway inflammation and granuloma

@ Springer

formation, with some patients ultimately developing chronic
HP due to fibroproliferation [1¢]. Further research is needed
to identify and validate the gene polymorphisms that may in-
crease susceptibility to HP [1ee].

Clinical Presentation

Patients with acute/inflammatory HP typically develop an
acute onset of symptoms within the first few hours to days
after being exposed to antigens. Symptoms may be episodic;
include cough, dyspnea, wheezing, malaise, fever, and/or
chills; and may last for hours to weeks [3]. This syndrome
may be misdiagnosed as a viral respiratory infection or
community-acquired pneumonia. With repeated exposure,
some patients may present with the above symptoms but with
differing severity. If not recognized and treated appropriately,
some patients, usually after 6 months, experience disease pro-
gression to “chronic/fibrotic HP.” Symptoms are similar to
other ILDs, most notably dry cough and dyspnea, and in-
creased risk of unpredictable but deadly acute exacerbations.

Diagnostic Evaluation

The first step in diagnosing HP is a comprehensive, thorough
patient history with a focus on environmental and occupational
exposures. The use of an exposure questionnaire may facilitate
history taking and is commonly used at ILD centers, although
their clinical utility remains unvalidated. Serological studies,
HRCT, bronchoalveolar lavage, and lung biopsy may be needed
based on the clinical picture. All of these data may then be
reviewed by a multidisciplinary group of pulmonologists, radi-
ologists, and pathologists, ideally with expertise in ILD, for a
consensus diagnosis.

Comprehensive History, Physical Examination,
and Pulmonary Physiologic Testing

Similar to the approach of any patient with suspected ILD, a
comprehensive and thorough patient history must always take
place. In addition to ruling out other potential causes of ILD
such as connective tissue disease and drug toxicity, the clinician
should perform a careful occupational, domestic, avocational,
and lifestyle history. Any identified potentially significant ex-
posures should be followed up with additional details such as
exposure onset, duration, and intensity. This information would
then need to be correlated with symptom and disease onset. In
our experience, ILD exposure questionnaires can assist in
eliciting history of a potentially significant exposure; however,
these questionnaires are unstandardized and their clinical utility
remains unvalidated. In addition to a comprehensive history,
physical examination is essential to confirm bilateral rales on
auscultation, similar to other ILDs, and occasionally inspiratory
squeaks [19]. Pulmonary physiologic testing with pulmonary
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Table 1 Acute/inflammatory vs. chronic/fibrotic HP (modified from a review by Vasakova et al. [7¢¢])

Type of HP Acute HP Chronic HP

Duration * Typically < 6 months * Typically > 6 months
Symptoms » Cough, dyspnea, wheezing, fever, malaise * Dry cough, dyspnea

» Mimics viral respiratory tract infection or pneumonia

Potential for reversibility  High
HRCT features » Symmetric, bilateral ground-glass opacities,
with upper lobe predominance
» Mosaic attenuations
* Centrilobular nodules
Pathology * Classic triad of bronchiolocentric lymphoplasmacytic

interstitial infiltrate, chronic bronchiolitis, and poorly
formed non-necrotizing granulomas in peribronchial areas

» Mimics other fibrotic interstitial lung diseases
* Low

« Reticulation
* Traction bronchiectasis
» Honeycombing
* Findings in acute HP (e.g., mosaic attenuations
and ground-glass opacities) also possible
* UIP-like, fibrotic NSIP-like, or bronchiolocentric patterns

* Small airways are rarely normal
« Features of acute HP may be present

function testing (PFT) and 6-min walk testing should be per-
formed initially for baseline severity and longitudinally for dis-
ease monitoring.

Serology

The role of serum-specific IgG (SsIgG) antibodies in the di-
agnosis of HP remains controversial due to their reported poor
sensitivity and specificity [20]. While the presence of precip-
itating antibodies could confirm clinical suspicion based on
history taking, the presence of precipitating antibodies may
prompt the clinician to re-examine potentially missed antigens
during the initial evaluation. Most panels utilize ELISA, but
immunodiffusion and ImmunoCAP may also be used [21].
The presence of SsIgG antibodies simply denotes exposure
to the antigens being tested. Importantly, their presence is
not diagnostic of HP. The threshold for abnormal levels of
IgG against antigens is determined based on studies such as
the one by Raulf et al., which determined the cutoft of precip-
itating antibody levels based on healthy volunteers [22]. In a
study by Fenoglio et al., assuming a prevalence of HP of 35%
among those tested for HP panel (which is quite high), with
“double diffusion” and “electrosyneresis” (different from the
commonly used ELISA and immunodiffusion methods avail-
able clinically), the sensitivity of said immunologic tests
against mold antigens was 76%, with a specificity of 82%,
PPV of 69.5%, and NPV of 86.4%. [20].

High-Resolution CT

High-resolution CT of the chest is a key element in the diag-
nostic evaluation of HP. Studies have shown that a confident
radiologic diagnosis of HP can be attained with up to 92%
accuracy but only 61% sensitivity [23, 24]. In acute/
inflammatory HP, typical radiologic features include symmet-
ric, bilateral, usually upper lobe predominant, ground glass
opacities, along with centrilobular nodules and mosaic

attenuation [25-27]. In chronic/fibrotic HP, fibrotic changes
such as reticulation, traction bronchiectasis, and honeycombing
can be observed [28]. Mosaic attenuation can be seen in both
acute and chronic HP [29]. Interestingly, mosaic attenuation
may also be seen in up to 51% of patients with IPF.
Therefore, its presence alone is not diagnostic of HP [30¢].
The “headcheese” sign may be highly specific (0.93) and mod-
erately sensitive (0.93) for a high confidence diagnosis of fi-
brotic HP [30¢]. In end-stage fibrotic HP, the CT findings may
not be distinguishable from IPF with a UIP-like or fibrotic
NSIP-like pattern [31].

Bronchoalveolar Lavage

Bronchoalveolar lavage (BAL) should be considered an im-
portant diagnostic tool for HP. In addition to ruling out a lower
respiratory tract infection and malignancy, BAL fluid cellular
analyses may be performed to evaluate the presence of signif-
icant lymphocytosis. Various levels of BAL lymphocytosis
have been quoted [32], but we typically use a threshold of
greater than 30% as suggestive of BAL lymphocytosis.
However, according to the Delphi survey study by Morisset
et al., BAL lymphocytosis greater than 40% was determined
by expert consensus to be regarded as significant for BAL
lymphocytosis [33¢]. The 2012 ATS guidelines on the use of
BAL in ILD suggested a cutoff of 50% for BAL lymphocy-
tosis and recommend against routine use of the CD4+: CD8+
ratio in the diagnosis of HP [34]. Of note, BAL fluid lympho-
cyte counts may be normal, or lower than normal, in some
patients with CHP [32, 33, 34]. In addition, significant BAL
lymphocytosis has also been reported in sarcoidosis, organiz-
ing pneumonia, and non-specific interstitial pneumonia [35¢].

Lung Biopsy

Transbronchial lung biopsy and surgical lung biopsy are com-
monly employed methods of obtaining lung tissue samples to
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aid in the diagnosis of HP. The yield for transbronchial biopsy
is low, and the highest reported study showed a yield rate of
40% [36]. Surgical lung biopsy may be necessary in some
cases to establish a diagnosis [37]; however, risks of the pro-
cedure, especially taking into account the patient’s disease
severity, must be carefully weighed against the benefits of a
confirmed diagnosis. There is limited evidence for the use of
transbronchial cryobiopsy (TBCB) specifically in hypersensi-
tivity pneumonitis. However, the evidence for the use of
TBLC in the setting of interstitial lung disease (including
HP) showed that the yield rate could be up to 84.4% at a cost
of increased risk of bleeding and pneumothorax [38].

Histopathology

In acute HP, characteristic histopathologic features include a
classic triad of bronchiolocentric lymphoplasmacytic intersti-
tial infiltrate, chronic bronchiolitis, and poorly formed non-
necrotizing granulomas in peribronchial areas [39]. Over time
with prolonged exposure, histopathologic fibrosis predomi-
nates with UIP-like, fibrotic NSIP-like, or bronchiolocentric
patterns [11, 40, 41]. Importantly, the small airways are rarely
normal in CHP unlike in UIP of IPF [11, 39].

Diagnostic Criteria

At present, there are no expert consensus and clinical practice
guidelines regarding the diagnosis of HP. Furthermore, as
demonstrated by the study by Walsh et al., there is low inter-
observer agreement by a multidisciplinary team meeting for
hypersensitivity pneumonitis (kappa = 0.24), as opposed to a
higher agreement for the diagnosis of IPF (kappa = 0.60) [42].
This likely reflects the lack of established diagnostic criteria
for HP. In addition, a study by Morell et al. showed that 20 of
46 patients (43%) diagnosed with IPF were subsequently di-
agnosed with HP after repeatedly questioning the patients for
antigen exposure every 4 months [43]. Significant efforts to-
wards development of a more uniform diagnostic criterion
continue. Ryerson et al. recently proposed a new standardized
diagnostic ontology for fibrotic ILD, namely “confident diag-
nosis” (90% or above), “provisional high confidence” (70—
89%), “provisional low confidence” (51-69%), and “unclas-
sifiable ILD” (50% or less) [44¢]. Building on this model,
Morisset et al. used multiple rounds of Delphi survey to nar-
row down the diagnostic features of chronic HP by consensus
based on 45 HP experts [33+]. This study suggested 2 clinical
scenarios that would warrant a “confident diagnosis” (90% or
above) of chronic HP as mentioned above. The first is a com-
bination of identified antigen on history, HRCT features sug-
gestive of chronic HP, and BAL lymphocytosis of greater than
40%. In this scenario, the expert consensus was that a surgical
lung biopsy is not necessary. The second scenario where a
confident diagnosis could be made would be one that includes
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an identified antigen, as well as a surgical lung biopsy consis-
tent with chronic HP, regardless of HRCT or BAL cell count
findings. Furthermore, this study also listed multiple clinical,
radiologic, BAL, and histopathologic features that were felt to
meet the “important” threshold for them to be classified as
diagnostic features of HP. Although there have been signifi-
cant efforts in attempting to come up with a consensus diag-
nostic criteria for chronic HP, there still remains a lack of
consensus criteria for the diagnosis of acute HP. Nonetheless,
multidisciplinary team meeting of pulmonologists, radiolo-
gists, and pathologists, ideally with ILD expertise [,] is
generally regarded as an important step in [accurately] diag-
nosing HP, especially chronic HP when there are many clinical
mimickers [45].

Management of HP
Antigen Avoidance

Antigen avoidance is one of the most important aspects of HP
management. Identification and removal of an inciting antigen
have been shown to improve survival for HP [2], as environ-
mental levels of antigens (such as avian antigens) measured
after diagnosis correlate with prognosis [46]. In one study, pa-
tients in contact with birds for more than 2 years compared with
those with contact for less than 2 years had worse clinical out-
comes [47].

A thorough environmental evaluation of the patient’s envi-
ronment, especially where they spend a considerable amount
of time, should be done. This includes the consideration of
home, work [48], hobbies, and potential exposures amongst
family or friends. At our center, we often recommend a pro-
fessional home or worksite visit by a certified consultant of the
American Industrial Hygienists Association (AIHA) with the
aim of antigen identification, especially molds, and subse-
quent targeted environmental remediation.

There is no proven standardized protocol of environmental
assessment or methods to remove antigens from the surround-
ing. Bulk sampling from the environment and then testing the
patients against the antigens extracted have been proposed [49].
If the antigen in question is obvious, such as down feather
blanket or pillows, they should be immediately removed.
Pets, especially birds, should also be promptly removed.
However, one study showed that bird antigen persisted in the
home environment even after bird removal, with antigens
persisting at high levels up to 18 months [50].

In some cases, when antigen identification and/or avoid-
ance remain impossible with the current home or work situa-
tions, a complete change of environment (moving to a new
home, switching to a new job) may be necessary, which can
potentially cause great emotional and financial consequences
for the patient (especially in the agricultural setting).
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Table2  Treatment of hypersensitivity pneumonitis
Treatment modality Dosage Key supporting evidence
Antigen avoidance N/A * One prospective cohort study showing
that it improves survival
Prednisone 0.5-1 mg/kg daily PO * One small RCT and other retrospective studies
Duration and taper based on whether
inflammatory features are present [3]
Mycophenolate mofetil 500-1500 mg PO BID * Retrospective studies
Azathioprine 50-150 mg PO daily * Retrospective studies
Rituximab Expert consultation before initiation is recommended * Very small retrospective studies

Pirfenidone and nintedanib

Would not recommend using until more data is available

* One retrospective study for pirfenidone
* Active ongoing RCTs

Immunosuppressive Therapy

In up to 20-30% of patients, the diagnosis of HP may be
established without any identifiable antigens [51].
Furthermore, there are some cases when complete antigen
avoidance is not possible. At our center, we consider aggres-
sive immunosuppressive therapy for CHP patients with symp-
tomatic and progressive disease (Table 2).

Corticosteroid The most studied immunosuppressive therapy
in HP is corticosteroids. There is one double-blind placebo-
controlled study involving patients with HP. Thirty-six pa-
tients with farmer’s lung (during the acute stage) were includ-
ed in this study. Twenty patients were given prednisolone
while the rest received a placebo for 8 weeks. There were no
differences in FVC, FEV1, or DLCO, or relapse of farmer’s
lung in 5 years, but at 1 month, the DLCO was higher in the
treatment group [52]. A retrospective study in the 1980s
showed that corticosteroid improved chest x-ray findings but
had no significant clinical effects in the long term (average
follow-up of 18.6 months) [53]. In a more recent retrospective
study involving 93 non-fibrotic HP (79% treated with ste-
roids) and 109 fibrotic HP patients (80% treated with ste-
roids), corticosteroid treatment did not result in improved sur-
vival or DLCO. However, corticosteroid treatment in non-
fibrotic HP patients did improve FVC [54].

Prior to initiating corticosteroids, it has been suggested by
some authors to identify whether inflammatory features are
present or not [8¢¢]. This approach aims to inform the duration
of corticosteroid treatment. Inflammatory features as sug-
gested with this protocol include ground-glass opacities on
HRCT, BAL lymphocytosis, or histopathological cellular in-
terstitial pneumonia or granulomatous pattern. The authors
suggested that in patients without inflammatory features, the
course of corticosteroid should be much shorter. While this
strategy has not been prospectively verified, we also agree
with this in our clinical practice. We recommend a starting
dosage of 0.5—1 mg per kg of prednisone for at least 4 weeks.
Then, based on FVC, FEV1, and DLCO, as well as

subsequent CT findings, further tapering should be accom-
plished over the next month down to 20 mg daily of predni-
sone. Further tapering would require stability of PFTs and CT
findings. If the patient has pre-dominant fibrotic features of
HP and has an inadequate response after at least 4 weeks of
0.5—1 mg per kg of prednisone, we recommend tapering pred-
nisone off over 2—4 weeks.

Other Immunosuppressive Agents Other immunosuppressive
agents had also been studied, but the most studied are myco-
phenolate mofetil (MMF) and azathioprine (AZA). A study by
Morisset et al. looked at 70 patients and 51 were treated with
MMF and 19 with AZA. DLCO improved by a median of 4.2%
but not FVC [55]. Adegunsoye et al. studied adding either
MMEF or AZA to corticosteroids, and discovered that adding
MMF or AZA reduced treatment-emergent adverse events, but
there were no significant differences between survival and lung
function decline [56]. Rituximab was studied in multiple small
studies. For example, in a retrospective study of ILD patients
treated with rituximab, 6 out of 50 had chronic HP and did
show improvement in FVC and DLCO but the small size of
this study limits generalizability of this approach [57].

Other Therapies Given the similarities between progressive
fibrotic CHP and IPF [58], there is considerable interest in
evaluating the safety and efficacy of the antifibrotics,
pirfenidone, and nintedanib, in CHP.

Pirfenidone, an antifibrotic approved for the treatment of
patients with IPF, has been evaluated in uncontrolled studies
for the treatment of HP as well. A recent study by Shibata et al.
studied the use of pirfenidone in chronic HP in 23 patients
retrospectively [59]. The decline in vital capacity in the 6
months following therapy was slower compared with the de-
cline in vital capacity in the 6 months prior to the initiation of
therapy. No other clinical parameters were reported, and the
small size and retrospective nature of this study limit the rec-
ommendation of pirfenidone in HP unless further studies are
published. Larger, multicenter, randomized controlled trials are
actively investigating the use of antifibrotics in non-IPF
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interstitial lung disease, including chronic HP, such as the
RELIEF trial for pirfenidone [60] and the INBUILD trial for
nintedanib [61].

If HP continues to progress despite the above treatment,
lung transplantation should be considered as a life-saving op-
tion. In a study by Kern et al., the clinical outcomes of 31
patients with HP who underwent lung transplantation were
compared with 91 patients with IPF who also underwent
transplantation. The authors found that patients with HP had
a higher survival rate up to 5 years post-op. Furthermore, only
2 out of 31 patients with HP developed recurrent HP in their
allografts. These findings suggest that patients with chronic
HP do well after lung transplantation [62].

Prognosis

The prognosis of HP is associated with various clinical, labo-
ratory, radiologic, and histopathologic findings. Even after ad-
justment for the presence of fibrosis, Fernandez Perez et al.
found that inability to identify an inciting antigen was inde-
pendently associated with increased mortality (median, 4.88
years vs. 8.75 years) [2]. One study demonstrated that club-
bing is associated with clinical deterioration [63]. PFT findings
(decline in FVC > 10% [64], low TLC, and low DLCO [65])
were also found to be associated with prognosis. A clinical
prediction model, the ILD-GAP model, was also found to pre-
dict mortality in patients with HP [66]. In terms of radiologic
findings, as previously mentioned, studies have shown that the
presence of fibrosis [67, 68] is characterized by traction bron-
chiectasis and honeycombing [42]. On the other hand, air trap-
ping and mosaic attenuation are associated with better progno-
sis [29]. A recent study by Salisbury et al. categorized CHP
patients into three CT phenotypes, namely “honeycomb pres-
ent,” “non-honeycomb fibrosis,” and “non-fibrotic,” and
found that patients with honeycombing had the worst progno-
sis [69¢]. In terms of pathologic patterns on lung biopsy, a UIP
pattern may suggest worse prognosis [70]. Other tests, not
routinely used in clinical practice, such as serum periostin
[71], are also associated with worse prognosis in HP.

Conclusion

HP remains a disease that is incompletely understood.
International consensus or clinical practice guidelines on
how to classify and diagnose HP are non-existent. However,
recent studies and expert opinions have suggested that the
term “subacute HP” should not be used anymore. Rather, the
terms “acute/inflammatory” and ““chronic/fibrotic” have great-
er prognostic and potential therapeutic implications. Major
steps have been taken recently to standardize the diagnosis
of chronic HP but similar steps have not been made for acute
HP. Identifying the inciting antigen(s) is essential. SsIgG by
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itself is of limited use, but may provide clues to identify the
antigen. Other important diagnostic tests include HRCT, BAL
cellular analysis, and histopathologic data, if available.

In terms of managing HP, there remains no standardized
accepted method of antigen identification and avoidance.
Immunosuppressive therapy is recommended when antigen
avoidance is impossible or ineffective. The first-line agent is
corticosteroid treatment; however, the body of evidence
supporting corticosteroid is weak. The duration of steroid
should be guided by whether inflammatory features are present
or not. MMF, AZA, and rituximab are second-line agents with
even more limited evidence. Antifibrotics are currently being
investigated in randomized controlled trials in patients with
fibrotic HP. Lung transplantation is an option for end-stage
fibrotic HP and patients generally do well post-transplant.

Future research in HP should focus on international con-
sensus on classification and diagnosis, as well as prospective
studies on the effectiveness of different therapeutic options,
especially antifibrotics, based on standardized diagnostic
criteria.
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