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The clinical and pathologic diagnosis of hypersensitivity pneumonitis has been confounded by conflicting definitions, with two
recent guidelines suggesting that hypersensitivity pneumonitis simply be diagnosed as nonfibrotic or fibrotic. Nonfibrotic
hypersensitivity pneumonitis is usually characterized by a bronchiolocentric chronic interstitial inflammatory infiltrate,
frequently but by no means always with associated granulomas or giant cells. Fibrotic hypersensitivity pneumonitis may take
the form of interstitial fibrosis confined to the peribronchiolar regions, or fibrotic nonspecific interstitial pneumonia, or a
process similar to and sometimes indistinguishable from usual interstitial pneumonia/idiopathic interstitial fibrosis, but the
exact pathologic features that favor a diagnosis of fibrotic hypersensitivity pneumonitis are disputed. Granulomas/giant

cells are much less frequent in fibrotic compared to nonfibrotic hypersensitivity pneumonitis. Extensive peribronchiolar

metaplasia, particularly peribronchiolar metaplasia affecting more than half the bronchioles, supports a diagnosis of fibrotic
hypersensitivity pneumonitis over usual interstitial pneumonia, as does the presence of predominantly peribronchiolar disease
with relative subpleural sparing. Clinical and CT features are crucial to the diagnosis of hypersensitivity pneumonitis: sparing of

the lung bases, centrilobular nodules, air-trapping, or the triple density sign with fibrosis favor a diagnosis of fibrotic
hypersensitivity pneumonitis. At this point there are no molecular tests that reliably separate fibrotic hypersensitivity
pneumonitis from other forms of interstitial lung disease. Currently the separation of fibrotic hypersensitivity pneumonitis
from usual interstitial pneumonia is crucial to treatment (immunosuppressives for the former, anti-fibrotics for the latter)
but this approach is changing and all progressive fibrosing interstitial pneumonias will probably be treated with antifibrotics in

the future.
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INTRODUCTION
Hypersensitivity pneumonitis (HP) has been a recognized form
of interstitial lung disease (ILD) for many years. The diagnostic
features of nonfibrotic HP (in the past referred to as subacute
HP—see the section “Definition, Classification, and Causes of
Hypersensitivity Pneumonitis,” below, for traditional and new HP
classifications) have been generally well defined, but there has
been poor agreement on the clinical, radiologic, and pathologic
features and even nomenclature of fibrotic forms of HP, as well
as the separation of fibrotic forms of HP from other ILD. In the
past this separation was not crucial and fibrotic ILD tended to all
be treated with immunosuppressive agents, typically steroids.
But the recognition that immunosuppressive agents are contra-
indicated in usual interstitial pneumonia/idiopathic pulmonary
fibrosis (UIP/IPF; in this paper the term UIP/IPF will be used to
indicate idiopathic pulmonary fibrosis, and a UIP-like pattern to
indicate other disease that can mimic UIP/IPF pathologically),
and the introduction of antifibrotic therapies for UIP/IPF has
mandated accurate separation of UIP/IPF from fibrotic forms
of HP and other fibrosing ILDs (see section “Prognosis and
Treatment”, below) [1, 2].

The magnitude of the problem is well illustrated by two studies.
Walsh et al. [3] circulated 70 ILD cases to seven experienced
multidisciplinary discussion (MDD) groups. For UIP/IPF and

connective tissue disease-associated ILD (CTD-ILD) agreement
was good across groups (weighted kappas 0.71 and 0.73,
respectively), but for fibrotic HP agreement was poor (weighted
kappa 0.29). Morell et al. [4] reviewed 46 cases that met the criteria
for UIP/IPF according to the American Thoracic Society (ATS) 2011
diagnostic guidelines [1]; by adding more detailed exposure
histories, evaluation of specific serum immunoglobulins, and/or
inhalation challenge, they reclassified 20 (43%) as fibrotic HP.

This problem applies at the level of pathology as well, with
disagreements in the literature about which features do or don’t
allow a diagnosis of fibrotic forms of HP, particularly features that
separate fibrotic HP from UIP/IPF [5-8]. This review will cover new
concepts and ongoing controversies in the diagnosis of HP with
an emphasis on pathology, comment on the just-released
American Thoracic Society (ATS) HP guidelines [9] and American
College of Chest Physicians (ACCP) HP guidelines [10], and provide
information for the pathologist on how to approach a diagnosis of
HP, particularly the fibrotic forms. However, it is important to bear
in mind that accurate pathologic diagnoses of HP, like any form of
ILD, cannot be done in a vacuum; rather, diagnosis requires clinical
and radiologic information, either in the formal setting of a
multidisciplinary discussion (MDD) in which clinicians, radiologists,
and pathologists all take part, or at least informally from record
review/curbside consultation.
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DEFINITION, CLASSIFICATION, AND CAUSES OF
HYPERSENSITIVITY PNEUMONITIS

The 2020 ATS hypersensitivity pneumonitis diagnostic guidelines
[9] define HP as “an inflammatory and/or fibrotic disease affecting
the lung parenchyma and small airways. It typically results from an
immune-mediated reaction provoked by an overt or occult
inhaled antigen in susceptible individuals.” While this definition
is simple, in practice HP can be a difficult diagnosis, and how to
approach the diagnosis (at a largely clinical level) is the thrust of
the guidelines.

The classification of HP has a long and somewhat contentious
history. Traditionally, HP was separated into acute, subacute,
and chronic forms (Table 1). Under this scheme, acute HP
presents as an acute self-limited febrile iliness, believed to be
caused by high level exposure to the sensitizing agent, whereas
subacute HP is an interstitial lung disease that develops
insidiously over weeks to months and is thought to reflect
lower level ongoing exposure. The major problem with this
scheme is the term “chronic HP,” which some authors have used
for disease present over some arbitrary time period (four
months, six months, and one year have all been described in
the literature), while other authors have reserved “chronic HP”
for disease in which there is radiologic or pathologic evidence of
fibrosis (reviewed in 11).

The problem with using a time definition for chronic HP is that
one ends up with a mixture of cases with and without interstitial
fibrosis, and this scenario confounds making estimates of
prognosis and determining treatment, because it is clear that
the presence of fibrosis has an adverse prognostic effect in HP
(see section “Prognosis and Treatment”, below). For this reason,
the new ATS and ACCP guidelines [9, 10] recommend simply
separating HP into “nonfibrotic” and “fibrotic” forms, and that is
the convention followed here.

More than 50 different occupations/exposures associated with
HP have been described [9, 11], etiologically related to contam-
inating microorganisms, animal proteins, and, less frequently,
inorganic chemicals, but many of these only apply to very
restricted groups of workers. In North American the common
causes of HP are farming, bird/avian antigen exposures (including
feather-containing bedding/clothing), household mold, micro-
organism contaminated humidifiers/ventilation systems, and hot
tubs/showers/saunas contaminated with atypical mycobacteria
("hot tub lung”). In Japan, where summers are hot and humid, so-
called “summer-type” HP, caused by a variety of yeasts and
bacteria that thrive in houses in these conditions, is common. In
India, also a hot and humid climate, HP is the most frequent form
of ILD and is typically related to microorganisms contaminating air
coolers [12].

Identification and avoidance of the sensitizing antigen is an
important part of the diagnosis and treatment of HP, but a case
where the offending agent cannot be found after a thorough
history, serologic investigation, and even inhalation challenge
testing, becomes a major problem. This scenario occurs in a
minority of nonfibrotic (subacute) HP cases, but in up to 60% of
patients with fibrotic HP [9], and is one of the factors that can
make the diagnosis of fibrotic forms of HP difficult. These are the
cases that often come to biopsy and determination of whether a

Table 1. Traditional and ATS/ACCP recommended new classification
scheme for hypersensitivity pneumonitis.

Traditional ATS/ACCP guideline recommendation
Acute Nonfibrotic
Subacute Fibrotic

Chronic (either by time since initial symptoms or by the presence of
fibrosis).
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fibrotic ILD is fibrotic HP or another disease in this situation is
sometimes extremely difficult.

CLINICAL FEATURES OF HP

In large series, patients with nonfibrotic HP tend to have a
relatively acute onset and more often an identifiable antigen
compared to patients with fibrotic HP. Apart from a history or
evidence of antigen exposure, the clinical findings of HP are fairly
nonspecific and include shortness of breath, cough, and mid-
expiratory squeaks. Constitutional symptoms (chills, low grade
fever, malaise) are sometimes present. Pulmonary function tests
typically show some degree of restriction and a decreased
diffusing capacity.

Bronchoalveolar lavage cell counts can be extremely helpful
in establishing a diagnosis of HP, particularly nonfibrotic HP,
where a lavage lymphocyte count of >20% is thought to
support the diagnosis. For fibrotic HP a lymphocyte count of
20% is suggestive of HP (sensitivity 69%, specificity 61%) and
a count of 40% has a specificity of 93% (sensitivity 43%)
for separating fibrotic HP from UIP/IPF [9]. However, other
conditions such as sarcoid can also have relatively high
lavage lymphocyte counts. A further confounding factor is that
many cases of fibrotic HP do not have an elevated lymphocyte
count [9]. As well, the specificity of lavage lymphocyte counts
has been challenged on the grounds that the test is not
standardized and different laboratories report different percen-
tages [13].

The role of serologic testing to identify specific IgGs is also
controversial, in part again because there are no standardized
tests, various laboratories test for different antigens using different
methods, and for many potential antigens no routinely accessible
tests are available, although some specialized laboratories have
generated their own antibodies [11]. It has also been observed
that the presence of circulating antibodies does not always
correlate with the exposure that is actually causing disease.
Conversely, patients may have circulating antibodies and no
disease; this is well documented for individuals who keep pet
birds or breed birds [14]. The ATS and ACCP guidelines
recommended serologic testing, but with very low confidence in
the estimated effects.

Inhalation challenge testing is even more specialized. Munoz
et al. [15] reported inhalation challenge testing in 123 patients
and found a sensitivity/specificity of 73/84%, using acute
pulmonary function decline as a positive result. They pointed
out that a negative inhalation challenge test does not rule
out HP.

RADIOLOGIC FEATURES OF HP

Nonfibrotic HP typically shows a picture of ground glass opacities
that may be diffuse or only present as centrilobular nodules, and
evidence of air-trapping (Fig. 1A) [9, 10]. Fibrotic HP combines
features of fibrosis (reticulation, traction bronchiectasis/bronchio-
lectasis, honeycombing) with evidence of bronchiolar obstruction
(“bronchiolitis”) in the form of centrilobular nodules or mosaic
attenuation or overt air-trapping on expiratory images. Ground
glass opacities are common and sometimes images show a so-
called “headcheese” or “triple density” pattern with areas of
increased attenuation (ground glass), normal attenuation, and
decreased attenuation (air-trapping) [9, 10, 16] (Fig. 1B). Ground
glass opacities and air-trapping on expiratory images are
particularly useful features for separating fibrotic HP from UIP/
IPF. In fibrotic HP the fibrosing process may spare the most
dependent lung bases or be more severe in the upper than lower
lobes, findings that are distinctly against a diagnosis of UIP/IPF.
However, some cases of fibrotic HP are radiologically indistin-
guishable from UIP/IPF.

Modern Pathology (2022) 35:15-27
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Fig. 1

Nonfibrotic hypersensitivity pneumonitis (HP). A High resolution CT scan showing multiple centrilobular ground glass nodules and

hyperlucent area representing air trapping (arrow). B High resolution CT scan showing the triple density pattern: hyperlucent areas
representing air-trapping, normal lung, and ground glass opacities. There is also mild reticulation. C Low power view showing mild
bronchiolocentric chronic interstitial inflammation and interstitial granulomas. This is the usual pattern of nonfibrotic HP. D Marked chronic
inflammation of bronchiolar wall with granulomas representing so-called “bronchiolitis” in nonfibrotic HP. The process focally extends into the
interstitium. Narrowing of the bronchiolar lumen by inflammation in the wall is the cause of air-trapping on CT imaging. E Higher power view
of Fig. 3 showing details of the granuloma; one is interstitial but a second granuloma is in an airspace. Although granulomas in HP are often
said to be poorly defined, in fact in many cases they are quite well defined, as here, but always lack the concentric fibrosis seen in many

sarcoid granulomas.

PATHOLOGIC FEATURES OF HP

Nonfibrotic HP

Most cases of nonfibrotic HP show a distinctly bronchiolocentric
pattern of chronic interstitial inflammation, which fades off to
normal parenchyma away from the bronchioles (Table 2, Fig. 1C

Modern Pathology (2022) 35:15-27

and for further illustrations see [17]). The interstitial infiltrate is
typically lymphocytes and may be accompanied by a few plasma
cells; however, a preponderance of plasma cells is against a
diagnosis of nonfibrotic HP and suggests underlying connective
tissue disease (CTD-ILD). Lymphoid aggregates usually are few to
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Table 2. Pathologic features of nonfibrotic HP.
In most cases distinctly bronchiolocentric mild chronic interstitial
inflammation with normal parenchyma away from bronchioles

Minority of cases show a cellular NSIP pattern
For either pattern:
Lymphocytes > plasma cells
Lymphoid aggregates few to nonexistent
Germinal centers rare to nonexistent
Granulomas/giant cells in the majority of cases

Granulomas/giant cells usually interstitial but can be found in
airspaces near bronchioles

Schaumann bodies sometimes present and are equivalent to
granulomas/giant cells

nonexistent in nonfibrotic HP, and lymphoid aggregates with
germinal centers are distinctly uncommon; the presence of
numerous lymphoid aggregates/germinal centers again suggests
underlying connective tissue disease [18].

The interstitial infiltrate can produce significant expansion of
the walls of bronchioles (Fig. 1D), a process some authors refer to
as “bronchiolitis.” In functional terms this idea is correct because it
is the thickened bronchiolar walls/narrowed bronchiolar lumens
that produce the characteristic finding of air-trapping on imaging.
However, if on biopsy the infiltrate is present only in the walls of
bronchioles without any inflammation in the immediately
surrounding alveolar walls, the process in question is probably a
true bronchiolitis and not HP.

Granulomas or individual giant cells are present in the majority
of nonfibrotic HP cases. In general these structures are present in
the peribronchiolar interstitium (Fig. 1E), but can sometimes be
found in airspaces near bronchioles as well [19] (Fig. 1E). The
granulomas/giant cells may contain cholesterol clefts or Schau-
mann bodies. Sometimes only naked Schaumann bodies are
present; these structures are the tombstones of granulomas and
provide equivalent diagnostic information. Schaumann bodies can
be found in any persisting granuloma; they are rare to nonexistent
in granulomatous infections, and in my experience are much more
common in HP than in sarcoid.

Although the granulomas of HP (fibrotic or nonfibrotic) are
often described as poorly defined, in fact the granulomas of HP
are often quite well defined (Figs. 1E, 2A), but what they always
lack is the pattern of fine concentric rings of fibrosis that is
characteristic of sarcoid.

In general there are no differences in the underlying pathologic
findings in cases with or without granulomas/giant cells, but there
is a (poorly documented) belief that the presence of granulomas/
giant cells in either nonfibrotic or fibrotic HP is a marker of
ongoing antigen exposure and mandates a careful workup for the
offending agent.

Occasionally the inflammatory process in nonfibrotic HP is more
diffuse and is identical to cellular nonspecific interstitial pneumo-
nia (NSIP) (Fig. 2A).

Fibrotic HP

As opposed to nonfibrotic HP, where the morphologic diagnosis
is straightforward in the majority of cases, fibrotic HP is the
problem child of ILD at a pathologic as well as a clinical and
radiologic level. This situation arises in part from the protean
pathologic findings that can be seen in fibrotic HP, in part from
disagreements about the features that do or don’t define fibrotic
HP, and in part from the ability of fibrotic HP to mimic other
forms of fibrotic ILD and vice versa, especially UIP/IPF. A further
complication is that biopsy of clinically and radiologically
evident UIP/IPF cases is now not recommended [1], so that

SPRINGER NATURE

the cases that are biopsied are atypical/indeterminate, and an
increasing proportion of biopsies in the setting of a fibrosing
interstitial pneumonia are cases of fibrotic HP. The distinction of
fibrotic HP from UIP/IPF is not just an academic exercise,
because at present treatment for these conditions differs
considerably (see “Prognosis and Treatment”, below).

Interstitial fibrosis in fibrotic HP may take several different forms
(Tables 3, 4): bronchiolocentric (Figs. 2B, C); bronchiolocentric with
subpleural fibrosis (Figs. 2D, 3A); fibrotic NSIP (Figs. 3B, C), and
variably UIP-like (Fig. 3D). Granulomas/giant cells are similar to
those in nonfibrotic HP (Fig. 4A), but unlike nonfibrotic HP they
may be found anywhere in the parenchyma and not just in a
peribronchiolar location. Granulomas/giant cells are very helpful
when present; however, they are found in only a minority of
fibrotic HP cases. As is true of nonfibrotic HP, Schaumann bodies
are sometimes present and are substitutes for granulomas
(Fig. 3A). Granulomas/giant cells may occasionally also be a
feature of connective tissue disease-associated ILD [18], but are
not part of UIP/IPF.

Peribronchiolar metaplasia refers to fine interstitial fibrosis with
overlying metaplastic bronchiolar epithelium that spreads in the
peribronchiolar interstitium (Figs. 4B-D). We have shown [20] that
peribronchiolar metaplasia affecting more than half of bronchioles
is a generally reliable marker of fibrotic HP (Fig. 5A), and that this
high fraction of bronchioles with peribronchiolar metaplasia is not
seen in UIP/IPF or connective tissue disease-associated ILD
[18, 20]. However, occasional foci of peribronchiolar metaplasia
can be found in any fibrosing interstitial pneumonia and even in
otherwise normal lung, so determination of the proportion of
affected bronchioles is required to use this feature for the
diagnosis of fibrotic HP.

The interstitial inflammatory infiltrate of fibrotic HP can be
sparse as in UIP/IPF or moderately cellular, and when present is
composed predominantly of lymphocytes with a variable number
of plasma cells and sometimes a few eosinophils. An interstitial
infiltrate that is predominantly plasma cells (plasma cell:
lymphocyte ratio >1:1 measured away from lymphoid aggregates)
is against a diagnosis of fibrotic HP and favors CTD-ILD [18], as
does the presence of numerous lymphoid aggregates or lymphoid
aggregates with germinal centers; the latter feature is distinctly
against a diagnosis of fibrotic HP [18].

Fibroblast foci are frequent in fibrotic HP, either in a pattern
similar to that in UIP/IPF or associated with isolated peribronch-
iolar fibrosis. It has been suggested that fibroblast foci associated
with peribronchiolar fibrosis favor a diagnosis of fibrotic HP over
UIP/IPF [21] but we could not find a distinction in a careful
morphometric study of cases assigned to one diagnosis or the
other at MDD [20]. What we did find was that UIP/IPF cases had
statistically greater numbers of fibroblast foci/cm? of biopsy area
compared to fibrotic HP cases, but there was too much overlap in
individual case values to use this measure for diagnosis.

Foci of typical nonfibrotic HP in the form of a bronchiolocentric
interstitial inflammatory infiltrate with giant cells or granulomas
may be found in fibrotic HP biopsies, and can be a very useful hint
to the correct diagnosis in cases that otherwise resemble UIP/IPF.
However, this feature is absent in most cases of fibrotic HP.

Controversial findings in fibrotic HP

Bronchiolocentric fibrosis is present in many cases of fibrotic HP
and indeed is listed as a potential defining feature in the ATS and
ACCP guidelines [9, 10]. However, there are differences in how
different authors use this term and it also remains unclear how
much, if any, bronchiolocentric fibrosis is allowed for a diagnosis
of UIP/IPF. For example, Hashisako et al. [7] circulated a set of ILD
images from 20 ILD cases to 11 pathologists; there was an almost
even split between those who would accept peribronchiolar
fibrosis as part of UIP/IPF and those who viewed peribronchiolar
fibrosis as a marker of a non-UIP/IPF diagnosis.

Modern Pathology (2022) 35:15-27
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Fig. 2 Nonfibrotic hypersensitivity pneumonitis (HP). A A case of nonfibrotic HP with a cellular nonspecific interstitial pneumonia (NSIP)
pattern in a patient with farm exposure. Inset shows a granuloma. B Fibrotic HP. Fibrotic HP with purely bronchiolocentric fibrosis. Patient
exposed to metal-working fluids. C Fibrotic HP. Higher power of Fig. 2B showing giant cells with cholesterol clefts (arrows). D Fibrotic HP.
Patient with pet bird exposure. Note the peribronchiolar fibrosis in the upper part of the field and the subpleural fibrosis in the lower part.

More recently Tanizawa et al. [8] examined the presence or
absence of peribronchiolar fibrosis in a series of 252 VATS
biopsies that had a UIP/IPF-like pattern on biopsy. Of these 215
were considered to represent UIP/IPF after MDD and the other
37 other diagnosis including fibrotic HP. Moderate to marked
amounts of peribronchiolar fibrosis were seen in 1/3 of the UIP/
IPF cases and roughly 2/3 of the non-IPF cases, producing an
odds ratio for a non-IPF diagnosis of 3.71. Thus this study
indicates that, although peribronchiolar fibrosis can be seen in

Modern Pathology (2022) 35:15-27

UIP/IPF, the presence of peribronchiolar fibrosis favors a non-
UIP/IPF diagnosis. The illustrations from this paper suggest that
the authors were evaluating peribronchiolar fibrosis that was
contiguous with subpleural fibrosis, ie, coarse bridging fibrosis,
see below (and similar to Fig. 5B) rather than isolated
peribronchiolar fibrosis.

My own belief is that isolated peribronchiolar fibrosis (Figs. 4A,
B) suggests a non-UIP/IPF diagnosis, and particularly fibrotic HP,
but whether even one such focus moves a case from UIP/IPF or

SPRINGER NATURE
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Table 3. Pathologic features of fibrotic HP.

Variable pattern of interstitial fibrosis that may be

UIP-like

Fibrotic NSIP-like

Purely bronchiolocentric

Mixture of bronchiolocentric and UIP-like
Granulomas/giant cells in a minority of cases (Schaumann bodies sometimes
present and are equivalent to granulomas/giant cells).
Very variable interstitial inflammatory infiltrate, predominantly lymphocytes
when present.
Often predominantly bronchiolocentric fibrosis or numerous foci of
isolated bronchiolocentric fibrosis.
Peribronchiolar metaplasia around >50% of bronchioles favors fibrotic
HP, but peribronchiolar metaplasia not present in all cases and finding
just a few foci of peribronchiolar metaplasia is not specific.
Fine bridging fibrosis from bronchioles to pleura or interlobular septa
(controversial and not present in all cases).
Fibroblast foci (number very variable but present in majority of cases).
Foci of nonfibrotic HP (uncommon).

multiple foci are needed is not known. This issue needs further
examination.

Bridging fibrosis is another controversial issue. The term refers
to fibrotic bridges from the peribronchiolar region to interlobular
septa or the subpleural area (Fig. 4B). UIP/IPF starts in the
periphery of the lobule (subpleural and/or next to interlobular
septa), but as disease advances the lobule tends to be overrun, so
that it is common to find coarse bands of bridging fibrosis (for
example, Fig. 2C in ref [5]). The controversy is whether fine bands
of bridging fibrosis in lobules that are not overrun (such as Fig. 4B)
represent fibrotic HP or are also part of UIP/IPF.

The ATS and ACCP guidelines list organizing pneumonia (BOOP,
COP) as a feature of nonfibrotic and fibrotic HP. In my experience
organizing pneumonia is extremely uncommon in HP, and if
substantial amounts are present in fibrotic HP, the process is more
likely to be a manifestation of an acute exacerbation rather than
an intrinsic part of the disease.

Even ignoring these areas of controversy, there are cases of
fibrotic HP that are indistinguishable from UIP/IPF or, less
commonly, from fibrotic NSIP.

ROLE OF TRANSBRONCHIAL FORCEPS BIOPSY AND
CRYOBIOPSY IN THE DIAGNOSIS OF HP

Conventional transbronchial forceps biopsy is occasionally useful
in the diagnosis of nonfibrotic HP if there is a combination of
interstitial chronic inflammation and giant cells/granulomas. The
latter must be present because interstitial inflammation by itself is
completely nonspecific in a transbronchial biopsy. The diagnosis
of HP in this situation always requires compatible clinical and
radiologic findings.

Transbronchial cryobiopsy offers the theoretic advantages of
potentially much larger pieces of tissue and an absence of
collapse artifact, since the lung is frozen in its in situ configuration
by the biopsy [22]. However, cryobiopsy for the diagnosis of ILD is
extremely controversial, with the only two studies that, thus far,
have examined cryobiopsy and VATS biopsy in the same patients
coming to diametrically opposite conclusions about whether the
diagnosis from cryobiopsy correlates with the diagnosis from VATS
biopsy [23, 24].

A further problem with cryobiopsy, considering how hard it is
being pushed in some quarters, is an astonishing lack of published
pathologic criteria. A very recent followup analysis from the
COLDICE study (24, one of the investigations looking at cryobiopsy
vs VATS biopsy in the same patients) suggested that patchy

SPRINGER NATURE

Differential diagnosis of fibrotic interstitial lung disease with a UIP-like pattern.

Table 4.

Fibroblast foci Peribronchiolar metaplasia

Granulomas or giant cells

%ates/

Lymphoid aggre
germinal centers

Interstitial inflammation®

(predominant cell)

Diagnosis

Occasional foci may be present

Always present

Not present

Few to none/Rare to

nonexistent

Paucicellular (lymphocytes)

UIP/IPF

>50% of bronchioles affected

Common
favors fibrotic HP

Minority of cases

Few to none/Rare to

nonexistent

Paucicellular to moderately cellular

(lymphocytes > plasma cells)

Fibrotic HP

Occasional foci may be present

Variable, not always

present

Minority of cases generally few if

present

Often numerous/Common

Paucicellular to moderately cellular (often

plasma cells > lymphocytes)

CTD-ILD®

Very uncommon

Uncommon

Numerous, well-defined often

with concentric fibrosis

Few to none/Rare to

nonexistent

Paucicellular

Sarcoid?

dUIP-like pattern rare in sarcoid; most cases show nodular or occasionally linear scarring. When present is upper zone predominant.

Away from areas of honeycombing; honeycombed foci often show lymphoid aggregates in any disease.

®Estimated away from lymphoid aggregates.
“Connective tissue disease-associated ILD.

Modern Pathology (2022) 35:15-27
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Fig. 3 Fibrotic hypersensitivity pneumonitis (HP). A Several Schaumann bodies with a giant cell in the same field as Fig. 2D. Schaumann
bodies are, effectively, tombstones of granulomas and provide the same diagnostic information. B Patient with household mold exposure. In
this case the pattern is that of fibrotic nonspecific interstitial pneumonia (NSIP). C Higher power view of figure 11 showing granulomas
(arrows) which indicate that this is really fibrotic HP and not NSIP. D Patient with hot tub exposure. In this lobe the biopsy is a perfect mimic of

usual interstitial pneumonia/idiopathic pulmonary fibrosis.

fibrosis and fibroblast foci could be used to define UIP/IPF in
cryobiopsies [25]; the problem is that patchy fibrosis and fibroblast
foci are also features of fibrotic HP and some cases of connective
tissue disease-ILD as well, and | do not believe that these features
will separate fibrotic HP from UIP/IPF in cryobiopsies.

There appear to be no published data on the features claimed
to support a diagnosis of fibrotic HP in cryobiopsies, even though

Modern Pathology (2022) 35:15-27

that diagnosis has been made in some of the published studies
[23, 24]. To address this in part, we [26] performed an in silico
study by creating multiple 20 mm? “cryobiopies” from the slides of
15 VATS biopsy cases that had been classified as 60% or greater
probability of fibrotic HP at a special MDD. Somewhat surprisingly,
the sensitivity of these “cryobiopsies” for giant cells/granulomas
was poor; even with 8 “cryobiopsies,” (160 mm? total area) giant

SPRINGER NATURE
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Fig. 4 Fibrotic hypersensitivity pneumonitis (HP). A Same case as Fig. 3D. In this lobe is prominent peribronchiolar fibrosis with minimal
subpleural fibrosis, a pattern that is against a diagnosis of usual interstitial pneumonia/idiopathic pulmonary fibrosis (UIP/IPF). A granuloma is
shown in the inset. B Low power view of the biopsy shows minimal subpleural fibrosis with fine bridging fibrosis and peribronchiolar fibrosis.
C Same case as Fig. 4B. High power view of another area showing prominent peribronchiolar metaplasia. Peribronchiolar metaplasia was
present around more than 50% of bronchioles, a finding that supports a diagnosis of fibrotic HP. No source of exposure could be determined.
D An example of fibrotic HP in which the underlying pattern of fibrosis is that of UIP, but there is peribronchiolar metaplasia around every

airway in the field (arrows), a finding that favors fibrotic HP.

cells/granulomas were found in only 50% of the cases in which
they were visible in the VATS biopsies. The ability to detect
peribronchiolar metaplasia was considerably better; with 4
“cryobiopsies” (80 mm? total tissue area) the sensitivity/specificity
for finding peribronchiolar metaplasia in =50% of bronchioles was
86/75%. Addition of giant cells/granulomas increased these

SPRINGER NATURE

numbers to 100/80%. What these data also imply is that
cryobiopsies will require sampling of both a minimal number of
sites and a minimal tissue area to be useful in this context.

Until there are published data and agreement on the features
that allow specific identification of fibrotic HP, pathologists should
be very cautious in rendering diagnoses using cryobiopsies.
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Fig. 5 Fibrotic hypersensitivity pneumonitis (HP). A Relationship between percent confidence in a diagnosis of fibrotic hypersensitivity
pneumonitis (HP) vs usual interstitial pneumonia/idiopathic pulmonary fibrosis (UIP/IPF) and fraction of bronchioles showing
peribronchiolar metaplasia. A 50% or greater fraction of bronchioles with peribronchiolar metaplasia was only seen in cases with a
60% or greater probability of fibrotic HP as determined at a special multidisciplinary discussion (see ref [20]). Note that peribronchiolar
fibrosis was present in small numbers in both the fibrotic HP cases (right side of graph) and the UIP/IPF cases (left side of graph); finding
only a few foci of peribronchiolar metaplasia is not helpful diagnostically. B A case that is difficult to classify. The basic pattern is that of
UIP/IPF, but large blocks of fibrosis extend around bronchioles. This pattern can be seen in both UIP/IPF and fibrotic HP. C Connective
tissue disease-associated interstitial lung disease (ILD). There is peribronchiolar fibrosis with almost no subpleural fibrosis. This pattern is
strongly against a diagnosis of UIP/IPF but can be seen with both fibrotic HP and connective tissue disease-associated ILD. Here the
numerous lymphoid aggregates (arrows), including aggregates with germinal centers (inset) strong favor a diagnosis of connective tissue
disease-associated ILD. D Sarcoid. An example of sarcoid with extensive linear scarring somewhat mimicking the peribronchiolar fibrosis
of fibrotic HP. However, there are numerous well defined granulomas, some with concentric fibrosis (not visible at this magnification);
fibrotic HP cases do not show these features.
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PATHOLOGIC DIAGNOSIS USING THE AMERICAN THORACIC
SOCIETY AND AMERICAN COLLEGE OF CHEST PHYSICIANS
HYPERSENSITIVITY PNEUMONITIS PRACTICE GUIDELINES

The ATS and ACCP practice guidelines [9, 10] try to standardize
criteria for the diagnosis of HP at a clinical, radiologic, and
pathologic level. The ATS guidelines use the categories of HP,
Probable HP, and Indeterminate for HP, while the ACCP guidelines
use Typical HP, Compatible with HP, Indeterminate for HP, and
Alternative Diagnosis.

The pathologic criteria for the HP/definite HP category for both
nonfibrotic and fibrotic HP largely match what has been set forth
in this manuscript (Tables 2 and 3), but with minor differences
between this paper and the guidelines and between the two sets
of guidelines themselves. In both guidelines the distinction
between HP/definite HP and probable HP/compatible with HP
(nonfibrotic or fibrotic) is defined by the presence or absence of
granulomas/giant cells (presence = definite, absence = probable/
compatible), with other features the same in both categories. The
reader is referred to those publications for details.

The pathology categories are set up purposely to match the
radiologic categories in the same guidelines, and for radiologists
the categories seem to work reasonably well. For pathologists this
type of categorization is often awkward; indeed the similarly
organized ATS IPF pathology guidelines [2] have been the subject
of considerable criticism because they are largely unworkable
(reviewed in [27, 28]). For HP, the definite HP and probable HP
categories are usable, although one would have to pick one or the
other or the criteria set out in this paper. The Indeterminate for HP
category is functionally useless since it amounts to no more than
stating that the features observed in a biopsy are those of an
interstitial lung disease but not specific enough to support a
diagnosis of HP nor to suggest an alternative diagnosis.

In my view the main application of both guidelines for
pathologists is in highly structured multidisciplinary ILD discus-
sions, or as part of research protocols. For everyday practice, the
guidelines impose an unrealistic rigidity on diagnoses. | think it is
much more useful to either make a definitive diagnosis of HP if the
features are clear, or to provide a differential diagnosis such as
“fibrosing interstitial pneumonia, favor fibrotic HP over UIP/IPF”
than to try to squeeze cases into the guideline categories, which
by definition do not allow a differential diagnosis. This approach
has broader clinically applicability, since clinicians often want to
know the pathologist’s view of the likely possibilities for a given
biopsy, rather than just the single category diagnoses that the
guidelines allow.

DIFFERENTIAL DIAGNOSIS OF NONFIBROTIC HP

The major differential diagnoses of nonfibrotic HP are sarcoid,
microaspiration, and primary bronchiolitis. The distinction from
sarcoid is generally straightforward: in sarcoid granulomas are
numerous and are the predominant feature, and there is no
interstitial inflammation. Sarcoid granulomas show a lymphangitic
distribution (along the bronchovascular bundles, interlobular
septa, and pleura) and often have fine rims of concentric fibrosis
(for illustrations see ref. [29]).

Microaspiration can produce a granulomatous bronchiolitis.
Hints to the correct diagnosis are the presence of foreign material
in the bronchiolar walls or lumens that is often digested PAS or
polarization positive, and foreign body type giant cells. In general
microaspiration does not produce the characteristic peribronch-
iolar interstitial inflammation of nonfibrotic HP but some cases do
show this feature; however, foreign material in the airspaces distal
to or around the bronchioles is not a feature of HP.

Primary bronchiolitis has a wide variety of causes (reviewed in
[30]), of which infection is probably the most common. The
presence of neutrophils is suggestive of an infectious bronchiolitis,
as is the combination of neutrophils in the bronchiolar lumen and
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chronic inflammatory cells in the bronchiolar wall. Infectious
bronchiolitis is usually confined to the bronchioles and does not
spread in the peribronchiolar interstitium.

DIFFERENTIAL DIAGNOSIS OF FIBROTIC HP

The differential diagnosis of fibrotic HP depends on the pattern of
fibrosis. For pure peribronchiolar fibrosis, a major differential is
microaspiration, and this distinction can be difficult if foreign
material is not found because both fibrotic HP and microaspirtion
can have associated granulomas. One helpful hint is that
microaspiration does not produce the pattern of peribronchiolar
fibrosis plus separate subpleural fibrosis that is common in fibrotic
HP, nor, in my experience does microaspiration produce
peribronchiolar metaplasia.

CTD-ILD can also produce a pattern of pure peribronchiolar
fibrosis (Fig. 5C). The presence of numerous lymphoid aggregates,
especially aggregates with germinal centers, and/or a plasma cell
to lymphocyte ratio >1:1 (measured away from lymphoid
aggregates) all suggest underlying CTD [18] or so-called interstitial
pneumonia with autoimmune features (IPAF) [31].

A fibrotic NSIP pattern is most often a manifestation of
underlying connective tissue disease or IPAF [31], and is a
relatively uncommon pattern in fibrotic HP. Again, the finding of
an interstitial plasma celllymphocyte ratio >1:1, numerous
lymphoid aggregates, or lymphoid aggregates with germinal
centers favors a diagnosis of connective tissue disease-
associated NSIP, whereas the presence of granulomas or giant
cells favors fibrotic HP. However, granulomas/giant cells are
occasionally present in connective tissue disease-associated
ILD [18].

Sarcoid usually scars by forming nodules, but sometimes scars
in a more linear fashion (Fig. 5D). As opposed to fibrotic HP, in
general even scarred sarcoid will demonstrate numerous sharply
defined granulomas, and these may be overrun by hyalinization,
something that is not a feature of fibrotic HP. As well, in sarcoid
there is usually no interstitial inflammatory infiltrate.

The major problem is the separation of fibrotic HP with a UIP-
like pattern from UIP/IPF, connective tissue disease-associated ILD
with a UIP-like pattern, and, rarely, sarcoid. Differentiating features
are shown in Table 4. UIP-like fibrotic HP is often very
paucicellular, but if interstitial cellularity is present, the predomi-
nant cell (away from lymphoid aggregates) should be lympho-
cytes. The same findings mentioned above in regard to plasma
cells, lymphoid aggregates, and germinal centers apply to the
diagnosis of CTD-ILD with a UIP-like pattern [18]. Granulomas/
giant cells favor fibrotic HP but occasionally are found in CTD-ILD.
Peribronchiolar metaplasia affecting = 50% of bronchioles
strongly supports a diagnosis of fibrotic HP [20]. The issue of
how much peribronchiolar fibrosis is permissible in UIP/IPF has
been discussed above (and see Fig. 5B).

MOLECULAR TESTING IN THE DIAGNOSIS OF HP
Compared to the extensive detailed genetic analysis of neoplasms,
there is relatively little in the literature on the genomics of ILD.
These published reports have either looked at single nucleotide
polymorphisms (SNPs) or gene expression patterns.

The MUC5B minor allele (rs35705950 G to T) was initially
described in patients with UIP/IPF and has the functional effect
of increased MUC5B production [32]. Non-Hispanic Caucasian
heterozygous carriers of the minor allele have about a 6 fold risk
of developing UIP/IPF and homozygous carriers about a 20 fold
risk compared to individuals with no copies. While the MUC5B
allele explains about 30% of the risk of developing UIP/IPF, it
cannot be used for diagnosis, both because about 10% of the
Non-Hispanic Caucasian population carries the minor allele, so
that it may show up with any disease, and, particularly important
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for this discussion, it is also found with increased frequency in
patients with fibrotic HP, patients with rheumatoid arthritis-
associated UIP, and patients with asbestosis [32-35] (Fig. 6).
These observations have lead to the conclusion that excess
MUC5B is itself fibrogenic, although the mechanisms behind this
effect are unclear.

A wide variety of other SNPs are found with increased
frequency in UIP/IPF, particularly SNPs in genes related to
telomere maintenance (TERT, TERC); some SNPs in these genes
lead to shortened telomeres at the ends of chromosomes [32].
However, the same lack of disease specificity applies to TERT and
TERC as applies to MUC5B: these SNPs appear to predispose to the
development of progressive fibrosing lung diseases but do not
discriminate among them. Of interest, short telomeres don't
predispose to COPD [36].

Analysis of RNA expression patterns (RNAseq) has been
promulgated as a means of identifying ILD, most commonly
UIP/IPF. This approach offers a number of theoretical advantages,
including, in some hands, the claimed ability to make specific
diagnoses on conventional transbronchial forceps biopsies or
transbronchial cryobiopsies [37-39]. The problem is that the
classifiers have largely been set up by comparing UIP/IPF cases to
other forms of ILD that are generally not fibrotic, with very few or
no fibrotic HP cases included in the training sets, and the recent
report by Kheir et al. [38] showed that their molecular classifier did
not discriminate well between UIP/IPF and fibrotic HP; indeed, the
paper by Richeldi et al. [39] indicates that this particular classifier
will not separate UIP/IPF from fibrotic HP, some cases of CTD-ILD,
and asbestosis.

The only paper that has specifically addressed gene expres-
sion patterns in fibrotic HP is that of Furosawa et al. [40]. Not

SNPs Associated with the Risk of Disease in Fibrosing

Interstitial Pneumonias

HLADRB1

CTD-ILD

Fig. 6 Single nucleotide polymorphisms associated with various
forms of fibrosing interstitial pneumonias. Note the overlaps,
particularly the finding of the MUC5B rs35705950 minor allele in
usual interstitial pneumonia/idiopathic pulmonary fibrosis, fibrotic
hypersensitivity pneumonitis, some cases of connective tissue
disease-associated interstitial lung disease, and asbestosis. This
allele appears to confer a risk of developing a fibrosing interstitial
pneumonia but is not disease specific.
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surprisingly, they found a major overlap in expression patterns
between UIP/IPF and fibrotic HP, presumably reflecting under-
lying fibrosis, but there were also differences: fibrotic HP cases
showed increased expression of genes related to immune
responsiveness and chemokine-mediated signaling, and in
theory a UIP/IPF vs fibrotic HP expression pattern could be
developed from these data.

All of these issues may be sorted out over time, but at the
minute there does not appear to be a genetic test for separating
UIP/IPF from fibrotic HP. However, given forthcoming changes in
treatment of fibrosing interstitial pneumonias, this issue may
become moot (see section “Treatment and Prognosis”).

TREATMENT AND PROGNOSIS

The prognosis of HP definitely depends on the presence or
absence of fibrosis, and less certainly on the ability to identify the
offending antigen. Patients with radiologic [41, 42] or pathologic
[43, 44] fibrosis have a consistently worse prognosis than those
with no evidence of fibrosis; indeed nonfibrotic HP appears to be a
disease that responds well to treatment.

In fibrotic HP the exact relationship between the pattern of
pathologic fibrosis and prognosis is not clear. The few published
reports on patients with fibrotic HP and a UIP-like pattern on
biopsy generally reported an outcome similar to UIP/IPF (reviewed
in 5). We [43] found that UIP-like and NSIP-like fibrosis were
associated with equally poor outcomes, with a median survival of
less than four years from the time of biopsy, whereas patients with
only isolated peribronchiolar fibrosis fared better, while Wang
et al. [44] reported that all 3 patterns were associated with a poor
prognosis.

There is a widespread belief among ILD physicians that removal
from antigen exposure improves the outcome in HP [45], but with
little actual data on the question. However, Fernandez Perez et al.
[41] did find that identification of the offending antigen was
associated with better survival in both nonfibrotic and fibrotic HP.
Sema et al. [46] reported that in patients with bird-induced fibrotic
HP who had notionally ceased exposure, those with higher levels
of residual household avian proteins fared worse than those with
lower levels.

The major problem with removing the patient from antigen
exposure is that, for probably the majority of fibrotic HP cases,
the offending agent cannot be determined as noted above;
[9, 10] nonetheless, it is important to include fibrotic HP in the
differential diagnosis of biopsies that morphologically resemble
UIP/IPF or fibrotic NSIP so that the clinician can search for
potential exposures.

At this time the recommended treatment of both nonfibrotic
and fibrotic HP is an immunosuppressive agent. For nonfibrotic HP
this is typically a steroid, whereas for fibrotic HP mycophenolate or
azathioprine is usually employed [47] (Table 5). The recommended
treatment for UIP/IPF is an antifibrotic agent (pirfenidone,
nintedanib) and steroids are contraindicated because they lead
to worse outcomes [2], so the diagnostic distinction between
fibrotic HP and UIP/IPF is crucial.

This scenario often puts the pathologist in a difficult position,
since, as indicated above, separating fibrotic HP from UIP/IPF

Table 5.

Disease Current Treatment

Usual interstitial pneumonia/idiopathic
pulmonary fibrosis

Fibrotic hypersensitivity pneumonitis
azathioprine)

Connective tissue disease-associated
fibrotic ILD

Modern Pathology (2022) 35:15-27

Anti-fibrotic agent (pirfenidone/nintedanib)
Immunosuppressive agent (mycophenolate,

Immunosuppressive agent (steroids,
mycophenolate, azathioprine)

Current and near future treatment of progressive fibrosing interstitial pneumonias.

Near Future Treatment
Anti-fibrotic agent (pirfenidone/nintedanib)

Anti-fibrotic agent (pirfenidone/nintedanib)

Anti-fibrotic agent (pirfenidone/nintedanib) if no
response to immunosuppression
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on biopsy can be exceedingly difficult. However, treatment
recommendations in this area are rapidly changing because of
very recent clinical trials that have demonstrated the value of the
antifibrotic agents pirfenidone and nintedanib in any form of
progressive fibrosing interstitial pneumonia [48, 49]. Once the use
of antifibrotic agents in fibrotic HP becomes the accepted
standard of treatment, the distinction between fibrotic HP and
UIP/IPF will become less crucial.
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