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Purpose of review

Exposure-related bronchiolitis is increasingly recognized as an important but challenging clinical diagnosis.
Acute and chronic inhalational exposures are associated with variable clinical presentations and a
spectrum of histopathologic abnormalities affecting the small airways. This review provides an overview of
the histologic patterns and occupational settings for exposure-related bronchiolitis, along with recent
advances in disease diagnosis and management.

Recent findings

The entire histopathologic spectrum of bronchiolitis (constrictive, obliterative, proliferative, lymphocytic,
respiratory) has been reported in exposure-related bronchiolitis. Recent studies have shown that lung
clearance index testing and impulse oscillometry are more sensitive than spirometry in detecting small
airways abnormalities and may augment the diagnosis of occupational bronchiolitis. Prognosis in indolent
occupational bronchiolitis appears more favorable than some other types of bronchiolitis but is variable
depending on the extent of bronchiolar inflammation and the stage of disease at which exposure removal

occurs.

Summary

No specific histopathologic pattern of bronchiolitis is pathognomonic for occupational bronchiolitis as one
or more histologic patterns may be present. A high index of suspicion is needed for exposure and disease
recognition. Recent advances that may aid in diagnosis include transbronchial cryobiopsy, lung clearance
index testing, and impulse oscillometry, although further research is needed.
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The diagnosis of bronchiolitis has received increas-
ing attention in the occupational/environmental
medical community as new causes and exposures
have been identified and with the availability of
newer diagnostic tools that may improve disease
recognition. Classification of bronchiolar disorders
is commonly based on either the clinical setting in
which they occur or on lung histopathologic find-
ings. There are seven major clinical categories
of bronchiolitis: occupational or environmental
exposure-related bronchiolitis, panbronchiolitis,
autoimmune or inflammatory bowel disease bron-
chiolitis, bronchiolitis obliterans syndrome follow-
ing lung or stem cell transplantation, drug-induced
bronchiolitis, and infectious or postinfectious bron-
chiolitis [1-9]. Bronchiolitis also has been described
in association with rare entities such as diffuse
idiopathic neuroendocrine cell hyperplasia and
with lymphoreticular malignances complicated by
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paraneoplastic pemphigus [5,10]. This review
focuses on exposure-related bronchiolitis, begin-
ning with the histologic spectrum of bronchiolitis,
followed by an update on causes and exposure set-
tings, diagnosis including newer diagnostic modali-
ties, and approaches to disease management.
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Occupational disease

KEY POINTS

¢ No specific histopathologic pattern of bronchiolitis is
pathognomonic for exposure-related bronchiolitis as
one or more histologic patterns may be present.

e A high index of suspicion is needed to identify relevant
exposures and for diagnosis of occupational
bronchiolitis, as conventional diagnostic tools often
yield findings that are nonspecific or normal.

e Recent advances that may aid in diagnosis of
occupational bronchiolitis include transbronchial
cryobiopsy, lung clearance index testing, and impulse
oscillometry, although further research is needed.

HISTOPATHOLOGIC SPECTRUM OF
BRONCHIOLITIS

The most concise definition of bronchiolitis is
inflammation of the small airways that are 2mm
or less in diameter. Bronchiolitis occurs as a response
to tissue injury, with inflammation of small airway
epithelial cells and subepithelial structures leading
to excessive fibroproliferation due to aberrant tissue
repair [1]. Primary bronchiolar disorders — those in
which the pathologic process centers mainly on
noncartilaginous small airways — are distinguished
from disorders such as asthma, hypersensitivity
pneumonitis, and other large airway or interstitial
lung diseases in which secondary bronchiolar
abnormalities often occur [11]. The major histo-
pathologic types of bronchiolitis are constrictive,
obliterative, proliferative, lymphocytic, and respira-
tory bronchiolitis along with mineral dust airway
disease [1,3]. The full spectrum of these histopatho-
logic patterns may be seen in exposure-related
bronchiolitis.

Constrictive bronchiolitis

Constrictive bronchiolitis occurs from airway
luminal narrowing by concentric subepithelial
deposition of collagen in the bronchiolar wall. This
inflammatory process surrounds rather than fills the
bronchiolar lumen, resulting in extrinsic compres-
sion of the small airway. Constrictive bronchiolitis
can be difficult to observe on routine hematoxylin
and eosin (H & E) stains, and special elastic tissue
stains, such as pentachrome stains, are helpful in
assessing the degree of small airway constriction
(Fig. 1a and b). The fibrosis may be accompanied
by varying degrees of inflammation, usually
lymphocytic. Constrictive bronchiolitis has been
described in nearly all of the clinical categories of
bronchiolitis, and is one of the classic sequelae of
acute and chronic inhalational injury.

Obliterative bronchiolitis

Also referred to as bronchiolitis obliterans, oblitera-
tive bronchiolitis is characterized by total or near
total obliteration of the small airway by fibrosis,
usually with minimal inflammation. The fibrosis
consists predominantly of mature collagen. Obliter-
ated airways can be difficult to appreciate on H & E
stains (Fig. 2a), and often elastic tissue and collagen
stains are necessary to identify the obliterated air-
way (Fig. 2b). Identification can be even more diffi-
cult because the lesion is patchy — not all airways are
affected. Frequently, there are also airways with
some degree of constrictive bronchiolitis. A helpful
clue to the presence of obliterated airways is the
finding of unaccompanied pulmonary arteries, as
pulmonary arteries and airways travel together in
the bronchovascular bundle.

FIGURE 1. (o) H & E stained image of an airway shows mild constrictive changes characterized by pink fibrous tissue
between the smooth muscle and the bronchiolar epithelium. (b) Low-power image of an airway and adjacent pulmonary artery

stained with pentachrome. The constricted airway shows circumferential deposition of yellow collagen interposed between the
elastic lamina (black) and the basement membrane of the epithelium (purple). The adjacent pulmonary artery is easily

identified by the presence of double elastic laminae.
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FIGURE 2. (a) H & E image of an obliterated airway. Here, one can appreciate the difficulty is looking for a totally
obliterated airway. The pink central fibrosis is the scarred lumen and on this higher power image, the smooth muscle layer of
the bronchiolar wall is evident. The adjacent pulmonary artery (with the intraluminal red blood cells) aids in establishing the
bronchovascular location. (b) Low-power image of the same artery and bronchiole as in panel (a), but with a pentachrome
stain, illustrates the luminal filling of the airway by dense collagen (yellow). The airway is much easier to identify with this
staining technique as the elastic lamina is highlighted in black and the smooth muscle in red-purple.

Proliferative bronchiolitis (organizing
pneumonia)

Organizing pneumonia (formerly, bronchiolitis
obliterans organizing pneumonia, BOOP) is the pri-
mary form of proliferative bronchiolitis. The histol-
ogy is characterized by intraluminal buds or plugs
of fibroblastic tissue (also called Masson bodies).
Unlike obliterative or constrictive bronchiolitis,
organizing pneumonia is located within airway
lumina and can extend into adjacent airways in a
serpiginous pattern. The fibroblasts have a spindled
lower power appearance with parallel arrays and a
pale-staining matrix. The pentachrome (Movat)
stain effectively highlights immature collagen with
a blue to blue-green hue (mature collagen stains
yellow) (Fig. 3). Often, foamy macrophages are
identified in adjacent airspaces. Another feature of
organizing pneumonia is the presence of small
blood vessels.

Lymphocytic bronchiolitis

Lymphocytic bronchiolitis shares features of lym-
phoid hyperplasia with follicular bronchiolitis, and
both typically occur in response to an immune
stimulus. Lymphocytic bronchiolitis shows a band-
like inflammatory infiltrate in the bronchiolar sub-
mucosa composed of a mixture of mature B and T
lymphocytes (Fig. 4a). Follicular bronchiolitis is also
composed of a mixture of B and T lymphocytes;
however, lymphocytes are aggregated into follicles
and often show germinal center formation (Fig. 4b).
Lymphocytic and follicular bronchiolitis can
completely encase the small airway, and with
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follicular bronchiolitis, there can be compression
of the bronchiolar lumen. A distinctive pattern of
lymphocytic bronchiolitis and peribronchiolitis
with lymphoid hyperplasia has been described in
nylon flocking industry workers, in which inhala-
tion of short lengths of synthetic fibers stimulates an
immunologic response and can lead to disabling
occupational lung disease termed ‘nylon flock
worker’s lung’ [12].

FIGURE 3. Pentachrome stains of organizing pneumonia.
The plug of organizing fibroblastic/myofibroblastic tissue,
which stains green because of the mucopolysaccharide
content, fills the lumen. Adjacent airspaces also contain
plugs of organizing pneumonia. Adjacent alveolar septae
are mildly expanded by chronic inflammation, but no
significant fibrosis is identified.
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FIGURE 4. (a) Image of lymphocytic bronchiolitis shows a dense infiltrate of mature lymphocytes partially surrounding an
airway (H & E stain). (b) In contrast to lymphocytic bronchiolitis, follicular bronchiolitis demonstrates lymphoid follicles with
germinal cenfers. These follicles partially surround and focally compress the airway lumen (H & E stain).

Respiratory bronchiolitis

Respiratory bronchiolitis has a distinct appearance
characterized by loose accumulations of finely granu-
lar, yellow-brown pigmented macrophages within
membranous and respiratory bronchioles (Fig. 5).
The macrophages often extend into adjacent alveolar
spaces and are mixed with mucin. There is usually an
accompanying peribronchiolar metaplastic change of
the alveolar spaces, imparting an irregular appearance
to the bronchiole. The pigment stains dusky blue on
iron stain, which aids in differentiating smoking pig-
ment from the coarser granules of hemosiderin.

Mineral dust airway disease

The term mineral dust airway disease refers to the
deposition of inhaled inorganic dust in the small

FIGURE 5. Yellow-brown pigmented macrophages (smoker’s
macrophages) of respiratory bronchiolitis accumulate within
membranous and respiratory bronchioles, with focal
extension into surrounding airspaces (H & E stain).
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airways (Fig. 6a and b), leading to chronic inflam-
mation with associated fibrosis [13]. The degree of
bronchiolar wall fibrosis is linked to local dust bur-
den and can be associated with obstructive lung
function abnormalities. Exposure to a number of
inorganic dusts including asbestos, coal mine dust,
silica, silicates, talc, and aluminum oxide has been
associated with this form of bronchiolitis [14"].

CAUSES AND EXPOSURE SETTINGS

Acute toxic inhalation was, until fairly recently, the
most widely recognized exposure circumstance for
occupational bronchiolitis. The earliest case reports
of occupational bronchiolitis were associated with
acute exposure to poisonous gases containing hydro-
gen sulfide, sulfur dioxide, and chlorine during
World War1(1914-1918), and later to sulfur mustard
in the Iran-Iraq War (1980-1988) (Table 1). These
toxic gases caused acute lung injury with rapid onset
of chemical pneumonitis and pulmonary edema. In
survivors, respiratory impairment was often severe
[15,16]. Reports have described acute pneumonitis
followed by progressive fixed airways obstruction due
to obliterative/constrictive bronchiolitis in workers
exposed to nitrogen oxides and other toxic fermen-
tation gases during grain silo loading/unloading - so-
called silo filler’s disease [17]. Bronchiolitis from
acute exposure to other irritants including ammonia,
phosgene, cadmium, and household cleaners has
also been reported [18-20].

Chronic inhalational exposures associated with
insidious presentation of bronchiolitis have
emerged as major concerns over the past 2 decades
(Table 1). Much of what is currently known comes
from research on diacetyl-exposed workers in flavor
manufacturing, flavor chemical production, and in
avariety of food flavoring industries including snack
foods (e.g., microwave popcorn manufacturing,
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(a) H & E stained section demonstrates peribronchiolar fibrosis associated with dustladen macrophages. The
airway epithelium is visible in the upper right of the image and shows normal respiratory type epithelium. (b) Examination of

the tissue under polarized light reveals numerous refractile silicates, which can be seen with exposure to dusts containing

crystalline silica.

chips, confections, and baked products), dairy prod-
ucts, and coffee roasting [21-23]. A seminal investi-
gation by the National Institute for Occupational
Safety and Health (NIOSH) found that 87% of 135
workers at a microwave popcorn production plant
using diacetyl for butter flavoring had excessive
rates of respiratory symptoms, frequent physician-
diagnosed obstructive lung disease, and fixed air-
ways obstruction on spirometry [24]. In-depth clini-
cal description of eight former workers from this
facility described findings of occupational bronchi-
olitis [25].

A 2011 case series of 80 soldiers who had served
since 2001 in Iraq or Afghanistan described persis-
tent respiratory symptoms (mainly exertional dys-
pnea) in those reporting inhalational exposures to
sandstorms, combustion products from burn pits in
which waste was burned with diesel fuel, combat
dusts, and/or exposure to a sulfur mine fire from
which sulfur oxides were released. Surgical lung
biopsies in 38 symptomatic soldiers showed findings
of obliterative and constrictive bronchiolitis, with

luminal narrowing and peribronchial pigment [26].
Other investigators have reported similar findings in
post-9/11 military personnel who have deployed
to Iraq, Afghanistan, and other southwest Asia
locations (deployers) [27].

Cases of exposure-related bronchiolitis have
occurred among World Trade Center (WTC)
responders who were exposed to large clouds of
dust at ‘Ground Zero’ following the collapse of
the WTCon 11 September 2001 [28,29]. For months
thereafter, smoldering fires burned, diesel fumes
were released, and alkaline WTC dust was aerosol-
ized until recovery efforts ended on 30 May 2002
[30]. One report described a police officer who
worked for 16-h shifts, 7 days a week for 3 weeks
after the disaster. Within 2 days he noted onset of
dyspnea associated with a progressive decline in
lung function. Surgical lung biopsy showed focal
obliterative bronchiolitis with rare nonnecrotizing
granulomas [31].

Casereports describe a number of additional expo-
sures associated with risk for indolent bronchiolitis

Table 1. Exposures and reported histopathologic patterns of occupational bronchiolitis

Exposures

Histopathology

Silo fillers disease (nitrogen oxides)

Sulfur mustard gas

Nylon flocking industry workers
Flavoring-related lung disease (e.g., diacetyl)
World Trade Center-related lung disease
Post-9/11 deploymentrelated bronchiolitis

Mineral dust (coal mine dust, silica/silicates, asbestos, talc,
aluminum oxide)

Constrictive bronchiolitis

Constrictive, lymphocytic, and respiratory bronchiolitis
Lymphocytic bronchiolitis

Constrictive and obliterative bronchiolitis

Chronic bronchiolitis and focal obliterative bronchiolitis

Constrictive, obliterative, proliferative, lymphocytic, and respiratory
bronchiolitis

Respiratory bronchiolitis
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including a worker with long-term exposure to cotton
dust [32]; a case of BOOP in a worker with 3 months of
workplace exposure to heated polyester powders con-
taining titanium dioxide nanoparticles [33]; fly ash
[34] and from styrene exposure in fiberglass boatbuild-
ers [35]. Possible small airway effects from nanoparti-
cle exposures and from inhalation of components of
electronic nicotine delivery systems await further
investigation.

Diagnosis of bronchiolitis with noninvasive meth-
ods may be challenging unless there is substantial
lung involvement. These challenges are related to
the distal and often patchy inflammation affecting
the large surface area of small airways. A strong
index of suspicion in the appropriate clinical setting
in combination with suggestive physiologic and
chest imaging abnormalities may aid in diagnosing
bronchiolitis. However, physiologic and imaging
abnormalities are not always present and, in some
cases, histopathologic assessment is needed for diag-
nosis [29,36,37,38".

Clinical presentation

The severe respiratory symptoms associated with
pulmonary edema following acute toxic gas inhala-
tion are not delayed or subtle. In survivors, there is
often a period of apparent recovery, followed within
days to weeks by progressive dyspnea, chest tight-
ness, and cough associated with lung function
decline from evolving bronchiolitis. The clinical
presentation of patients with indolent exposure-
related bronchiolitis is characterized by insidious
onset and progressively worsening dyspnea on exer-
tion, often with nonproductive cough. Patients typ-
ically describe no work-related pattern of symptom
onset or exacerbation. The latency period for symp-
tom onset in indolent bronchiolitis varies from
weeks to years, with a median symptom latency
in microwave popcorn workers of 1.5 years (range
5 months to 9 years).

Comprehensive medical and occupational/
environmental exposure history

Clinicians should conduct a thorough review of a
symptomatic patient’s medical and social history as
well as a comprehensive history of occupational and
environmental exposures. Review of the patient’s
chronology of past jobs, job titles, and job tasks is
necessary to elicit details of exposure to dusts, gases,
fumes, and other toxicants [38%,39]. Information on
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use of respiratory protection and on similar symp-
toms or lung conditions affecting coworkers should
be elicited.

Pulmonary function testing

Lung function in bronchiolitis is associated classi-
cally with obstruction characterized by reduced
forced expiratory volume in 1s (FEV1) and FEV1/
forced vital capacity (FVC) ratio, usually with no
significant response to bronchodilator [1,3,37].
Lung volumes may show air trapping based on
increased residual volume. Restrictive abnormalities
(characterized by reduced FVC, FVC, and normal or
increased FEV1/FVCratio) as well as mixed restrictive/
obstructive and normal spirometry have been describ-
ed in cases of constrictive bronchiolitis [26,40].

Spirometry has been found insensitive in
bronchiolitis diagnosis in a number of studies
[26,37,38%,40,41]. Post-9/11 military southwest Asia
and Afghanistan deployers with biopsy-proven
bronchiolitis were more likely to have decreased
diffusion capacity for carbon monoxide and low
predicted maximal oxygen consumption on cardio-
pulmonary exercise testing than abnormal spirom-
etry [27]. The extent to which oxygenation is
impaired from occupational bronchiolitis is vari-
able, probably due variability in extent of affected
small airways.

Chest imaging

Chest radiography in indolent occupational bron-
chiolitis is usually normal or shows nonspecific
hyperinflation and bronchial wall thickening.
High-resolution chest computed tomography
(HRCT) findings of bronchial wall thickening,
tree-in-bud opacities, centrilobular nodules, and
mosaic attenuation are disease hallmarks, though
are often subtle [42,43]. In particular, mosaic atten-
uation has been associated with bronchiolitis oblit-
erans [44,45]. Expiratory imaging is needed to
optimally evaluate for air trapping/mosaicism
[46]. Notably, biopsy-proven bronchiolitis in the
absence of HRCT abnormalities has been described
in multiple studies [26,37,40,47"].

Lung biopsy

Because of the subtle and often patchy histologic
findings of bronchiolitis, transbronchial lung
biopsy is usually inadequate for diagnosis. Video-
assisted thoracoscopic surgical (VATS) lung biopsy
may be indicated in the diagnostic evaluation of
bronchiolitis, especially in the setting of exposed
patients with unexplained respiratory symptoms
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with normal or nondiagnostic physiology and chest
imaging, and when symptoms are disabling, lung
function is declining, and/or treatment has failed
[36,37,38%].

Although surgical lung biopsy may be important
for diagnostic clarity, concerns about risk have
prompted efforts to find less invasive methods for
accurate diagnosis. Transbronchial cryobiopsy is a
new method that yields lung specimens comparable
in size to specimens obtained via VATS biopsy.
Transbronchial cryobiopsy has been used in evalua-
tion of patients with interstitial lung disease and was
helpful in establishing a diagnosis of deployment-
related constrictive bronchiolitis in one case
[48,49"]. Widespread adoption of transbronchial
cryobiopsy has been hindered by higher risks of
bleeding and pneumothorax than traditional bron-
choscopy [50-52]. Furthermore, given limitations
of a transbronchial approach, pleura is not sampled
and respiratory bronchioles may not be adequately
sampled. Further research is needed to assess utility
of transbronchial cryobiopsy in evaluation of
bronchiolitis.

Lung clearance index testing and impulse
oscillometry

There is increasing interest in investigating the util-
ity of the lung clearance index (LCI) and impulse
oscillometry (IOS) as noninvasive markers of small
airways disease [47",53,54"].

LCI testing uses a multiple breath nitrogen
washout technique to assess lung ventilation inho-
mogeneity. Testing begins with tidal breathing of
room air followed by washout until the tracer gas
(nitrogen or sulfur hexafluoride) reaches less than
2.5% of initial concentration. LCI scores are
reported as a mean of two or three trials, with testing
sessions in adults lasting 30-60min [55]. LCI has
been studied as a marker of early small airways
injury in cystic fibrosis. These studies show that
LCI is a sensitive and often superior method to
spirometry in detection of small airways abnormali-
ties [S6-58]. A study of participants with bronchi-
olitis obliterans compared with healthy controls
demonstrated a significant difference in LCI scores
[54"]. In military deployers with small airways dis-
ease, there was higher agreement between abnor-
mally increased LCI score and abnormal lung biopsy
than with rest and exercise lung function testing
[47"]. LCI may have applications in longitudinal
disease monitoring. In one study, LCI scores
obtained 3 years before chest computed tomogra-
phy (CT) scans correlated with presence or absence
of CT abnormalities better than FEV1 [59]. LCl is not
effort dependent [55,60,61]. Its main disadvantages

1528-4050 Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

are that testing requires special equipment and
training and takes longer than spirometry [55].

108, a technique that uses forced oscillations to
measure airways resistance and reactance, has
detected abnormalities suggestive for small airways
disease in WTC-exposed workers; verification of
these findings is needed in larger populations
[53,62]. Like spirometry, IOS is performed quickly
and has the added benefit of effort independence.
Individuals who have difficulty with spirometry
often find IOS easier to perform [63]. IOS is used
clinically but has not been widely adopted as a
clinical test of small airways disease. Further
research on the utility of LCI and 10S is needed to
determine whether these tests improve the diagno-
sis of small airways abnormalities.

Treatment of acute exposure-related lung injury
with systemic corticosteroids is associated with
reduced incidence of later-stage bronchiolitis [64].
There is no known treatment to reverse indolent
occupational bronchiolitis. A few studies, primarily
in cohorts of sulfur mustard-exposed individuals,
examined the therapeutic role of inhaled and sys-
temic steroids, n-acetylcysteine, and macrolides
[3,15]. There is variable evidence of improvement
in lung function with these therapies [65%], and
further research using controlled clinical trials is
needed. The role of immunomodulatory medica-
tions in stabilizing lung function decline in patients
with bronchiolitis remains uncertain. In nine
affected microwave popcorn workers, treatment
with oral corticosteroids in seven and with oral
steroids and cyclophosphamide in two did not
improve lung function [25]. In severe or progressive
cases of bronchiolitis, patients may need treatment
with supplemental oxygen and/or referral for lung
transplantation [3,24].

Prognosis in indolent occupational bronchioli-
tis appears more favorable than the relentless down-
hill course characteristic of posttransplant and
autoimmune bronchiolitis. Among flavoring-
exposed workers, incidence and severity of obstruc-
tive abnormalities is associated with increasing
cumulative exposure to diacetyl and disease progres-
sion to continued exposure [66]. Exposure cessation
typically results in stabilization of lung function
[25,67]. Increased lung disease mortality was found
at a microwave popcorn production facility, mainly
among workers employed before the company
reduced diacetyl exposure [68]. Although less is
known about prognosis in other types of expo-
sure-related bronchiolitis, these findings suggest
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that, for most patients with occupational bronchi-
olitis, exposure removal is essential.

Management of those with workplace exposure
to agents that cause bronchiolitis involves appropri-
ate medical surveillance, including high-quality
lung function testing and plans for diagnostic refer-
ral and exposure removal in those with suspected
bronchiolitis. NIOSH recommends medical surveil-
lance at least every 6 months for diacetyl-exposed
workers [69]. Workplace exposure monitoring
should be coordinated with medical surveillance,
and workers in high-exposure job duties followed
regularly for symptoms and spirometric abnormali-
ties. Control of occupational bronchiolitis requires
both early detection of abnormal spirometry and
regular medical monitoring to detect accelerated
decline in spirometry over time.

Exposure-related bronchiolitis, especially in its
indolent form, is an increasingly important clinical
problem with a spectrum of histopathologic abnor-
malities. A high index of clinical suspicion, early
recognition, accurate diagnosis, and exposure
removal are essential.
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