’.} Check for updates

JIM

doi: 10.1111/joim.13707

Occupational interstitial lung diseases

® Paolo Spagnolo’

, Christopher J. Ryerson?, Sahina Guler?, Johanna Feary*>, Andrew Churg®,

Andrew P. Fontenot’-8, Sara Piciucchi®, Zarir Udwadia'®, Tamera J. Corte''-'2, Wim A. Wuyts'3,

Kerri A. Johannson'# 1% & Vincent Cottin'617

From the ! Respiratory, Disease Unit, Department of Cardiac, Thoracic, Vascular Sciences and Public Health, University of Padova, Padova,
Italy; °Department of Medicine, St. Paul’s Hospital, University of British Columbia and Centre for Heart Lung Innovation, Vancouver,
Canada; 3 Department of Pulmonary Medicine, Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland; * Department of
Occupational and Environmental Medicine, Royal Brompton Hospital, London, UK; ° National Heart and Lung Institute, Imperial College
London, London, UK; ® Department of Pathology, University of British Columbia, Vancouver, British Columbia, Canada; " Department of
Medicine, University of Colorado Anschutz Medical Campus Aurora, Aurora, Colorado, USA;  Department of Immunology and Microbiology,
University of Colorado Anschutz Medical Campus Aurora, Aurora, Colorado, USA; ?Department of Radiology, G.B. Morgagni

Hospital/ University of Bologna, Forli, Italy; '°Hinduja Hospital and Research Center, Breach Candy Hospital, Mumbai, Maharashtra, India;
1 NHMRC Centre of Research Excellence in Pulmonary Fibrosis, Camperdown, New South Wales, Australia; '°> Department of Respiratory
Medicine, Royal Prince Alfred Hospital, Sydney, New South Wales, Australia; 13 Unit for Interstitial Lung Diseases, University of Leuven,
Leuven, Belgium; ' Department of Medicine, University of Calgary, Calgary, Alberta, Canada; '° Department of Community Health Sciences,
University of Calgary, Calgary, Alberta, Canada; ' Department of Respiratory Medicine, National Reference Coordinating Centre for Rare
Pulmonary Diseases, Louis Pradel Hospital, Hospices Civils de Lyon, Lyon, France; and 17Université de Lyon, Université Claude Bernard

Lyon 1, UMR754, IVPC, Lyon, France

Abstract. Spagnolo P, Ryerson CJ, Guler S, Feary J,
Churg A, Fontenot AP, et al. Occupational inter-
stitial lung diseases. J Intern Med. 2023;294:798—
815.

Millions of workers are exposed to substances
known to cause occupational interstitial lung dis-
eases (ILDs), particularly in developing countries.
However, the burden of the disease is likely to be
underestimated due to under-recognition, under-
reporting or both. The diagnosis of occupational
ILD requires a high level of suspicion and a thor-
ough occupational history, as occupational and
non-occupational ILDs may be clinically, function-
ally and radiologically indistinguishable, leading to
delayed diagnosis and inappropriate management.
A potential occupational aetiology should always
be considered in the differential diagnosis of ILD,

as removal from the workplace exposure, with or
without treatment, is a key therapeutic interven-
tion and may lead to significant improvement. In
this article, we provide an overview of the ‘tradi-
tional’ inorganic dust-related ILDs but also address
idiopathic pulmonary fibrosis and the immunologi-
cally mediated chronic beryllium disease, sarcoido-
sis and hypersensitivity pneumonitis, with empha-
sis on the importance of surveillance and preven-
tion for reducing the burden of these conditions.
To this end, health-care professionals should be
specifically trained about the importance of occu-
pational exposures as a potential cause of ILD.

Keywords: asbestosis, hypersensitivity pneumonitis,
idiopathic pulmonary fibrosis, interstitial lung dis-
ease, occupational exposure, pneumoconiosis, sil-
icosis

Introduction

Interstitial lung disease (ILD) is a large and highly
heterogeneous group of conditions characterized
by various degrees of inflammation and fibrosis of
the lung parenchyma [1]. Epidemiological studies
report that occupational ILDs, defined as poten-
tially reversible diseases that result from occupa-
tional exposure to dust, fumes, smoke and bio-
logical agents, account for 10%-20% of all ILD
cases [2]. Common examples of occupational ILDs
include the pneumoconioses caused by exposure

to crystalline silica (silicosis), asbestos (asbestosis)
and coal dust (coal worker’s pneumoconiosis; CWP)
[3], although the list of occupational exposures that
may cause ILD continues to grow, emphasizing the
need for ongoing vigilance and effective preventive
measures.

Although millions of workers are exposed to sub-
stances known to cause occupational ILD, the
disease burden is likely underappreciated due to
under-recognition, under-reporting and difficulties
in attributing causation, particularly for exposures
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that are only rarely associated with ILD. In addi-
tion, assigning a specific occupational cause of ILD
may be limited to cases awarded compensation
that typically requires fulfilment of strict and spe-
cific legal and medical criteria. Varied latency peri-
ods contribute to an underestimation of the true
disease prevalence and delayed or improper patient
management.

The purpose of this article is to review the clinical
approach to occupational ILDs and discuss possi-
ble avenues for early recognition and prevention.
While focusing on the ‘traditional’ inorganic dust-
related diseases, we also address idiopathic pul-
monary fibrosis (IPF), the immunologically medi-
ated chronic beryllium disease (CBD), sarcoidosis
and hypersensitivity pneumonitis (HP) as well as
selected conditions secondary to non-conventional
or recently described exposures. ILDs that occur
secondary to exposures in non-occupational set-
tings are not included in the present article.

Epidemiology and defining features

The available epidemiological data on occupational
ILDs are limited and frequently biased due to lack
of standardized diagnostic criteria, limitations of
available data sources (e.g. death certificates), and
wide variation of regional practices in surveillance
of exposed individuals and compensation rules
(Table 1) [16]. The long latency period for some
causative agents and potential confounding expo-
sures (e.g. smoking) can challenge further causal
assumptions. Some exposures (e.g. asbestos) may
not be limited to the workplace, and disease can
occur through other means [17]. Overall, the true
incidence of occupational ILDs is likely underes-
timated particularly in low- and middle-income
countries where reporting systems may be poor,
control of workplace exposure less likely to be rig-
orous, and claims for recognition as work-related
disease infrequent. The incidence and prevalence
of occupational ILD ranged from 1.6% of all ILDs in
an Australian and New Zealand registry to 10.4%
based on a county chart review in New Mexico, with
this large variability likely driven by variable local
exposures [4, 18].

Pneumoconioses

Asbestos, silica and coal are the most com-
mon causative dusts inducing pneumoconiosis,
whereas diseases caused by beryllium and hard
metals are much less common. The Global Bur-
den of Disease study identified more than 60,000

incident cases of pneumoconiosis in 2017; 39% of
those were silicosis, 25% CWP and 16% asbestosis
[10]. Pneumoconioses, though initially described
in countries with a high sociodemographic index
(SDI), are now seen mostly in developing countries
and low SDI regions. In India, over 3 million work-
ers are exposed to silica dust, with 8.5 million more
working in construction [19, 20]. Another study
from India found that the prevalence of radiologi-
cal silicosis and progressive massive fibrosis (PMF)
was 52% and 7.5%, respectively, among the 529
sandstone mineworkers screened [15]. In a Turkish
study, 153 young denim sandblasters reported fre-
quent symptoms, including dyspnea (52%), chest
pain (46%) and chronic cough (19%). Based on
chest X-rays, 77 (53%) were diagnosed with sili-
cosis, with those diagnosed having a longer expo-
sure duration and lower lung volumes compared to
their counterparts [14]. The incidence of CWP has
been declining in many regions of the world but
is still increasing in some African regions, South-
east Asia and Oceania [10]. Similarly, cases of
rapidly progressive CWP continue to occur among
coal miners [21]. In the long term, the incidence of
asbestosis is also anticipated to decrease in coun-
tries where asbestos is no longer used for con-
struction and manufacturing. However, due to the
long latency period between exposure and disease,
most regions will continue to report a large num-
ber of new cases before a drop in incidence can be
expected [10].

Over the last two decades, reports from various
countries around the world have suggested a
concerning increase in silicosis caused by manu-
facturing and processing of artificial stone, which
is largely used for the production of kitchen or
bathroom countertops [22]. Artificial stone is com-
posed of more than 90% quartz combined with
polymer resins and pigments, which are then heat
cured. Cutting of artificial stone produces partic-
ularly high levels of respirable crystalline silica
dusts. Compared to silicosis developed in tradi-
tional silica exposure settings, this form of disease
affects younger workers following shorter latency
periods — due to either the higher intensity of
exposure or increased toxicity of the dust, or both
— and rapid progression to advanced lung disease
[23-25]. In a recent study from the Bay of Cadiz
(southern Spain), one third of patients with artifi-
cial stone silicosis progressed from simple silicosis
to PMF after a mean of only 4 years of follow-up and
despite being removed from continued exposure
[26]. The true incidence and prevalence of this new
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Table 1. Selected studies reporting the prevalence or incidence of occupational interstitial lung diseases (ILDs).

Study (first author,

publication year) Disease

Time frame

Region

Incidence
(/100,000/year)

Population based studies

Coultas, 1994 [4] Occupational and
environmental
ILD

McDonald, 2005 [5] Pneumoconiosis

Barber, 2017 [6]
Fenclova, 2009 [7]
Death certificates
Rosenman, 2003 [8]

Occupational HP
Occupational HP

Silicosis

Carder, 2017 [9]

Carder, 2017[9] Asbestosis
Global burden of disease analyses, ASIR/100,000/year

All pneumoconiosis

Shi, 2020 [10] Pneumoconiosis
Silicosis
Asbestosis
CWP
Pneumoconiosis

Li, 2022 [11]

Wang, 2021 [12] CWP

Proportion of silicosis among screened workforce
Tjoe, 2003 [13] Quartz dust
exposed
Akgun, 2008 [14] Denim sand
blasters
Nandi, 2021 [15] Sandstone mine

workers

1988-1990 New Mexico, I: Men: 6.2
United States Women: 0.8
P: Men:
20.6/100,000
Women:
0.6/100,000
1992-2001 United Kingdom I: 0.6-1
1996-2015 United Kingdom 1: 0.14
1992-2005 Czech Republic I: 0-0.2
1987-1996 Michigan state I: 3600-7300/year
in the United
States
1996-2014 United Kingdom I: 1.9
1996-2014 United Kingdom I: 1.3
2017 Overall 0.75
Men 1.45
Women 0.15
1: 0.3
I: 0.12
1: 0.19
East Asia I: 1.66
Oceania I: 1.45
North America I: 0.62
Western Europe 1: 0.14
2019 China 1. 6.7
2019 Global 1: 0.09
1998 The Netherlands P: 10.2%
19912006 Turkey P: 53%
NA India P: 52%

Abbreviations: ASIR, age-standardized incidence rate; CWP, coal worker’s pneumoconiosis; HP, hypersensitivity pneu-
monitis; I, incidence; ILD, interstitial lung disease; P, prevalence.

form of silicosis remain unknown but are likely to
continue to rise if practices are not changed. In this
regard, ventilation systems and wet blade cutting
methods are effective measures to reduce dust gen-
eration when working on artificial stone [27]. CWP
(or ‘coal pneumoconiosis’) is caused by long-term
(typically over >20 years) inhalation of dust from

high-carbon coal

(anthracite and bituminous)

and rarely graphite. Many cases will arise from
co-exposures and radiologically have features of
other diseases (e.g. silicosis in coal miners) [30].
Although pure coal pneumoconiosis is increasingly
uncommon, severe and rapidly progressive cases
of the disease continue to occur. Notably, affected
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miners are significantly younger than other miners
with CWP, implicating recent mining conditions
[21].

An estimated 21,500 people died from pneumoco-
niosis in 2016 [28], and over 12,900 deaths were
due to silicosis in 2019 [29]. With its large work-
force, China is particularly impacted by pneumo-
coniosis, accounting for 44% of deaths globally [1].
Reassuringly, there seems to be an overall drop in
mortality rates, although stagnant and increasing
mortality rates are still reported in women and in
low- and middle-income countries [29].

Chronic beryllium disease

Beryllium is utilized in the aerospace, ceram-
ics, electronics and defence industries, and CBD
occurs in 2%-16% of exposed workers [31, 32].
Exposure to beryllium remains a major public
health concern, with an estimated 800,000 indi-
viduals currently at risk for developing beryllium
sensitization (BeS) or CBD [31, 33]. In addition to
workers directly exposed to beryllium, many more
are likely to be exposed indirectly [34]. The disease
is characterized by an accumulation in the lung of
activated CD4+ T cells that respond to beryllium as
an ‘antigen’ in an MHC class II-dependent manner
[35-37]. Genetic susceptibility to CBD is strongly
linked to HLA-DPBI alleles possessing a glutamic
acid at the 69th position of the B-chain (BGlu69)
[38, 39].

Cobalt-induced hard metal disease

Other metals, including aluminium, cobalt, tita-
nium and zirconium, are associated with granulo-
matous lung disease. Cobalt-induced hard metal
disease (also referred to as giant cell intersti-
tial pneumonitis) has a strong association with
BGlu69-containing HLA-DP alleles, similar to CBD
[40]. The latency period between exposure and
clinically overt disease ranges from months to
years, with the development of cough and dyspnea
heralding the onset of ILD.

Hypersensitivity pneumonitis

Occupational HP is estimated to account for one
fifth of all HP cases [2]. The epidemiology of the
disease has been investigated most frequently in
farmers, with varying incidence being observed
depending on agricultural practices and climate
conditions. A high prevalence has been reported
in mountain areas and countries with a cold and

humid climate [41, 42]. However, with the indus-
trialization of many farming practices and appli-
cation of preventive measures, the incidence may
be falling [43]. Modern occupational HP is the
most frequently reported in industrial environ-
ments, where solvents, chemicals and metalwork-
ing fluids are the main inciting agents [44]. Occu-
pational HP may also occur in workplace outbreaks
where multiple workers are affected [45, 46]. For
instance, industrial machine-manufacturing work-
ers may be exposed to metalworking fluids, which
are heavily colonized by bacteria, such as Pseu-
domonas pseudoalcaligenes and Curtobacterium,
although the metalworking fluid bacterial micro-
biome is likely to be far more complex [47]. The
annual incidence of occupational HP in the United
Kingdom is estimated at 1-2 cases per million, with
metalworking fluids, farming and chemicals being
the most frequent causative exposures [6]. Earlier
reports from the Czech Republic showed similarly
low incidences [7]. A US-based study reported the
1-year HP prevalence ranging from 1.67 to 2.71 per
100,000 persons, with a l-year cumulative inci-
dence of 1.28-1.94 per 100,000 among an insured
population between 2004 and 2013 [48]. When
occupational HP is suspected, industrial hygiene
assessment or consultation with occupational res-
piratory specialists should be sought, given the
frequent under-recognition of occupational HP by
non-occupational specialists [49].

Sarcoidosis

Sarcoidosis is a systemic disorder characterized
by the presence of granulomatous inflammation
in affected organs. Disease pathogenesis remains
poorly understood but is likely to involve a com-
plex interplay between a triggering antigen (or,
most likely, antigens) and the host genetic back-
ground leading to an exuberant immune response
[50]. Although commonly referred to as a disease
of ‘unknown cause’, epidemiological studies have
revealed significant associations between multiple
occupational exposures and increased risk for sar-
coidosis [51, 52]. Using data from seven studies,
Blanc et al. estimated that the contribution of occu-
pational exposures to the burden of sarcoidosis
was 30% (95% CI, 17-45) [2]. The a case control
etiologic study of sarcoidosis study that recruited
706 patients newly diagnosed with sarcoidosis and
706 age-, race- and sex-matched controls found
positive associations between sarcoidosis and agri-
cultural employment (odds ratio [OR] 1.46), expo-
sures to insecticides at work (OR 1.52) and work
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environments with mould/mildew (OR 1.61) [53].
Further analysis of the same dataset revealed that
workers for suppliers of building materials, hard-
ware and gardening materials were also at higher
risk of sarcoidosis [54]. In addition, firefighters
exposed to World Trade Center ‘dust’ from con-
struction and furnishing materials were found to
be at significantly increased risk of developing sar-
coidosis within the first 4 years after exposure
[55], although it is difficult to identify the causative
compound/s due to heterogeneity of the exposure.
More recently, Beijer et al. found immunoreactivity
to silica and metals (i.e. aluminium, zirconium and
beryllium) in 21.2% of patients with sarcoidosis
and 0% of controls, further supporting the hypoth-
esis that these antigens may be pathogenetic in a
significant minority of sarcoidosis patients [56].

IPF and other ILD subtypes

Occupational exposures are risk factors for sev-
eral fibrotic ILDs, including those considered idio-
pathic such as IPF and other idiopathic interstitial
pneumonias [57]. Indeed, although these entities
are by definition of unknown aetiology, established
mechanisms of lung injury support the hypoth-
esis that inhaled exposures might contribute to
disease pathogenesis and progression. However,
while inferring causality in patients who develop
an acute disease immediately after a high-intensity
exposure is usually straightforward, determining
the likelihood that any given exposure is causative
is difficult when chronic low-level exposures occur
over many months to years or if multiple expo-
sures co-occur, particularly in the absence of a
histological confirmation of the diagnosis. In such
cases, the best approach remains suspecting the
possibility of an exposure-related ILD and tak-
ing a thorough exposure history (e.g. exposure to
agents known to cause ILD, cluster of disease in
co-workers or age younger than expected).

Over the last two decades, several case—control
studies have investigated the association between
occupational exposures and IPF. In the largest
meta-analysis to date, pooled findings from 11
cohort and case—control studies reported the fol-
lowing population attributable fractions: silica 3%,
wood dusts 4%, metal dusts or fumes 8% and
vapours, gases, dusts and fumes 26%, indicating
that a quarter of IPF cases are attributable to
occupational exposures [2]. A recent Australian
study used a population-based control group to
estimate the risk of IPF diagnosis by occupational

exposures [58]. Respirable (smaller than 10 pum)
dust (OR 1.38) and asbestos (OR 1.57) were inde-
pendently associated with increased risk of IPF.
Similarly, a case—control study in Italy found that
people with self-reported history of exposure to
metal dust, metal fumes or organic dust were at
higher risk of developing IPF, with longer exposure
time conferring an increased risk of disease [59].
More recently, Park et al. performed a systematic
review and meta-analysis of eight case-control
studies including 3502 patients [57]. They con-
firmed that exposure to metal (OR 1.83) and wood
dust (OR 1.62), pesticide (OR 2.07) and history of
farming or agriculture work (OR 1.88) increased
the risk of IPF.

For ILDs overall, registry-based studies show that
inhaled exposures, including occupational, home
and hobbies, are highly prevalent across ILD sub-
types, including IPF, connective tissue disease-
associated ILD (CTD-ILD) and unclassifiable ILD.
Data from two distinct cohorts identified poten-
tially relevant exposures, including avocational
and para-occupational exposures, in 65% and 62%
of all ILD cases, with higher exposure prevalence
in men compared to women, although the contri-
bution of inhalation exposure to disease develop-
ment or progression could not be established con-
clusively in all cases [60-65].

Silica exposure is an established risk factor for
autoimmune conditions including systemic scle-
rosis [63-65] but little is known about its rela-
tionship with other CTD-associated ILD [66]. In
a longitudinal familial pulmonary fibrosis cohort,
development of interstitial lung abnormalities was
independently associated with self-reported occu-
pational or environmental exposures to aluminium
smelting, lead, birds and mould [67]. Occupational
rock dust in this cohort was further identified as a
risk factor for radiologic honeycombing [68].

Diagnostic approach to patients with suspected
occupational ILD

Initial assessment

The possibility of an occupational aetiology should
always be considered in the initial assessment
of patients with ILD as occupational and idio-
pathic ILDs may be clinically indistinguishable,
and ‘occult’ exogenous causes are easily missed
unless an extensive occupational/environmental
history is taken. Exposure history should include
but is not limited to, job role and details of what
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activities are undertaken, an estimate of relevant
exposures including duration and dose (where
possible), latency and disease course. Question-
naires are commonly used in health surveillance
programmes and may provide useful information
about current or previous exposures. Standardized
health questionnaires exist to identify respiratory
symptoms suggestive of occupational disease [69,
70], but none is specific to ILD.

A multidisciplinary approach that includes pul-
monologists, radiologists, pathologists, occupa-
tional medicine specialists and industrial hygien-
ists, where available, should be pursued. Indus-
trial hygienists and occupational physicians have
a key role in preventing occupational ILD (and
occupational lung diseases in general). As part
of a team, these specialists are trained to recog-
nize, evaluate and control environmental health
hazards in the workplace. In this regard, the
UK Health and Safety Executive’s ‘Dustbuster’
is designed to assess compliance with workplace
health regulations and the control measures in
place to protect workers’ health, with a focus
on preventing occupational lung diseases, espe-
cially those caused by construction dust and other
hazardous substances (https://www.hse.gov.uk/
lung-disease/help.htm). Carlier et al. have recently
reported that the integration of a specialized occu-
pational consultation in the multidisciplinary eval-
uation of patients with ILD resulted in a change
in diagnosis in 12.8% (18/141) of cases, with
15.6% of patients (22/1141) being eligible to claim
compensation for an occupational disease [71]. A
diagnosis of occupational ILD carries legal conse-
quences; indeed, once the occupational origin of
the disease has been confirmed, patients can claim
compensation. This is the case, for instance, of
patients initially diagnosed with IPF who are even-
tually reclassified as asbestosis following multidis-
ciplinary evaluation.

Tools for detecting occupational exposures

Several tools are available for exposure identifica-
tion in patients with suspected or confirmed occu-
pational ILD, but there is limited evidence guid-
ing their application in clinical practice. A com-
prehensive patient history supplemented by val-
idated relevant questionnaires to identify poten-
tial exposures is an essential part of the clinical
assessment. Clinical improvement following anti-
gen avoidance may inform about the causative
exposure in HP. Environmental assessment by

occupational specialists and/or industrial hygien-
ists may identify otherwise unrecognized expo-
sures and antigens. Occupational environmen-
tal sampling may be informative, but these tools
are not standardized. In HP, positive serum-
specific immunoglobulin testing indicates expo-
sure but does not prove causality, and negative
test results do not exclude specific antigens as
potential causes. Specific inhalational challenge
and lymphocyte proliferation testing provide infor-
mation on immunologic sensitization but do not
establish causality. Overall, a multidisciplinary
approach integrating clinical history, question-
naires, environmental assessment and sampling,
and in selected cases, immunologic testing, pro-
vides the most comprehensive approach to expo-
sure evaluation in patients with suspected occu-
pational ILD [72, 73].

Clinical features

Occupational ILDs affect workers of both genders
and all ethnicities, although they are more com-
mon in men due to historical working practices.
The latency is variable; for many ILDs such as
the pneumoconioses, it can be several years but
for HP, CBD and hard metal disease, it can be
much shorter. Similarly, acute and accelerated sil-
icosis and ILD secondary to inhalation of fumes
and toxic gases may have a short latency. Simi-
lar to idiopathic ILD, dyspnoea and cough are the
most frequent presenting symptoms but wheezing
and chest tightness may also occur. Patients with
HP may present with chronological symptoms with
onset after job or specific task initiation. Symp-
toms may progress over time and may demonstrate
temporal variation with improvement on weekends,
holidays, or when working in different areas. Lung
auscultation is often normal and generally non-
specific but may reveal end-inspiratory squeaks in
patients with bronchiolitis, inspiratory crackles in
advanced stages of fibrosis or wheezing in large
airways obstruction. Pulmonary function tests are
an essential component in the initial assessment
of patients with occupational ILD but are simi-
larly nonspecific, as they may reveal a restrictive,
obstructive or mixed ventilatory defect.

Diagnostic features

The diagnosis of occupational ILD is generally
made based on a combination of compatible occu-
pational exposure history and chest imaging, and
the exclusion of other conditions that may mimic
occupational ILD (Fig. 1). Despite its low sensitivity
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Patient suspected of having an occupational ILD

Documented exposure to an agentknown to cause ILD,
chestXR abnormalities consistentwith ILD + clinical
symptoms/physical findings + restrictive ventilatory defect

‘ Alternative diagnoses excluded

[vo ]

Confirmation of specific diagnosis
(e.g., TB, infection)

NO
Additional tests, as

appropriate

YES

| Multidisciplinary discussion |

[ Alternative diagnosis |
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| Occupational ILD |

Atypicall/inconclusive
features

Consider additional work-up
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Fig. 1 Diagnostic algorithm for occupational interstitial lung diseases.

for detecting early disease [74], chest radiograph
remains a widely used imaging test for screen-
ing of occupational ILDs and for making a diagno-
sis, particularly in low-income countries. Chest CT
has higher sensitivity for early disease and greater
accuracy in defining disease pattern than chest
radiograph (Table 2) and represents a pivotal tool
in the diagnosis of occupational ILD [75].

The inhalation of inorganic particles may induce
variable degrees of epithelial injury, and fibro-
genic and hypersensitivity reactions, leading to
pleomorphic and rarely specific CT abnormalities
(Table 2). Radiographic features of asbestosis are
nonspecific and may be indistinguishable from
those of IPF (Fig. 2, Panels A,B); therefore, imaging
should always be interpreted according to the

exposure history. Asbestosis also shares several
histopathological features with IPF [76, 77] (Fig. 2,
Panels C,D), with mineralogical studies supporting
the concept of asbestosis-IPF misclassification
by revealing high fibre burdens in the lung tis-
sue of patients initially diagnosed with IPF’ and
revision of the diagnosis to ‘asbestosis’ [78]. The
diagnosis of asbestosis requires the presence of
interstitial fibrosis coupled with the identification
of >2 asbestos bodies/cm? counted on 5-um thick
iron-stained sections [79]|, which correspond to
approximately 2000 asbestos bodies/g of dry lung.
However, a confirmatory lung biopsy is rarely
needed, and claims are generally made based on
compatible clinical-radiological presentation and
history of asbestos exposure [80-82]. Notably,
marked differences exist in the propensity of
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Table 2. Common radiological patterns observed in occupational interstitial lung disease (ILD).

Pattern of radiological presentation

Occupational diseases

Alveolar pattern

Interstitial /variable degree of fibrosis

Nodular pattern

Airways diseases

Sarcoid-like reaction

3.

4.

Acute silicosis

Indium-related ILD

Asbestosis

Dust/chemical-related diffuse fibrosis

Nodular silicosis
Pulmonary massive fibrosis
Talcosis

Coal workers pneumoconiosis

Large airways

L

2

Occupational asthma

Byssinosis

Small airways/centrilobular

1.

2

8.

Early asbestosis

Siderosis

Hot-tub

Coal worker disease
Flavour workers disease
Nylon-flock workers disease

Giant cell interstitial pneumonia (hard metal disease)

Chronic beryllium disease

World Trade Center Lung

different asbestos fibre types to cause asbestosis,
with commercial amphibole (amosite and croci-
dolite) being two or three orders of magnitude
more potent than chrysotile. It is estimated that,
compared to the levels of exposure required to
cause pleural plaques, those required for asbesto-
sis to occur are approximately 2.5-fold higher for
chrysotile and 10-fold higher for amosite [79, 83].

A high level of exposure may cause alveolar pro-
teinosis, which manifests as ‘crazy paving’ and
ground glass opacities, as in acute silicosis (Fig. 3,
Panels A,B), or Indium-induced ILD [84, 85].

Non-fibrotic HP may also manifest acutely follow-
ing exposure to antigens to which the individual
is sensitized and hyper-responsive [86]. Long-
term, cumulative exposure may be associated
with ground glass opacities, subpleural lines and
traction bronchiectasis, sometimes with coexisting
honeycombing, as in asbestosis or in dust-related
diffuse fibrosis (Fig. 4, Panels A,B) [87]. Silica-
or silicate-induced diseases can manifest with
a nodular pattern, ranging from simple silico-
sis to PMF, depending on the size of nodules
(below or above 1 cm, respectively) (Fig. 3, Pan-
els C,D). Inhalation of ketone butter flavouring
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Fig. 2 Panel a: Asbestosis. CT image showing peripheral reticulation and pleural thickening; centrilobular dots may be seen
in early disease. Panel b: Asbestosis. Pleural plaques are frequently used to support a diagnosis of asbestosis (although
pleural plaques are not asbestosis) given the nonspecific parenchymal findings. Panel c: Asbestosis. Fibrosis spreading in
the interstitium around respiratory bronchioles (arrows), correlating with the radiologic finding of centrilobular dots in early
asbestosis. Note asbestos body in the inset. Panel d: Asbestosis. Fibrosis spreads from bronchiole to bronchiole (asterisks)
and can eventually be difficult to separate from the usual interstitial pneumonia (UIP) pattern of idiopathic pulmonary
fibrosis (IPF), given the patchy distribution of the disease; however, asbestosis has less frequent honeycombing, involves

the bronchioles and has only rare fibroblast foci.

diacetyl (as in food-flavouring workers, i.e. ‘pop-
corn worker’s lung’) [88] or sulphur mustard (gas)
(as in the US military exposed during the Iran-Iraq
War) [89] may result in constrictive bronchiolitis,
which is characterized pathologically by subepithe-
lial scarring leading to narrowing of the airway, and
radiologically (i.e. CT) by mosaic attenuation/air
trapping and centrilobular nodules [90]. Typically,
constrictive bronchiolitis causes expiratory flow
limitation. Similarly, nylon flock workers’ disease
is characterized pathologically by lymphocytic
bronchiolitis and, on CT, by patchy ground glass
opacities, consolidation and diffuse centrilobular
micronodules [91, 92].

Exposure to beryllium can cause BeS, which is
diagnosed by the demonstration of a beryllium-
induced immune response via the beryllium lym-
phocyte proliferation test (BeLPT) [93]. BeS is the

immunological precursor to CBD, with a rate of
progression from BeS to CBD of 6%-8% per year
after initial diagnosis [94]. As the BeLPT does not
differentiate between CBD and BeS [95], a defi-
nite diagnosis of CBD requires evidence of non-
caseating granulomatous inflammation in lung tis-
sue (Fig. 5, Panels A-D).

Bronchoalveolar lavage (BAL) plays an important
role in the diagnostic workup of patients with
ILD, including occupational ILD, particularly when
used in conjunction with clinical and CT data, thus
reducing the need for more invasive procedures
[96]. Electron microscopy (EM) can quantify min-
eral fibres and particles in BAL (as well as in lung
tissue) and is also able to detect detailed elements
via X-ray analytical EM [97]. In addition, with
regard to the detection of asbestos fibres, EM using
BAL has a similar sensitivity as light microscopy
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Fig. 3 Panel a: Silicoproteinosis. HRCT image from a 51-year-old sandblaster showing extensive bilateral ground glass
opacities and superimposed polygonal lines representing interlobular septal thickening (crazy paving pattern). Image cour-
tesy Dr Nestor Muller. Panel b: Silicoproteinosis. Alveolar filling with eosinophilic proteinaceous material consisting of phos-
pholipids or surfactant (asterisks). Mild interstitial thickening by inflammatory cell infiltration can also be seen (arrows).
Panel c: Chronic simple silicosis. HRCT image from a 50-year-old man showing innumerable well-defined centrilobular nod-
ules throughout the upper lobes. The nodules are most profuse in the posterior regions of the lungs, a common finding in
silicosis. Image courtesy Dr Nestor Muller. Panel D: Chronic simple silicosis. Lung biopsy specimen from a contemporary
US underground coal miner showing multiple silicotic nodules (arrows). Typically, the central part of the nodule is com-
posed of concentric layers of collagen, whereas the peripheral zone is less organized and contains lymphocytes, dust-laden
macrophages and loosely formed collagen. Note also the absence of visible black coal dust.

using lung tissue [98]. BAL in combination with
transbronchial forceps biopsies can also be use-
ful in the evaluation of exposure-related granu-
lomatous lung disease such as CBD, sarcoido-
sis and non-fibrotic HP. Transbronchial lung cry-
obiopsy provides pathologists with larger samples
of lung tissue compared to conventional forceps
biopsies thus serving as an alternative to surgical
lung biopsy in certain scenarios [99]. When diag-
nostic uncertainty persists, surgical lung biopsy
may be required to confirm the diagnosis given
the potential preventative, therapeutic, prognostic
and legal implications of a diagnosis of occupa-
tional ILD. In such cases, a thorough review of the
lung specimen by an expert pathologist looking for
clues to exposures—of which the patient may not

be aware, or may have forgotten, given the long
latency of some exposure-related disease—by light
microscopy, polarized light microscopy or EM, as
appropriate, is of outmost importance (Table 3).

Management

Management of occupational ILD is focused
primarily on prevention, through controlling haz-
ardous exposures in the workplace with adequate
ventilation and personal protective equipment.
Medical monitoring of exposed workers with effec-
tive screening programs is essential. Patients diag-
nosed with occupational ILD should be removed
from further exposure, although whether this
leads to any reduction in the rate of progression
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Fig. 4 Panel a: Fibrotic hypersensitivity pneumonitis. A 59-year-old man with chronic occupational exposure to isocyanate
compounds. High-resolution CT image shows extensive ground glass opacities, bilateral reticulation and areas of mosaic
attenuation. Panel b: Fibrotic hypersensitivity pneumonitis. Surgical lung biopsy showing prominent centrilobular fibrosis
(asterisks) with relative subpleural sparing. Inset: a small non-caseating granuloma.

~N v

Fig. 5 Chronic beryllium disease. A 70-year-old male, with a history of beryllium exposure due to hobby handicraft. CT
scan shows an upper lobe-predominant micronodular pattern (Panels a), associated with areas of mosaic attenuation and
lobular sparing in the lower lobes (Panel b). Transbronchial lung cryobiopsy revealed sarcoid-like granulomas in the alve-
olar interstitium (Panel c; arrows) and granulomas with a centrilobular distribution (Panel d; arrows). These findings are
compatible with chronic beryllium disease.
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Table 3. Distinguishing features of silicosis, chronic beryllium disease and sarcoidosis.

Silicosis Chronic beryllium disease Sarcoidosis
Occupational Exposure to silica Exposure to beryllium metal  Exposure to foreign antigens and
exposure or metal oxide inorganic particulates
increases sarcoidosis risk
Clinical Dyspnoea, cough, chest pain, Dyspnoea, cough, fatigue, Multiple pulmonary and
presentation fatigue, weight loss fever, weight loss extrapulmonary manifestations
Radiological Centrilobular nodules, Upper lobe-predominant Upper lobe-predominant
features interlobular septal thickening, micronodules with a perilymphatic micronodules
large consolidations, ‘eggshell’ perilymphatic distribution, bilateral hilar and mediastinal
calcifications of lymph nodes, architectural distortion in lymphadenopathy,
architectural distortions, PMF fibrotic cases architectural distortion in
fibrotic cases
Pathological Silicotic nodules Noncaseating granulomas in  Noncaseating granulomas in the
features the lung lung, lymph nodes and/or
other affected organs
Management Primarily avoidance of exposure Primarily avoidance of Steroid /immunomodulatory

exposure treatment when required

Abbreviation: PMF, progressive massive fibrosis.

of the disease is not definitely known. Health-
care professionals should have an informed and
balanced discussion with the patient about the
risks to their health of continuing exposure
versus the socio-economic impact of changing
their job or ceasing work. All workers should
be advised to refrain from cigarette smoking
given its potential pathogenic synergy. Additional
cornerstones of disease management include treat-
ment of comorbidities, pulmonary rehabilitation,
supportive care (e.g. supplemental oxygen) and,
in advanced or rapidly progressive cases, lung
transplantation [100]. Appropriate advice about
compensation schemes and legal aspects, which
will vary between countries, should also be pur-
sued. Systemic glucocorticoids are the first-line
treatment for sarcoidosis [101] and may be effi-
cacious in HP and CBD but are rarely used for
other pneumoconioses. Tumour necrosis factor-
o antagonists (i.e. infliximab or adalimumab)
may be indicated in sarcoidosis patients with
persistently active/progressive disease despite
immunosuppressive therapy [102]. Bronchodila-
tors and inhaled glucocorticoids may be used in
the presence of coexisting airway disease. The
utility of immunosuppressive medications (e.g.
mycophenolate mofetil) is unproven, although
they may be considered on a case-by-case basis
for patients with the suggestion of active inflam-
mation [103]. Whole lung-lavage may be effica-
cious in acute silicoproteinosis unresponsive to

broad-spectrum antibiotics and steroid treatment
[104].

Nintedanib is approved for the treatment of non-
IPF fibrotic ILDs that progress despite standard
management [105] based on data from a random-
ized placebo-controlled trial in 663 patients with
progressive fibrosing ILD, including 39 patients
with ‘exposure-related ILDs’ (21 randomized to
nintedanib and 18 randomized to placebo) [106].
Subgroup analysis by ILD diagnosis showed that
nintedanib reduces significantly the annual rate
of decline in forced vital capacity in patients
with exposure-related ILDs, with a difference of
252.8 mL/year (95% CI 79.2, 426.5) compared to
placebo [107]. Conversely, the role of pirfenidone
in the treatment of patients with occupational pro-
gressive pneumoconiosis remains to be elucidated
[108, 109].

Co-morbidities

The risk for tuberculosis is up to 20-fold higher in
silica-exposed individuals compared to those not
exposed [110]. This combination (often referred
to as silico-tuberculosis) may be refractory to
standard therapy, thus requiring specific exper-
tise to guide prolonged multi-drug treatment.
Silica exposure might further increase the risk for
lung cancer [111] and is associated with CTDs
[112]. Asbestos exposure is associated with a high
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incidence of lung cancer and pleural mesothe-
lioma [113], with mesothelioma also potentially
originating from peritoneal serosal membranes
[114], as well as colon and laryngeal cancer [114].
Given the risk of ILD exacerbation or progression
due to infection, appropriate immunization and
aggressive treatment of respiratory infections are
recommended [75]. CWP might be associated with
an increased occurrence of immune-mediated
diseases such as rheumatoid arthritis (Caplan
syndrome) [75, 115]. Other general principles
of ILD management apply also to patients with
occupational ILD (e.g. pulmonary rehabilitation,
oxygen and lung transplantation) [116].

Economic burden of occupational ILDs

The economic burden of occupational ILDs in
terms of disability, workers’ compensation, health
expenditures and lost revenue is difficult to esti-
mate, and very few studies have addressed the
problem. This is particularly true for occupa-
tional ILDs caused by novel/non-conventional
exposures. Moreover, physicians unfamiliar with
occupational lung disease may fail to elicit a thor-
ough exposure history, thus missing valuable data.
Accordingly, the data that do exist (e.g. disabil-
ity statistics, death certificates and hospitaliza-
tion admission diagnoses) may not be accurate or
complete [117], and the true burden of exposure-
related lung disease is likely to be significantly
underestimated. In 2004, in the United States only,
estimates of cost for occupational diseases, includ-
ing respiratory illnesses, exceed $26 billion annu-
ally, but the true economic burden is likely to be
much higher [118].

Disease prevention

The greatest risk factor for occupational ILD is
repeated respiratory exposure to a hazardous
agent, indicating the importance and potential
benefit of preventative strategies. Disease preven-
tion requires a comprehensive strategy, including
environmental monitoring of workplace hazards
(often undertaken by occupational or indus-
trial hygienists), health surveillance, education
of employers and workforce, implementation of
behavioural changes and workplace practices,
research and regulation. Most high- and medium-
income countries have legal frameworks and agen-
cies that control occupational health and safety,
setting standards for workplace/occupational
exposure limits. These limits define the level below
which no major health risks are expected to occur.

The hierarchy of controls is a widely used system
to facilitate primary prevention of disease by elim-
inating or minimizing exposure to hazards in the
workplace [119]. The most effective strategy is com-
plete removal of the hazard. Where this is not possi-
ble or reasonably achievable, a stepwise approach
is used to reduce exposures by substituting less
hazardous materials, using engineering controls
(e.g. local exhaust ventilation) and adopting differ-
ent practices. Use of appropriate respiratory pro-
tection, while often the easiest (and least expen-
sive) option, is generally ineffective and should be
used only as a last resort. Where there is a resid-
ual risk of disease, workers should be enrolled in a
respiratory health surveillance program. This is a
form of secondary prevention, which aims to detect
disease early, frequently prior to onset of symp-
toms, to allow an implementation of interventions
and prevent further disease progression. Such pro-
grams involve periodic assessment of the workforce
using a variety of tools depending on the industry
and relevant exposures. Most commonly, spirome-
try, generally in conjunction with a questionnaire
about respiratory symptoms, is used. This is of
most value when spirometric indices are plotted
longitudinally; specialist software is available to
aid an identification of accelerated decline [120].
In surveillance of silica- and coal-exposed workers,
chest X-rays (in conjunction with spirometry, ques-
tionnaires and—in some countries—clinical exam-
ination) are used. Although high-resolution CT is
more sensitive for detection of disease, this must
be balanced by the cost, radiation exposure and
high detection of incidental findings compared with
chest X-rays. In the United States, medical surveil-
lance for beryllium-exposed workers also includes
immunological testing for sensitization using
BeLPT. Finally, the risk is greater for those working
in countries or industries where health and safety
are poorly regulated and for temporary workers
who may not have the same access to surveillance
programs.

Perspectives and closing remarks

Millions of workers are exposed to substances
known to cause occupational ILD worldwide, par-
ticularly in low-middle-income countries and low
SDI regions wherein occupational safety standards
may be lacking or suboptimal. In addition, the
number of reported associations between novel
exposures and ILD continues to grow due to the
introduction of new materials and changes in man-
ufacturing practices (Table 4). Data on disease
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Table 4. Interstitial lung diseases due to emerging agents or new settings for established agents.

Exposure

Interstitial lung disease

Denim sandblasting

Inhaled nanoparticles (polyacrylate)

Organic chemicals

Isocyanates

Polyhexamethylene guanidine phosphate (PHMG) and
oligo (2-(2-ethoxy) ethoxyethyl guanidinium chloride
(PGH) compounds

5-chloro-2-methyl-4-isothiazolin-3-one (CMIT) and 2
methyl-4-isothiazolone-3-one (MIT)

Cross-linked acrylic acid-based polymer (L-PAA)

Military deployment (desert dust particulate matter,
burn pit emission products, vehicular diesel exhaust,
Jet fuel exhaust, oil well fires, debris from detonation,
industrial fires, exposures to chemicals, fumes, gases
and dusts)

Flavouring materials (dyacetyl (2,3-butanedione) and
acetylpropionyl (2,3-pentanedione))

Nylon flock

Indium tin oxide

Man-made disasters (World Trade Center-related lung
disease)

Welder’s lung (welding fumes from electrode, filler wire
and fluxes; base metal, shielding gases; paint or
surface coating; metal oxides)

Silicosis
Interstitial pneumonia

Hypersensitivity pneumonitis
Interstitial pneumonia; pulmonary fibrosis

Interstitial pneumonia

Interstitial pneumonia; pulmonary fibrosis

Bronchiolitis obliterans; acute eosinophilic
pneumonia; granulomatous pneumonitis;
rapidly progressive pulmonary fibrosis

Bronchiolitis obliterans

Nonspecific interstitial pneumonia/fibrosis with
bronchiolocentric lymphoid nodules and
lymphocytic bronchiolitis; diffuse alveolar
damage; organizing pneumonia

Interstitial pneumonia, pulmonary alveolar
proteinosis

Sarcoidosis; interstitial pneumonia; pulmonary
fibrosis

Respiratory bronchiolitis (with risk of
progression to desquamative interstitial
pneumonia with ongoing exposure)

incidence and prevalence remains scarce, whether
this is due to under-recognition of occupational
causes, under-reporting or both, highlighting the
need for more national ILD registries to be col-
lecting country-specific data on the ILD subtypes
encountered and more specific training for health-
care professionals about the importance of occu-
pational exposures. Ideally, epidemiological stud-
ies reporting disease incidence or prevalence by
number of workers exposed to a certain agent
would allow comparisons between regions, coun-
tries, offending agent and type of exposure. A stan-
dard nomenclature is also encouraged within these
registries with different occupational diseases and
their country-specific frequency clearly listed. The
emergence of novel potential occupational causes
of ILD in recent years emphasizes the need for con-
tinuing vigilance.
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