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Purpose of review

Occupational exposures remain an underrecognized and preventable cause of lung disease in high-income
countries. The present review highlights the emergence of cleaning-related respiratory disease and the re-
emergence of silicosis as examples of trends in occupational lung diseases in the 21st century.

Recent findings

Employment trends, such as the shift from large-scale manufacturing to a service economy, the growth of
the healthcare sector, and changing consumer products have changed the spectrum of work-related lung
diseases. Following decades of progress in reducing traditional hazards such as silica in U.S. workplaces,
cases of advanced silicosis have recently re-emerged with the production of engineered stone countertops.
With growth in the healthcare and service sectors in the United States, cleaning products have become an

important cause of work-related asthma and have recently been associated with an increased risk of
chronic obstructive pulmonary disease (COPD) in women. However, these occupational lung diseases
largely go unrecognized by practicing clinicians.

Summary

The present article highlights how changes in the economy and work structure can lead to new patterns of
inhalational workplace hazards and respiratory disease, including cleaning-related respiratory disease and
silicosis. Pulmonary clinicians need to be able to recognize and diagnose these occupational lung
diseases, which requires a high index of suspicion and a careful occupational history.

Keywords

cleaning products, medical surveillance, occupational lung disease, silicosis, work-related asthma

INTRODUCTION

Occupational exposures remain an under-recognized
and preventable cause of lung disease in high-income
countries, and world-wide. As observed in a recent
American Thoracic Society (ATS) review, workplace
exposures contribute substantially to the burden of
chronic respiratory diseases and a pressing need to
improve clinical recognition of occupational lung
disease remains [1**]. The present review highlights
both the re-emergence of a traditional pneumoconi-
osis, silicosis, and an important but rarely recognized
cause of asthma and likely also chronic obstructive
pulmonary disease (COPD), cleaning products.
Following decades of progress in reducing inha-
lational hazards in U.S. workplaces, preventable
well known occupational lung diseases such as coal
worker’s pneumoconiosis [2,3] and silicosis [4,5,6"]
have recently re-emerged. The respiratory hazards of
common workplace exposures, such as cleaning
solutions among nurses and traffic-related air pollu-
tion among urban drivers, are increasingly recog-
nized as well. The increasing use of nonstandard
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work arrangements, the decline in union represen-
tation, and the shift from an industrial to a service-
oriented economy have likely contributed to the
fragmentation of traditional occupational health
and safety practices, including workplace health
surveillance programs [7-10]. The introduction of
new products such as artificial stone, coupled with
inadequate industrial hygiene controls and limited
enforcement of existing occupational safety and
health standards, have further contributed to the
persistent burden of occupational lung disease
[6%11%,12,13%.
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KEY POINTS

o Despite progress in occupational health, work
exposures contribute to a substantial burden of chronic
lung disease in high-income countries.

e Occupational exposure to cleaning products is an
important cause of work-related asthma and is
associated with an increased risk of COPD in women.

e Changing work structures and exposure patterns has
resulted in the re-emergence of silicosis, an irreversible
and potentially fatal occupational lung disease.

e There is a need for clinicians to have a high level of
suspicion for occupational lung disease and integrate
a thorough occupational history into their evaluation of
patients with chronic lung diseases.

In this review, we focus on the emergence of
cleaning-related respiratory disease and the re-emer-
gence of silicosis as examples of these current trends
in occupational lung disease. These conditions
highlight how the changing structure of work, expo-
sure patterns, and workplace hazards provide a chal-
lenge to the clinician to diagnose and prevent
occupational lung diseases.

CLEANING-RELATED RESPIRATORY
EXPOSURES AND DISEASE

Occupational exposure to cleaning products is com-
mon, especially among women. Population-based

studies from Northern Europe have observed that
16% of the general population has been employed
in the occupational cleaning sector, with a mean
duration of 5.7 years [14]. One in five working
women has reported exposure to industrial cleaning
and sterilizing agents in a similar population-based
survey [15]. With the growth of the healthcare
sector, an increasing population of workers is being
exposed to disinfectants and more potent sterilizing
agents at work. Highly concentrated exposure can
occur in poorly ventilated spaces such as bathrooms,
and few exposure limits have been recognized.

A challenge in the diagnosis and control of
cleaning-related respiratory disease is the hetero-
geneity of exposure (Table 1). Common cleaning
solutions include detergents, disinfectants such as
bleach, caustic alkaline agents such as ammonia or
sodium hydroxide, corrosion inhibitors, polishes,
quaternary ammonium compounds, and perfumes
[16]. A single cleaning solution is often a mixture of
several different compounds, and many are applied
by spraying, which increases the risk of inhalational
exposures. Cleaners are also exposed to mineral [17]
and biologic dusts and other environmental expo-
sures, which are independently associated with
respiratory symptoms [18].

Cleaning agents may act through immune and
nonimmune mechanisms and a single agent may
act as both a sensitizer and irritant [19]. Mixtures of
common products can also result in significant tox-
icity: mixing bleach with acids or ammonia releases
chlorine and chloramine, respectively, and can

Table 1. Selected cleaning-related exposures that may cause respiratory disease

Chemicals Example

Disinfectants (alcohols, aldehydes, phenolics)

Ethanol, glutaraldehyde®, hydrogen peroxide, phenolics, chlorhexidine®,

quaternary ammonium compounds (e.g. benzalkonium chloride)®

Chlorine disinfectants
Caustics and alkaline agents
Acids
Solvents
Corrosion inhibitors
Complexing agents / water softeners
Scents and perfumes
Detergents
Preservatives

Other cleaning-related exposures
Natural rubber latex
Biologic dusts
Construction dusts, particulates

Other contributing factors

Latex gloves

Sodium hypochlorite (bleach), chloramine
Ammonia, sodium hydroxide, silicates, carbonates
Phosphoric, acetic, citric, and hydrochloric acid
Glycol ethers, 2-buthoxyethanol

Ethanolamine®, other amines®

EDTA, tripolyphosphates

Eugenol, terpenes such as pinene, limonene®
Soaps, organic sulphonates

Isothiazolinones®, formaldehyde®, benzalkonium chloride®

Fungi, bacteria, animal droppings
Wood, silica, cement, plaster

Inadequate ventilation, spray application, use of multiple products, enclosed spaces

“Known or suspected chemical sensitizers.
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result in an acute inhalational injury and other
respiratory conditions, such as adult respiratory dis-
tress syndrome (ARDS), reactive airways dysfunction
syndrome (RADS), or chemical pneumonitis [20,21].
Typical cleaning work is characterized by a mixture
of different chemical and biologic or other environ-
mental exposures, and may result in diverse pheno-
types. Given the complexity of exposures that occur
during cleaning, it can be challenging to identify
which specific component is the causative agent.

The most well characterized respiratory disease
associated with cleaning exposures is work-related
asthma, which includes new occupational asthma
and exacerbation of preexisting asthma [22-24].
Several recent epidemiologic and surveillance stud-
ies have documented that cleaning exposures and
cleaning-related occupations account for a substan-
tial fraction of work-related asthma [25,26"%,27""]. A
recent systematic review and meta-analysis of pop-
ulation-based studies across Europe, for example,
estimated that work as a professional cleaner was
associated with more than a 50% increase risk of
asthma (odds ratio (OR) = 1.5; 95% confidence
interval (CI), 1.3-1.8) [28]. A significant dose-—
response relationship between duration of cleaning
in years and self-report of respiratory symptoms and
asthma has also been observed among professional
cleaners [14].

A notable surveillance study published in the
past year reviewed cases of cleaning-related respira-
tory disease reported to three surveillance networks
by physicians in the United Kingdom over more
than 20 years (1997-2019) [27%"]. Among the Sur-
veillance of Work-Related and Occupational Respi-
ratory Disease (SWORD) cases, asthma (60% cases)
and acute inhalation accidents (28%) were the most
common cleaning-related diagnoses. Other diagno-
ses included rhinitis, bronchitis/emphysema, aller-
gic alveolitis, and upper airway irritation, reflecting
the broad spectrum of lung disease related to clean-
ing products. The highest risk occupations for clean-
ing-related respiratory disease included industrial
and domestic cleaners, laundry and dry cleaning
workers, nurses, medical assistants, and workers in

Table 2. Selected occupations with cases of cleaning
product-related asthma

Cleaners, janitors, housekeepers

Maintenance workers, building and grounds workers
Nurses, other healthcare workers

Medical and dental technicians, dental nurses
Clerical workers

Teachers
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athletics who are exposed to chlorinated pools
(Table 2) [27"].

A recent review and analysis of 3634 cases
of confirmed work-related asthma in the state of
Michigan over 31 years (1988-2018) noted marked
changes in the type of industries and exposures over
this time period [26™]. Comparing the most recent
to the earliest decade, cleaning agents became the
most commonly identified causative exposure,
increasing from S to 20% of cases, and healthcare
became the second most common industry (after all
manufacturing) [26"]. The study also highlighted
the important need for physicians to consider work-
place exposures in their patients with asthma.

Accumulating evidence suggests that cleaning
also contributes to the development of COPD [28].
In several large cross-sectional studies from North-
ern Europe, cleaning work has been associated with
higher risk of COPD based on self-report of physi-
cian diagnosis [14] and obstructive physiology on
pulmonary function testing [29], as well as higher
risk of death from COPD [30]. A recent prospective
analysis of the European Community Respiratory
Health Survey (ECRHS), an international multicen-
ter population-based longitudinal cohort study con-
ducted over 20 years, found that women who
cleaned either at home or professionally had an
accelerated decline in lung function that was com-
parable to 10-20 pack-years of tobacco smoking, as
measured by decreases in both forced expiratory
volume in 1 second (FEV1) and forced vital capacity
(FVCO) [317]. Impairment in lung function was more
pronounced in women who cleaned more fre-
quently, and was independent of asthma or asthma
treatment. Exposure to biologic dusts at work has
also been associated with higher risk of chronic
bronchitis, emphysema, and COPD, with a greater
risk in women compared to men [18].

The results from these European cohort studies
were recently supported by analysis of a large
prospective U.S. cohort, the Nurse’s Health Study.
This analysis of 73 262 nurses demonstrated that
exposure to commonly used disinfectants, includ-
ing alcohol, bleach, hydrogen peroxide, glutaralde-
hyde, and quaternary ammonium compounds was
associated with a 25-36% increased risk of COPD,
depending on the compound, and estimated that as
much as 12% of COPD may be attributed to occu-
pational exposure to disinfectants [32].

As with work-related asthma in general, early
recognition of cleaning-related asthma is essential,
as persistent work exposures can lead to more
advanced disease and substantial adverse health
and socioeconomic consequences [33,34]. A recent
cohort study, for example, demonstrated a two- to
three-fold increased risk of severe asthma (OR = 2.8;
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95% CI, 1.5-5.6) among individuals with asthma
and persistent occupational exposures [35%]. Asthma
can persist even away from the causative work expo-
sures, which may limit future job opportunities,
especially for less-skilled workers [36,37"].

Cleaning-related asthma should be considered in
any patient with new onset or worsening asthmatic
symptoms and potential cleaning-related exposures.
The diagnosis and management of work-related
asthma has been reviewed [38%,39,40]. As noted in
these reviews and guideline documents, a detailed
clinical and occupational history is essential to diag-
nosing work-related asthma, including documenting
the onset of asthma, work tasks, exposures, and the
temporal relationships between work and asthmatic
symptoms. Management focuses on exposure reduc-
tion, and if needed, complete removal from work, as
well as addressing the patient’s work status and
employment options [38",39,40].

Acute inhalational events following exposures
to cleaning products, such as accidental spills, are
more easily recognized as work-related than chronic
conditions such as COPD, which may present years
after employment in the causative work environ-
ment, requiring a high index of suspicion.

SILICA-RELATED LUNG DISEASE

Crystalline silica, one of the earliest recognized and
most studied occupational inhalational exposures,
has re-emerged in the United States and other high-
income countries as an important, persistent occu-
pational hazard. Inhalation of respirable crystalline
silica dust causes silicosis, a chronic fibrotic lung
disease, but is also associated with an increased risk
of COPD, lung cancer, and tuberculosis. Exposure to
silica, or silicone dioxide, is ubiquitous - it is the
most abundant mineral in nature and the main
constituent in 95% of rocks [11%]. Hazardous expo-
sure to silica occurs when respirable size particles
(<10 pm) of crystalline silica dust are generated,
aerosolized, and deposited in distal airways. The
cumulative dose of crystalline silica dust retained
in the lungs is a primary determinant in the patho-
genesis of silica-related lung disease [41].

OSHA estimates that 2.3 million U.S. workers are
exposed to silica at work [42]. Although hazardous
exposure to silica has occurred across a wide spec-
trum of occupations for centuries, the offshoring of
high-risk industries to low-income countries and
the transition from industrial-type employment
relations to nonstandard work arrangements has
contributed to new patterns of exposure [7]. Com-
mon work settings with exposure to silica in the
United States now include residential, nonresiden-
tial and road construction, roofing, demolition

1070-5287 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Table 3. Selected industries and occupations with risk of
silicosis

Construction of buildings (cement, concrete, and gypsum/drywall
work, demolition)

Road construction and repair
Mining (coal, metals), tunneling, quarrying
Sandblasting / abrasive blasting in many seftings

Manufocturing (engineered countertops, gloss, pottery, ceramics,
dental labs, jewelry)

Stone work, masonry (production, installation)
Foundries, metal work

Petroleum and natural gas extraction

work, concrete manufacture, stone masonry, sand-
blasting, artificial stone manufacturing and finish-
ing, and pottery and ceramic production [42]
(Table 3). Fewer U.S. workers belong to labor unions,
and many of these job tasks are now performed by
independent contractors. Workers employed in
these ‘nonstandard’ and/or nonunion work arrange-
ments have been observed to be at increased risk for
work-related injuries [43] and fatalities [10] that may
be because of insufficient safety training, inappro-
priate personal protective equipment, or assign-
ment to more hazardous job tasks [7].

Silicosis is an irreversible, potentially fatal lung
disease and the most recognized outcome of silica
exposure [44]. Chronic silicosis has historically been
the most common presentation, and is typically
diagnosed in older workers exposed to silica dust
for more than 10 years [4]. Both chronic and accel-
erated silicosis, which develops within 5-10 years of
a higher intensity exposure, are characterized by
upper-lobe predominant pulmonary nodules that
can eventually become confluent, described as pro-
gressive massive fibrosis.

The development of new industries and com-
mercial products, changing work practices, and
inadequate workplace monitoring and enforcement
have contributed to multiple outbreaks of silicosis
in the past 20 years, including among workers
sandblasting of denim jeans [45], dental laboratory
technicians [4,42], and engineered stone workers
[6",12,13%,46".

Recent case series in the United States have
documented accelerated silicosis and end-stage coal
worker’s pneumoconiosis in younger workers
[6%,11%,13"], reflecting high exposures to silica dust
even in industries that previously controlled expo-
sure, such as U.S. coal mining. Progressive massive
fibrosis, for example, had been nearly eradicated
among miners in central Appalachian states prior
to 2000, but the prevalence increased approximately
10-fold in the region between 2000 and 2015 [3,47].
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The shifting epidemiology of silicosis in the
United States was recently highlighted in a review
and analysis of more than 1000 confirmed cases of
silicosis in the state of Michigan over three decades
[48™%]. Although the overall incidence of silicosis
decreased with time, much of this decrease was
attributed to a two- to three-fold reduction in the
number of foundry workers. In comparing three
time periods (1988-1997, 1998-2007, 2008-
2016), the proportion of companies with respirable
silica levels above the new OSHA limit did not
change (62% of companies inspected), but OSHA
workplace inspections decreased from 57 companies
to 6 companies, mandatory reporting of silicosis
cases decreased by 81%, and applications for work-
er's compensation among silicosis cases decreased
from 42 to 16%. Across all time periods, workplace
medical surveillance was identified in only 11% of
companies inspected, and death certificates docu-
mented silicosis in only 8% of confirmed cases.
These findings highlight how under-recognition
of silicosis, reduced OSHA enforcement, and a shift-
ing pattern of silica exposure, from large foundries
to smaller businesses, has proved challenging to the
diagnosis and prevention of silicosis.

One notable and concerning new exposure
across high-income countries has been from the
manufacture of artificial stone countertops, which
can have substantially higher silica content than
natural stone such as granite [6%,12,13%46™]. A
recent case series from the United States docu-
mented 18 cases of severe silicosis and two fatalities
among stone fabrication workers in the past 2 years
[13%]. Although the incidence of disease in the stone
fabrication industry remains unknown, a screening
program that was recently implemented in Australia
identified silicosis in more than 12% of artificial
stone workers [12]. Substantial exposures to respira-
ble silica have also been observed in other emerging
industries and jobs, including the hydraulic fractur-
ing of oil and gas (fracking) [49].

More recent research has also expanded our
understanding of the spectrum of silica-related lung
disease. Since being classified as a class 1 carcinogen
by IARC in 1997 [41], more recent meta-analyses
have demonstrated that the risk of lung cancer is
dose-related to silica exposure, elevated even in
those without silicosis, and observed across hetero-
geneous occupational exposures [50-53]. It is also
now clear that silica exposure increases the risk of
tuberculosis infection even in the absence of silico-
sis [41], and silicotuberculosis has been recognized
as an occupational health risk in construction, min-
ing, and other industries, especially in tuberculosis
endemic regions [54-56]. Exposure to silica is also
associated with elevated risk of chronic renal disease
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and diverse autoimmune diseases including rheu-
matoid arthritis, systemic lupus erythematosus, and
systemic sclerosis [41,57].

Because of ongoing concern for the hazards of
silica, in June 2018, OSHA implemented a new silica
standard for the first time since 1971, lowering the
permissible exposure limit from 100 to 50 mcg/m>
and mandating medical surveillance of workers with
exposures above the permissible exposure limit.
Surveillance should include medical examination
and occupational questionnaire, chest x-ray with
B read interpretation, tuberculosis screening, spi-
rometry, and specialist referral for concern of sil-
ica-related lung disease. With lower exposure limits,
the number of workers requiring evaluation for
silica-related lung disease is expected to increase.

The approach to diagnosis of silica-related lung
disease is well established [41]. A high level of sus-
picion and a thorough occupational history is essen-
tial, including all prior jobs given the long latency.
For each job, estimates of the intensity and duration
of exposure to silica dust, and the use of particulate
respirators, should be noted. Pulmonary function
testing is variable, and can show either obstructive
or restrictive physiology, often with reduced DLCO.
Imaging of silicosis can appear as small nodules in
upper lobes, diffuse interstitial fibrosis, or calcified
lymphadenopathy [41]. Biopsy is usually unneces-
sary and the diagnosis is made clinically based on
imaging, history of silica exposure, and exclusion of
more probable diagnoses. There is no treatment
other than lung transplant for severe cases. Patients
diagnosed with silicosis should be followed and
assessed for comorbidities associated with silicosis,
most notably rheumatologic disease and tuberculo-
sis [41,58].

CONCLUSION

The present review has focused on the emergence of
cleaning-related respiratory disease and the re-emer-
gence of silicosis as two examples of occupational
lung disease in the 21st century. The changing
economy and structure of work, growth in the
healthcare sector, and novel workplace hazards have
contributed to the persistent burden of occupational
lung diseases. Workplace exposures to cleaning
products are becoming increasingly common with
the expansion of the healthcare and service indus-
tries, and pulmonologists should have a high index
of suspicion for cleaning-related asthma in any
patient with new or worsening asthma and potential
exposures to cleaning. With the new lower OSHA
standard for silica and mandated medical surveil-
lance, pulmonologists will likely see an increase in
referrals for evaluation of possible silica-related
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disease. Given the substantial occupational contri-
bution to the major chronic lung diseases (asthma,
COPD, interstitial lung disease), pulmonary clini-
cians need to maintain a high level of suspicion for
work-related lung disease and integrate a thorough
occupational history into their evaluation.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm  of outstanding interest

1. Blanc PD, Annesi-Maesano |, Balmes JR, et al. The occupational burden of

mm nonmalignant respiratory diseases. an official American Thoracic Society and

European Respiratory Society Statement. Am J Respir Crit Care Med 2019;
199:1312-1334.

This official ATS statement concludes that work exposures contribute to a

substantial proportion of the major chronic lung diseases, including asthma,

COPD, and interstitial lung disease, and emphasizes the need to improve clinician

recognition of occupational lung disease.

2. Blackley DJ, Halldin CN, Laney AS. Resurgence of a debilitating and entirely
preventable respiratory disease among working coal miners. Am J Respir Crit
Care Med 2014; 190:708-709.

3. Blackley DJ, Halldin CN, Laney AS. Continued increase in prevalence of coal
workers' pneumoconiosis in the United States. Am J Public Health 2018;
108:1220-1222.

4. Bang KM, Mazurek JM, Wood JM, et al. Silicosis mortality trends and new
exposures to respirable crystalline silica—United States. MMWR Morb Mortal
WKly Rep 2015; 64:117-120.

5. Hoy RF, Baird T, Hammerschlag G, et al. Artificial stone-associated silicosis: a
rapidly emerging occupational lung disease. Occup Environ Med 2018;
75:3-5.

6. Leso V, Fontana L, Romano R, et al. Artificial stone associated silicosis: a

m  systematic review. Int J Environ Res Public Health 2019; 16:568.

A systematic review covering many of the outbreaks of silicosis associated with

artificial stone manufacturing.

7. Howard J. Nonstandard work arrangements and worker health and safety. Am
J Ind Med 2017; 60:1-10.

8. Tran M, Sokas RK. The gig economy and contingent work: an occupational
health assessment. J Occup Environ Med 2017; 59:663-¢e66.

9. Alterman T, Luckhaupt SE, Dahlhamer JM, et al. Prevalence rates of
work organization characteristics among workers in the U.S.: data from
the 2010 National Health Interview Survey. Am J Ind Med 2013; 56:
647-659.

10. Muzaffar S, Cummings K, Hobbs G, et al. Factors associated with fatal mining
injuries among contractors and operators. J Occup Environ Med 2013;
55:1337-1344.

11. Barnes H, Goh NSL, Leong TL, Hoy R. Silica-associated lung disease: an old-

m  world exposure in modern industries. Respirology 2019; 24:1165-1175.

A comprehensive and up to date review of silicosis, including the pathophysiology,

clinical manifestations, diagnosis, and treatment of the disease, with special

attention to the recent outbreaks of silica-related lung disease in nontraditional
industries.

12. Kirby T. Australia reports on audit of silicosis for stonecutters. The Lancet
2019; 393:861.

13. Rose C. Severe silicosis in engineered stone fabrication workers—California,

m  Colorado, Texas, and Washington. MMWR Morb Mortal Wkly Rep 2019;
68:813-818.

Provides descriptive epidemiology and insight on workers currently employed in

the artificial stone industry in the United States.

14. Svanes O, Skorge TD, Johannessen A, et al. Respiratory health in cleaners in
Northern Europe: is susceptibility established in early life? PLoS ONE 2015;
10:e0131959.

1070-5287 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

15. Fritschi L, Crewe J, Darcey E, et al. The estimated prevalence of exposure to
asthmagens in the Australian workforce. BMC Pulm Med 2016; 16:48.

16. Quirce S, Barranco P. Cleaning agents and asthma. J Investig Allergol Clin
Immunol 2010; 20:542-550.

17. Lytras T, Kogevinas M, Kromhout H, et al. Occupational exposures and 20-
year incidence of COPD: the European Community Respiratory Health
Survey. Thorax 2018; 73:1008-1015.

18. Matheson MC, Benke G, Raven J, et al. Biological dust exposure in the
workplace is a risk factor for chronic obstructive pulmonary disease. Thorax
2005; 60:645-651.

19. Moual NL, Zock J-P, Dumas O, et al. Update of an occupational asthma-
specific job exposure matrix to assess exposure to 30 specific agents. Occup
Environ Med 2018; 75:507-514.

20. Tanen DA, Graeme KA, Raschke R. Severe lung injury after exposure to
chloramine gas from household cleaners. N EnglJ Med 1999; 341:848-849.

21. Reisz GR, Gammon RS. Toxic pneumonitis from mixing household cleaners.
Chest 1986; 89:49-52.

22. Follettil, Siracusa A, Paolocci G. Update on asthma and cleaning agents. Curr
Opin Allergy Clin Immunol 2017; 17:90-95.

23. Tarlo SM, Lemiere C. Occupational asthma. N EnglJ Med 2014;370:640-649.

24, Vincent MJ, Parker A, Maier A. Cleaning and asthma: a systematic review and
approach for effective safety assessment. Regul Toxicol Pharmacol 2017;
90:231-243.

25. Li RWH, Lipszyc JC, Prasad S, Tarlo SM. Work-related asthma from cleaning
agents versus other agents. Occup Med 2018; 68:587-592.

26. Reilly MJ, Wang L, Rosenman KD. The burden of work-related asthma in

mm  Michigan. Ann Am Thorac Soc 2019. [Epub ahead of print]

A detailed report on work-related asthma associated with changing occupational

exposures in Michigan over a 30 year period.

27. Carder M, Seed MJ, Money A, et al. Occupational and work-related respiratory

mm disease attributed to cleaning products. Occup Environ Med 2019;
76:530-536.

A report based on an extensive surveillance system in the United Kingdom,

highlighting occupations at increased risk and related exposures.

28. Archangelidi O, Jarvis D, De Matteis S. Cleaning products and respiratory
health outcomes in professional cleaners: a systematic review and meta-
analysis. Thorax 2018; 73:A181-A182.

29. De Matteis S, Jarvis D, Hutchings S, et al. Occupations associated with
COPD risk in the large population-based UK Biobank cohort study. Occup
Environ Med 2016; 73:378-384.

30. Vanden Borre L, Deboosere P. Health risks in the cleaning industry: a Belgian
census-linked mortality study. Int Arch Occup Environ Health 2018;
91:13-21.

31. Svanes O, Bertelsen RJ, Lygre SHL, et al. Cleaning at home and at work in

= relation to lung function decline and airway obstruction. Am J Respir Crit Care
Med 2018; 197:1157-1163.

This study documents an association between exposure to cleaning and an

accelerated decline in lung function in a large European cohort.

32. Dumas O, Varraso R, Boggs KM, et al. Association of occupational exposure

mm to disinfectants with incidence of chronic obstructive pulmonary disease
among US female nurses. JAMA Netw Open 2019; 2:e1913563.

This study documents increased COPD risk among a large population of U.S.

nurses exposed to cleaning products at work.

33. Moscato G, Pala G, Barnig C, et al. EAACI consensus statement for
investigation of work-related asthma in nonspecialized centres. Allergy Eur
J Allergy Clin Immunol 2012; 67:491-501.

34. Vandenplas O. Reduction of exposure in the management of occupational
asthma. Curr Opin Allergy Clin Immunol 2011; 11:75-79.

35. Vandenplas O, Godet J, Hurdubaea L, et al. Severe occupational asthma:

m  insights from a multicenter European cohort. J Allergy Clin Immunol Pract
2019; 7:2309-2318e4.

This study documents higher rates of severe occupational asthma among workers

with persistent occupational exposures.

36. Munoz X, Viladrich M, Manso L, et al. Evolution of occupational asthma: does
cessation of exposure really improve prognosis? Respir Med 2014;
108:1363-1370.

37. Henneberger PK, Patel JR, de Groene GJ, et al. Workplace interventions for

m treatment of occupational asthma. Cochrane Database Syst Rev 2019. [Epub
head of print]

A systematic review of interventions for occupational asthma, documenting the

relationship of the workplace to symptom control, and the financial impact of

occupational asthma.

38. Lau A, Tarlo SM. Update on the management of occupational asthma and

m  work-exacerbated asthma. Allergy Asthma Immunol Res 2019; 11:188-200.

A thorough overview of the management of work-related asthma.

39. Henneberger PK, Redlich CA, Callahan DB, et al. An official American
thoracic society statement: work-exacerbated asthma. Am J Respir Crit Care
Med 2011; 184:368-378.

40. Tarlo SM, Balmes J, Balkissoon R, et al. Diagnosis and management of work-
related asthma: American College of Chest Physicians consensus statement.
Chest 2008; 134:1S5-418S.

41. Leung CC, Yu ITS, Chen W. Silicosis. Lancet 2012; 379:2008-2018.

42. Federal Register Vol. 81, No. 58, March 25, 2016 - Content Details - FR-
2016-03-25. Fed Regist 2016, 81.

www.co-pulmonarymedicine.com 147

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



Obstructive, occupational and environmental diseases

43. Virtanen M, Kiviméki M, Joensuu M, et al. Temporary employment and health: a
review. Int J Epidemiol 2005; 34:610-622.

44, Deslauriers JR, Redlich CA. Silica exposure, silicosis, and the new occupa-
tional safety and health administration silica standard. What pulmonologists
need to know? Ann Am Thorac Soc 2018; 15:1391-1392.

45. Bakan ND, Ozkan G, Camsari G, et al. Silicosis in denim sandblasters. Chest
2011; 140:1300-1304.

46. Barber CM, Fishwick D, Carder M, van Tongeren M. Epidemiology of silicosis:

mm reports from the SWORD scheme in the UK from 1996 to. Occup Environ
Med 2019; 76:17-21.

A report on silicosis based on data from an extensive surveillance system in the

United Kingdom, highlighting at-risk occupations.

47. Blackley DJ, Crum JB, Halldin CN, et al. Resurgence of progressive massive
fibrosis in coal miners - Eastern Kentucky. MMWR Morb Mortal Wkly Rep
2016; 65:1385-1389.

48. Reilly MJ, Timmer SJ, Rosenman KD. The burden of silicosis in Michigan. Ann

mm  Am Thorac Soc 2018; 15:1404-1410.

A detailed review of all silicosis cases in Michigan, a state with one of the most

comprehensive and long-standing silicosis surveillance systems in the United

States, highlighting the role of the changing work landscape.

49. Quail MT. Overview of silica-related clusters in the united states: will fracking
operations become the next cluster? J Environ Health 2017; 79:20-27.

148 www.co-pulmonarymedicine.com

50.

51.

52.

53.

54.

55.

56.

57.
58.

Lacasse Y, Martin S, Gagné D, Lakhal L. Dose-response meta-analysis of
silica and lung cancer. Cancer Causes Control 2009; 20:925-933.
Poinen-Rughooputh S, Rughooputh MS, Guo Y, et al. Occupational exposure
to silica dust and risk of lung cancer: an updated meta-analysis of epidemio-
logical studies. BMC Public Health 2016; 16:1137.

Sato T, Shimosato T, Klinman DM. Silicosis and lung cancer: current per-
spectives. Lung Cancer Auckl NZ 2018; 9:91-101.

Steenland K, Ward E. Silica: a lung carcinogen. CA Cancer J Clin 2014;
64:63-69.

Kootbodien T, lyaloo S, Wilson K, et al. Environmental silica dust exposure and
pulmonary tuberculosis in Johannesburg, South Africa. Int J Environ Res
Public Health 2019; 16; pii: E1867.

Shafiei M, Ghasemian A, Eslami M, et al. Risk factors and control strategies for
silicotuberculosis as an occupational disease. New Microbes New Infect
2019; 27:75-77.

International Commission on Occupational Health ICOH). Preventing tuber-
culosis among silica dust exposed workers. Occup Environ Med 2018;
75:765-766.

Pollard KM. Silica, silicosis, and autoimmunity. Front Immunol 2016; 7:97.
Makol A, Reilly MJ, Rosenman KD. Prevalence of connective tissue disease in
silicosis (1985-2006)—a report from the state of Michigan surveillance
system for silicosis. Am J Ind Med 2011; 54:255-262.

Volume 26 o Number 2 o March 2020

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



