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ABSTRACT

Work-related asthma (WRA) is highly prevalent in the adult population. WRA includes
occupational asthma (OA), which is asthma caused by workplace exposures, and work-
exacerbated asthma (WEA), also known as work-aggravated asthma, which is preexisting
or concurrent asthma worsened by workplace conditions. In adults, the estimated
prevalence of OA is 16.0%), whereas that of WEA is 21.5%. An increasing number of
chemicals used in industrial production, households, and services are associated with
the incidence of adult-onset asthma attributable to exposure to chemicals. This review
article summarizes the different types of WRA and describes diagnostic procedures,
treatment, prevention, and approaches to patient management. It is not always easy to
distinguish between OA and WEA. It is important to establish a diagnosis (of sensitizer-/
irritant-induced OA or WEA) in order to prevent worsening of symptoms, as well as to
prevent other workers from being exposed, by providing early treatment and counseling
on social security and work-related issues.
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INTRODUCTION

Asthma ranks second among the most prevalent chronic
respiratory diseases worldwide.® In 2017, the prevalence
of asthma was estimated at 273 million cases (3.6% of
the world population) and the incidence of asthma was
estimated at 43 million cases.(*?) Asthma is the second
leading cause of death from a chronic respiratory disease
worldwide, with an estimated 500,000 deaths in 2017
and a mortality rate of 6.48/100,000 population.® Of
the aforementioned deaths, approximately 7% were
work-related.®

Work-related asthma (WRA) is asthma that is
caused by exposures at work (occupational asthma
[OA]) or that is exacerbated by exposures at work
(work-exacerbated asthma [WEA], also known as work-
aggravated asthma). OA is defined as asthma symptoms
accompanied by reversible airflow obstruction or bronchial
hyperresponsiveness caused by conditions attributable
to the occupational environment rather than to stimuli
encountered outside the workplace.®®) OA can be caused
by sensitizers or irritants.® Sensitizer-induced OA is
more common than irritant-induced OA, accounting for
approximately 90% of cases.”) Sensitizer-induced OA is
characterized by the onset of symptoms after a latency
period (i.e., symptoms occurring months or years after
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exposure). An earlier onset is associated with a higher
level of exposure, as well as with the sensitizing agent
and individual characteristics.® Sensitizing agents
can be of high molecular weight (> 5 kDa),®*® mostly
proteins, with an IgE-mediated immune mechanism, or
low molecular weight, with a mechanism that has yet to
be elucidated in most cases.® OA without latency (also
known as nonimmunologic asthma) is asthma induced
by irritants(® and accounts for 5-18% of cases, its
prevalence varying across studies and environments.”)
Irritant-induced asthma occurs after a single exposure or
multiple exposures to high concentrations of an irritant.(**)
However, it has been suggested that chronic exposure
to irritants at low concentrations is also associated
with the development of irritant-induced asthma. 2t
Reactive airway dysfunction syndrome is the first and
best known description of irritant-induced asthma,
the onset of which is less than 24 h after exposure to
high levels of an irritant, with symptoms, functional
changes, or both lasting three months or more.1*2
WEA is defined as preexisting or concurrent asthma
that is worsened by workplace conditions, the former
being asthma with onset before entering the worksite
of interest and the latter being asthma with onset while
employed in the worksite of interest but not due to
exposures in that worksite. In this case, the workplace
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is related to worsening or exacerbation of previously
controlled asthma.*®

WRA is a common and preventable occupational
disease that causes limitations in work and activities of
daily living, has unfavorable socioeconomic outcomes,
and affects working-age individuals, requiring attention
from physicians, researchers, and health care providers.
When WRA goes unrecognized and untreated, it
can progress to severe asthma, difficult-to-control
asthma, or both.(¥) In a multicenter retrospective
study conducted in Europe, 16.2% of OA patients met
criteria for severe asthma,*®) whereas, in non-WRA
patients, the reported prevalence of severe asthma
was approximately 5%.%7 Factors associated with
severe OA include persistent exposure to the causative
agent at work, a longer duration of disease, a lower
level of education, a diagnosis of childhood asthma,
and expectoration.®®

The studies included in the present review article
were retrieved from the MEDLINE (PubMed) database
by the following search terms (and Boolean operators):
(work-related asthma) OR (occupational asthma) OR
(work-aggravated asthma) OR (work-exacerbated
asthma) OR (irritant-induced asthma). The search
included peer-reviewed articles published between
January 1, 2000 and October 31, 2020 and written
in English, Portuguese, Spanish, French, or Italian.
Article inclusion was determined by the authors
of the present study, and the articles were not
systematically reviewed. We included original articles,
review articles, consensus statements, and articles
published before the year 2000 and addressing the
topics discussed herein.

OCCUPATIONS AND EXPOSURES
ASSOCIATED WITH WRA

Given that millions of people are exposed to
sensitizers and irritants at work and at home, public
health surveillance is required in order to identify and
prevent such exposures, as well as for the diagnosis
and early treatment of those who develop asthma.
Approximately 600 agents have been related to OA,
400 of which involve sensitizing mechanisms. (*®)
Asthma symptoms can be worsened by defined agents
(any substance that acts through known or unknown
immune-mediated mechanisms or as an airway
irritant) and environmental conditions such as low
temperatures and air pollution in the workplace. In
2016, 24.0% of men and 13.4% of women worldwide
were estimated to be exposed to asthma-causing
agents in the workplace.®?

Sensitizers

In a recent multicenter study conducted in Europe
and involving a cohort of 635 workers,?? a total of
8 high- or low-molecular-weight agents were found
to account for more than 70% of all OA cases:
flour, isocyanates, persulfates, metals, latex, wood,
quaternary ammonium compounds, and acrylates.
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Chart 1 shows the most prevalent sensitizers, by
molecular weight (high or low), as well as commonly
associated occupations/workplaces and exposures.(?9-24)
High-molecular-weight agents consist of proteins of
animal or vegetable origin. Low-molecular-weight
agents include organic and inorganic compounds that
act as haptens, some of which have IgE-mediated
immune mechanisms, including platinum salts
(industrial catalysts), trimellitic and phthalic anhydrides
(found in paints and sealants), persulfates (henna hair
dye), reactive dyes, and, more rarely, diisocyanates.
Low-molecular-weight sensitizers without an IgE-
mediated mechanism include diisocyanates (found
in paints and varnishes, as well as in polyurethane
production), acrylates (glues and adhesives), wood
compounds, such as plicatic acid (red cedar), metals
(chromium, nickel, and cobalt), and glutaraldehyde.

Irritants

Causative agents of irritant-induced OA include
ammonia, cement dust, chloride, cleaning products,
diesel exhaust, tobacco smoke, isocyanates, fire smoke,
sulfur dioxide, mixed agents in swine confinement
facilities, and welding fumes (Chart 2).(12:13,24-26)

Exposure to dust, environmental tobacco smoke, air
pollution, stressful activities, temperature variations,
and physical exertion are also associated with WEA.(*>
Occupations and exposures associated with WRA vary
across studies. In a study conducted in Canada®”
and involving workers claiming compensation for
asthma, 39% had WEA; of those, most (67%) had
irritant-induced asthma, and the most common irritants
were paints, solvents, calcium oxide, acids, ammonia,
cigarette smoke, glutaraldehyde, and welding fumes.

In recent decades, several studies conducted in
industrialized countries have shown an increased
risk of developing asthma in cleaners.%2% Among
cleaners in northern Europe, a significant relationship
was found between the number of years worked as
a cleaner and the risk of developing asthma.% In a
study analyzing 3,634 cases of WRA in the state of
Michigan, USA, exposure to cleaning products was
found to have increased from 5% to 20%, cleaning
products having become the agents most commonly
associated with asthma in the last 30 years.Y In a
study involving 394 patients diagnosed with OA in
the city of Sdo Paulo, Brazil, women were found to
be most commonly exposed to cleaning products
(38.5%) and fumes released in the manufacture of
plastics (18.5%), whereas men were found to be
most commonly exposed to isocyanates (24.8%)
and metal fumes (18.9%).(°2 Among the most widely
used cleaning products, the most common sensitizers
are quaternary ammonium compounds, amines, and
flavoring agents, whereas the most common irritants
are sodium hypochlorite, hydrochloric acid, and alkaline
agents (ammonia and caustic soda).(%2%

In summary, the occupations/workplaces/exposures
most commonly associated with WRA are painting,
cleaning, carpentry, beauty salons, health services,



Chart 1. Most common sensitizers, by molecular weight
workplaces and exposures.
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(high or low), as well as commonly associated occupations/

Sensitizer Occupation/Workplace/Exposure

High molecular weight (> 5 kDa)

Flours and grains

Latex

Enzymes

Plant-derived products

Animals and animal-derived products
Fungi

bakers, food industry

health care workers; producers and frequent users of latex products
manufacture and use of detergents; pharmaceutical and food industries

agricultural workers
laboratories, veterinaries, agricultural workers
offices, schools, cleaners

Low molecular weight (< 5 kDa)

Diisocyanates

polyurethane production; foam production; automotive paint and

polyurethane varnish; plastics industry

Persulfates hairdressers

Metals (chrome, nickel, cobalt, zinc, metal coatings (galvanization), welders, pharmaceutical industry, and

platinum salts) refineries

Quaternary ammonium compounds cleaners

Acrylates dentists, adhesive resins, synthetic fabrics, printer inks, plastics industry,
manicurists

Wood dust carpenters

Cleaning products: chloride, ammonia, cleaners and health care workers

glutaraldehyde

Drugs (e.g., antibiotics)
Phthalic and trimellitic anhydrides

pharmaceutical industry
epoxy resin manufacture, spray paint workers

Chart 2. Occupations/workplaces and agents/mixed agents associated with irritant-induced occupational asthma.

Occupation/workplace Agents/mixed agents

Cleaners and health care workers

Aluminum smelting

Pulp and paper mills

Swine and dairy production
Dark-room environment
Welding

Biocides

Construction work

Firefighters, first responders, security agents
Mechanics, highway workers, and railroad workers

chloride, ammonia, disinfectants, hydrochloric acid, organic
solvents

fluorides, sulfur dioxide, aluminum oxide

sulfur dioxide

aerosols from endotoxins and organic dusts; manure gases
acetic acid

nitrogen oxides, fluorides, ozone, metals

ethylene oxide, formalin, insecticides (organophosphates,
organochlorines, and carbamates)

spray paints, cement dust, calcium oxide (lime), floor
sealant (aromatic hydrocarbons)

smoke (fires), fumes released by chemical spills
diesel exhaust, organic solvents

and the food industry (exposure to flours, animal
proteins, and condiments). However, it should be noted
that it is no longer enough to know the occupation of
affected individuals in order to understand exposures
and work environments; there is a need to know the
workplaces and agents that can induce or exacerbate
asthma symptoms.

EPIDEMIOLOGY AND RISK FACTORS

In an analysis of epidemiological studies, the reported
prevalence of adult-onset asthma attributable to
occupational exposures was 16%.3® The prevalence of
WEA varies across studies depending on the definition
of WEA and the diagnostic criteria. It is estimated that
21.5% of adults with asthma experience exacerbation

or worsening of symptoms because of exposures in
the workplace.*> The overall number of deaths from
OA in 2017 was approximately 34,000. The number
of disability-adjusted life years for OA in 2017 was
1.910 million,® disability-adjusted life years being
the sum of the years of life lost to premature death
and years lived with disability.

Factors associated with an increased risk of developing
asthma include the type of exposure (the risk of
developing asthma ranging from 5% for exposure to
isocyanates to 50% for exposure to platinum salts), the
level of exposure (a higher level of exposure translating
to a higher risk of developing asthma), smoking (the risk
of developing asthma being well defined for exposures
such as platinum salts and anhydrides), a history of
bronchial hyperresponsiveness, and presence of rhinitis/
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atopy (the risk of developing asthma being well defined
for exposure to high-molecular-weight agents).(¢7:33:3%

DIAGNOSIS

A diagnosis of WRA should be considered in adults
who develop asthma or experience exacerbation
of preexisting asthma.® Several definitions of and
diagnostic criteria for WRA have been proposed.®:10:15)
The proposed diagnostic criteria are summarized in
Figure 1 and include the following: A) a diagnosis
of asthma; B) onset or worsening/exacerbation of
symptoms after entering the worksite of interest;
and C) an association between asthma symptoms
and work. Additional criteria include the following:
1) workplace exposure to an agent known to cause
asthma; 2) workplace exposure to an agent or
conditions known to cause asthma exacerbation; 3)
worsening of FEV,, PEF, or a combination of the two,
or hyperresponsiveness after nonspecific bronchial
challenge testing during periods of work in comparison
with periods away from work; 4) positive response to
specific bronchial challenge testing; and 5) onset of
asthma symptoms after exposure to irritants.

A diagnosis of OA is made if A+B+C are met,
together with 3, 4, or 5. A diagnosis of probable
OA is made if A+B+C are met, together with 1. A
diagnosis of WEA is made if A+B+C are met, together
with a diagnosis of preexisting asthma or concurrent
asthma (i.e., asthma with onset after entering the
worksite of interest) and 2+3 or more frequent/
more severe asthma attacks, need for medication
use, or a combination of the two, with a diagnosis
of OA being excluded. According to the European
Academy of Allergy and Clinical Immunology,*?
irritant-induced OA is diagnosed in the absence of
a history of asthma, being classified as follows: (i)
acute (i.e., definite irritant-induced OA)—asthma that
develops within a few hours after a single exposure
to very high levels of irritants; (ii) subacute (i.e.,
probable irritant-induced OA)—asthma that develops
within a few days or weeks after multiple high-level
exposures to irritants; and (iii) chronic (i.e., possible
irritant-induced OA)—asthma resulting from chronic
exposure to moderate levels of irritants (i.e., with a
latency period).

Given that each year new chemicals are produced
and made available for use, the possibility of new
exposures should always be considered.

DIAGNOSTIC PROCEDURES

Occupational history and evaluation of the
causative agent

In the early stages of WRA, patients report
experiencing asthma symptoms or worsening of
asthma symptoms at work, the symptoms resolving
or improving when patients are away from work (on
weekends/vacation). The symptoms tend to worsen
with continued exposure, and it takes longer for any
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noticeable improvement to occur when patients are
away from work. Late asthmatic reactions to the
allergen, leading to worsening of symptoms at the end
of the day or after work hours, can make it difficult
to evaluate WRA, whereas exposure to irritants and
sensitizers in the home can worsen asthma outside
the workplace.” The clinical history is more reliable
to exclude than to confirm OA. In a study of asthma
patients, clinical history had a negative predicted
value of 83%, whereas a history suggestive of OA
had a positive predictive value of 63%.3> Therefore,
medication use, emergency department visits, and
hospitalizations are useful objective parameters to
quantify the course of the disease.®® Identification
of the causative agent also supports a diagnosis
of WRA and makes it possible to minimize future
exposures and prevent new cases among exposed
workers, as well as to identify new agents.%3") If
the clinical history, the occupational history, and the
presence of a causative agent in the workplace are
suggestive of WRA, timely further investigation is
needed, preferably while the patient is still employed
and exposed to the causative agent, for an objective
assessment of asthma to establish its relationship
with the work environment and adopt measures to
protect workers.®

Objective measurements

Serial PEF measurements

Serial measurements of PEF (Figure 2) have a good
level of evidence for the diagnosis of WRA. Good-quality
measurements can be obtained with appropriate
training and patient instructions. Although false or
inaccurate measurements cannot be ruled out, serial PEF
measurements provide the simplest and least expensive
method to assess patient response to inhaled agents
or work environment conditions, being recommended
worldwide.>19 Serial PEF measurements should be
obtained at least four times a day, no more than 2-3 h
apart, during the course of two weeks at work and two
weeks away from work. Patients perform three maximal
inspiratory maneuvers followed by a maximal forced
expiratory maneuver. The best of triplicate recordings
made at each time point is used for comparative
analysis.>*? Serial PEF measurements are highly sensitive
and specific for the diagnosis of OA.) Although visual
interpretation of measurements is the most commonly
used method of analysis, statistical methods can be used,
such as comparison of daily means between periods at
work and away from work.*”*® In addition, PEF records
can be interpreted by Oasys-2 freeware (Occupational
Asthma System; Oasys Research Group, UK), developed
to aid in the diagnosis of WRA through analysis of PEF
records. The developers of Oasys-2 recommend that
PEF records be analyzed for periods of work-rest-work
(two periods of days at work, separated by a period of
days away from work) and rest-work-rest (two periods
of days away from work, separated by a period of days
at work), with measurements obtained at least four
times a day. %49
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Diagnosis of asthma +

Onset or
worsening/exacerbation of
symptoms after entering +
the worksite of interest or
after workplace exposure

Association between
symptoms and work

Worsening of FEV,, PEF, or a
combination of the two, or
hyperresponsiveness after

nonspecific bronchial challenge testing
during periods of work in comparison
with periods away from work

Workplace exposure to an
agent or conditions known
to cause asthma

Preexisting asthma or concurrent
asthma (i.e., asthma with onset
after entering the worksite of interest)

or

Positive response to specific
bronchial challenge testing

or

Onset of asthma symptoms after
exposure to irritants

Y

A

4

Worsening of FEV,, PEF, or a
combination of the two, or
hyperresponsiveness after nonspecific
bronchial challenge testing during
periods of work in comparison with
periods away from work

or

More frequent/more severe asthma
attacks, need for medication use,
or a combination of the two

Workplace exposure to an agent
or conditions known to cause
asthma exacerbation, with a

diagnosis of OA being excluded

v

OA

Probable OA

WEA

Figure 1. Algorithm for the diagnosis of work-related asthma. OA: occupational asthma; and WEA: work-exacerbated

asthma.

Spirometry and nonspecific bronchial
challenge testing

Spirometry and nonspecific bronchial challenge
testing play an essential role in the diagnosis of
asthma and can aid in confirming the impact of work
exposures on lung function. Although it is possible
to compare FEV, measurements before and after a
work shift, they are less accurate and more difficult to
perform than PEF measurements. In contrast, serial
measurements of bronchial hyperresponsiveness to
methacholine or histamine are useful diagnostic tools
for the investigation of WRA when performed during
periods of work and periods away from work.>) These
measurements are based on the hypothesis that
hyperresponsiveness is greater when workers are
exposed to the causative or exacerbating agent than
when they are not (for at least two weeks).>194) The
result is considered significant when more than twice
the concentration of the inhaled agent is needed to

cause a drop of 20% or more in FEV, during a period
away from work in comparison with a period of work.G%
Serial measurements of bronchial hyperresponsiveness
are moderately sensitive and specific for the diagnosis
of OA (48-67% and 54-78%, respectively) and can
aid in the diagnosis when PEF measurements are
inconclusive or when patients are unable to perform
the maneuvers/recordings correctly.¢7:3® Normal
results in workers away from exposure are not
sufficient to exclude the diagnosis.?) In symptomatic
workers exposed to the suspected causative agent, a
negative result practically rules out the diagnosis of
WRA, although the seasonal use of products in work
environments should be investigated.“") Exacerbating
factors such as cold air and exercise are less sensitive
to nonspecific bronchial challenge testing, exercise
testing and exposure to temperature variations
therefore being more appropriate, although the latter
is more feasible in the workplace than in health care
facilities.*>
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Figure 2. Daily means of serial PEF measurements: periods away from work and periods of work. The patient is a
40-year-old man who had been a carpenter for approximately 21 years. He presented with a 3-year history of progressive
rhinitis, dry cough, wheezing, and dyspnea, with attacks. He reported multiple emergency department visits, as well as
symptom improvement during periods away from work and with the use of bronchodilators.

Specific bronchial challenge testing

Specific bronchial challenge testing is considered
the gold standard for the diagnosis of OA; however,
it is difficult to standardize and must be performed in
specialized centers, as well as requiring specific test
kits, challenge chambers equipped with dosimeters,
and a 24-hour hospitalization. Because it is not widely
available,®”) its usefulness is limited.** Despite
its high sensitivity and specificity, false-negative
results can occur when individuals are exposed to
the wrong agent, when the concentration of the
exposure is inadequate, or when individuals are
away from exposure.”) Therefore, specific bronchial
challenge testing is recommended when other forms
of investigation are unavailable or when the diagnosis
remains uncertain.“>

Immunological tests

Immunological tests such as skin prick tests and
specific IgE measurements in blood samples can aid in
the diagnosis of sensitizer-induced OA by demonstrating
sensitization to an occupational agent. However, the
presence of sensitization alone is not sufficient to
establish a causal relationship between sensitization
and asthma.“® In addition, standardized tests are
currently available for only a few of the more than
400 known allergens, and the lack of standardization
limits the validity of the results.“® Skin prick tests for
common aeroallergens (house dust, mites, pollens)
can be performed to determine the presence of
atopy, which is associated with an increased risk of
sensitization to high-molecular-weight agents.G”
However, workers should not be denied a job on the
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basis of the results of skin prick tests performed during
pre-employment medical examination.

Inflammatory markers

Induced sputum cell counts can aid in the diagnosis
of OA. An increase in sputum eosinophils following
exposure to the causative agent at work in comparison
with measurements away from work (and vice
versa) is indicative of OA.(1%3) Diagnostic sensitivity
and specificity increase when an increased sputum
eosinophil count is associated with serial measurements
of nonspecific bronchial hyperresponsiveness“” or
serial PEF measurements during periods of work and
periods away from work. %) Although only a few studies
have examined inflammatory changes in individuals
with WEA following exposure to occupational agents
(predominantly sensitizers), sputum cell counts appear
to be useful in differentiating between OA and WEA.“*)
WEA is most commonly associated with no changes
in airway inflammation or with neutrophilic airway
inflammation, whereas sensitizer-induced OA is most
commonly associated with an eosinophilic phenotype.“*
An increase in sputum neutrophils has been reported
in individuals with OA caused by exposure to certain
low-molecular-weight agents and irritants such as
ozone, diesel exhaust particles, and endotoxins.®
Despite their diagnostic utility, induced sputum cell
counts are not widely available, and approximately
20% of individuals are unable to produce sputum
samples of adequate quality for analysis.%

Few studies have examined the utility of fractional
exhaled nitric oxide (FeNO) in the diagnosis of OA,
and the results have been inconsistent because



the specificity of FeENO measurements is low in
comparison with that of induced sputum cell counts.”:>
Increased FeNO levels might be related to exposure
to occupational sensitizers, most of which are high-
molecular-weight agents,*? although some are
low-molecular-weight agents, such as isocyanates.>%
Analysis of FeNO changes before and after exposure
to a sensitizer can be a useful alternative in patients
who are unable to produce adequate sputum samples
or perform serial PEF measurements. (72437

Analysis of exhaled breath condensate (EBC) is a
more recent noninvasive method for assessing airway
inflammation. In a study in which workers underwent
analysis of EBC before and after specific bronchial
challenge testing,** those suspected of having OA
showed a decrease of 0.4 units in EBC pH during
periods of work in comparison with periods away from
work, with high (90%) specificity for the diagnosis of
OA, despite low sensitivity. This preliminary finding
suggests that analysis of EBC could be incorporated
into the diagnostic workup of OA as an additional test
or as an alternative to other tests.(®

Differentiation between WEA and OA

OA and WEA are not mutually exclusive; an individual
with OA can develop WEA, and vice versa. It can be
challenging to differentiate between OA and WEA;
asthma present before occupational exposure is
not always sufficient to discriminate between the
two. 9 Immune-mediated OA can affect patients
with preexisting asthma (i.e., OA superimposed on
previous non-0OA), with workers becoming sensitized to
a specific agent (“de novo asthma”).(*> In patients with
sensitizer-induced OA, asthma exacerbation caused by
exposure to the original causative agent is considered
a recurrence of OA. However, workers with OA can
also develop asthma exacerbation caused by agents
in the workplace that are different from the causative
agent of OA.(*> Given that specific bronchial challenge
testing is performed in only a few centers and for a
minority of agents, the differentiation between OA
and WEA in clinical practice is based on a temporal
relationship between the onset of asthma symptoms
and occupational exposure.(*> Asthma symptoms
occurring before an occupational exposure and
aggravated by it are suggestive of WEA, provided that
the diagnosis of asthma is confirmed by an objective
measurement of lung function showing differences
between values obtained during periods of work and
those obtained during periods away from work.*%

With regard to the differentiation between WEA and
irritant-induced OA, it has been recommended that
reactive airway dysfunction syndrome be considered
only in individuals without preexisting asthma.®>
However, it has been suggested that acute exposure
to high levels of irritants can lead to recurrence
of previously quiescent asthma or worsening of
previously controlled asthma.®? There is debate as to
whether this accidental worsening of asthma should
be categorized as irritant-induced OA or a form of
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WEA. According to the European Academy of Allergy
and Clinical Immunology,*? irritant-induced OA is
asthma in complete remission (no symptoms and no
medication use for at least one year) before high-level
exposure to irritants, whereas WEA is asthma that is
clinically active before high-level exposure to irritants.

Differential diagnosis

The differential diagnosis of WRA should include
COPD, hypersensitivity pneumonitis, bronchitis,
eosinophilic bronchiolitis, and vocal cord dysfunction;
in addition, it should be borne in mind that these
conditions can coexist with asthma, albeit not
commonly.*®

Although WRA is diagnosed on the basis of objective
measurements to determine a causal relationship
between asthma symptoms and occupational exposure,
this is not always possible in clinical practice, either
because the required tests are not widely available
or because patients are not exposed at the time of
diagnosis. In a study conducted in the city of Sao
Paulo, Brazil, 50% of patients undergoing medical
evaluation were not working, either because they
had been dismissed or because they were on sick
leave in most cases.®*? In such cases, the diagnosis is
made on the basis of careful evaluation of the clinical
history and the workplace, as well as on the basis of
an understanding of the toxicology of the different
exposures.%°¢) Material safety data sheets are sources
of information that can help to identify workplace
exposures. Occupational hygienists and experienced
professionals can aid in establishing a diagnosis and
(temporarily or permanently) relocating workers to
unexposed areas/duties, when necessary.°22)

WRA PATIENT MANAGEMENT

Early diagnosis and complete removal of exposure to
the causative agent are the most effective interventions
for the prevention and treatment of WRA, (057
preventing disease progression and limitations in
work activities.*® Complete removal of exposure is
the recommended intervention for patients diagnosed
with sensitizer-induced OA. Depending on the severity
of asthma and the extent of exacerbating factors at
work, individuals experiencing WEA are often able
to maintain their jobs/positions after exposure to
relevant agents has been controlled/reduced, and
this can reduce the socioeconomic impact of work
absenteeism. % If complete removal of exposure
is not sufficient to prevent exacerbation of asthma
symptoms, workers should be relocated to unexposed
areas/duties.® In a systematic review conducted
in 2019,5% removal of exposure and reduction of
exposure were reported to improve asthma symptoms
when compared with continued exposure, although
only removal of exposure was found to improve lung
function.

Several studies suggest that WRA is associated
with increased rates of prolonged unemployment
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and reduced income, primarily in workers who are
completely removed from exposure; this is likely due
to the need for reassignment to other, less important,
jobs and the fact that such workers are often denied job
opportunities on the basis of pre-employment medical
examination results.®*8>% Therefore, an accurate
diagnosis is essential because of the socioeconomic
impact of OA.® Despite evidence of the importance
of early diagnosis, studies suggest that mean time
to diagnosis is two to four years after the onset of
symptoms, and delayed diagnosis/misdiagnosis can
lead to progressive worsening of symptoms.”

SOCIAL SECURITY ISSUES

A correct diagnosis of WRA is important because
it has implications for formally employed workers
regarding social security issues, given that diagnosed
cases of WRA must be reported to the Brazilian National
Institute of Social Security, even those in which a
medical leave of absence is not required. Notification
ensures paid medical leave (when applicable) and
monthly compensation until retirement in cases in
which the disease leads to a functional limitation,
a job/career change, or both.(®® In Brazil, workers
diagnosed with occupational or work-related disease

and on leave for more than 15 days are granted
one-year job stability by the social security system.

CHALLENGES IN DEVELOPING
COUNTRIES

Worldwide, WRA is underdiagnosed and ineffectively
managed, with patients being inadequately compensated
for disease-related losses. Epidemiological data on WRA
are scarce, and its impact on low- and middle-income
countries is likely underestimated.” Therefore, there is a
need to prioritize research into WRA in order to mitigate
the burden of WRA on the working population, the health
care system, and the social security system.Y Improved
characterization of WRA can aid in the identification of
high-risk industries and occupations, and, consequently,
in the creation and implementation of health surveillance
programs to establish preventive measures.* For
example, there is an urgent need for interventions to
improve the occupational safety of cleaners, including
replacing some cleaning products with less toxic products
and providing training on how to prepare and use cleaning
products safely.®? Social security and worker protection
systems need to be improved and employers need to
be held accountable to provide socioeconomic stability
to workers with WRA.
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