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Irritant-induced asthma (IIA) is a phenotype of asthma caused
by the inhalation of irritant agents. Definite, probable, or
possible IIA have been described, depending on the
concentration of the inhaled irritants and the onset of
respiratory symptoms respective to the time of exposure.
Definite IIA represents approximately 4% to 14% of all cases of
new-onset work-related asthma. Agents responsible for IIA can
be encountered as fumes, gases, aerosols, or dusts. The most
frequent are chlorine, nitrogen oxides, sulfur dioxide, ammonia,
acetic acid, solvents, and cleaning materials. Although the
diagnosis of definite IIA is based on a suggestive clinical history
along with evidence of reversible airflow limitation and/or
nonspecific bronchial hyperresponsiveness, possible IIA cannot
be diagnosed with certainty because the relationship between
exposure and the onset of symptoms is difficult to establish. This
article reviews the epidemiology, pathophysiology, diagnostic
approach, and management of IIA. � 2022 American Academy
of Allergy, Asthma & Immunology (J Allergy Clin Immunol
Pract 2022;10:2799-806)
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INTRODUCTION AND DEFINITIONS
In 1985, Stuart Brooks and colleagues1 described the occur-

rence of asthma-like symptoms in 10 previously healthy in-
dividuals within 24 hours of exposure to high levels of irritant
vapors, fumes, or smoke. They labeled this condition reactive
airways dysfunction syndrome (RADS) and proposed clinical
criteria for its diagnosis.

Since this first description, many cases of asthma induced by a
variety of exposures to different irritants agents have been re-
ported. In recent years, it has been recognized that RADS was
one phenotype of a broader condition called irritant-induced
asthma (IIA).
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The European Association of Allergy and Clinical Immu-
nology2 described three phenotypes of IIA according to the levels
and type of exposure to irritant agents.

Definite IIA relates to acute-onset IIA manifested by the rapid
onset of asthma within 24 hours of a single, very high-intensity
exposure to an irritant compound (similar to the original RADS
phenotype).

Probable IIA is the development of asthma after multiple
symptomatic moderate- to high-level exposures to irritants.

Possible IIA is the delayed development of asthma after
chronic or repeated exposure to low to moderate levels of irritant
substances. Possible IIA has been described based on epidemio-
logic findings.

Irritant-induced asthma is a difficult condition to study owing
to its acute nature and the often long delay between exposure and
the initial consultation. The literature describing this condition is
scarce and mainly consists of descriptive studies. The current
document is intended to help clinicians investigate and treat AII
according to current knowledge.
EPIDEMIOLOGY

There is scarce information on the burden of IIA in the
general population.3,4 Acute-onset IIA accounted for 4% to 14%
of all cases of new-onset work-related asthma reported to noti-
fication schemes of occupational respiratory diseases in various
countries worldwide.5-10 A follow-up study conducted among
participants in the European Community Respiratory Health
Survey documented that the incidence of self-reported symp-
tomatic acute inhalation was associated with an excess risk for
new-onset asthma (3.8%), compared with individuals without an
acute inhalation event (0.9%; risk ratio ¼ 3.33; 95% confidence
interval [CI], 1.00-11.13).11 However, reporting bias might have
affected these findings, because individuals with asthma-related
symptoms at the time of the baseline survey were more likely
to report inhalation incidents 9 years later.12 A similar study
conducted among participants in the European Community
Respiratory Health Survey in five Northern Europe countries
also found that a history of “accidental peak exposure to irritants”
was associated with an increased likelihood of physician-based
new-onset asthma in men (hazard ratio ¼ 2.4; 95% CI,
1.3-4.7),13 but the characteristics of these peak exposures were
not detailed. A cross-sectional questionnaire study of Estonian
adults revealed a significant association (odds ratio ¼ 1.88; 95%
CI, 1.48-2.37) between physician-based asthma and workplace
exposure to “low-to-moderate levels of irritants,” as assessed by
an asthma-specific job exposure matrix.14

A number of workforce surveys documented an increased
likelihood of adult-onset asthma among workers who experi-
enced repeated symptomatic accidental inhalation exposures
(gassings) to chlorine,15 ozone,16 and sulfur dioxide17 in various
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Abbreviations used

AHR- A
irway hyperresponsiveness
cysLTs- C
ysteinyl leukotrienes

ICS- In
haled corticosteroids

IIA- Ir
ritant-induced asthma
RADS- R
eactive airways dysfunction syndrome
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industries. Associations between chronic workplace exposure to
moderate levels of irritants and an increased risk for asthma were
reported among workers involved in welding, aluminum pro-
duction, wood manufacturing, and farming and dairy activities.4

The most convincing evidence supporting the role of chronic
moderate irritant exposures in the development of IIA was pro-
vided by epidemiologic studies of workers exposed to disinfectant
and cleaning products. Population and workforce-based studies
consistently reported an increased prevalence and incidence of
asthma among professional cleaners and health care workers,
although the precise causal exposures accounting for the
increased incidence of asthma in these workforces have not been
clarified.18,19 Some of these studies identified cleaning materials
that typically contain a mixture of chemicals with respiratory
irritant properties (eg, bleach, ammonia, degreasing sprays,
decalcifiers), but some ingredients such as quaternary ammo-
nium compounds may induce asthma through a presumably
sensitizing mechanism.20,21

Exposure to airborne dust and various pollutants after the
collapse of the World Trade Center (WTC) towers on
September 11, 2001 and during the recovery operations has been
associated with increased rates of new-onset asthma.22 The rate
of symptomatic asthma among WTC responders increased from
0.2% (95% CI, 0.1% to 0.2%) in 2000 to 8.2% (95% CI, 6.8%
to 9.8%) in 2005, and slightly decreased between 2005 and
2007 (7.8%; 95% CI, 6.9% to 8.7% for the latter).23 The age-
adjusted standardized morbidity ratio (1.7; 95% CI, 1.6-1.8) for
symptomatic asthma among WTC responders was elevated in
2002 to 2005 and did not change afterward. Compared with
2000 (before September 11, 2001), the risk for symptomatic
asthma was about 40-fold higher among WTC responders.

PATHOLOGY AND ANIMAL MODELS OF IIA
Case series have described pathologic changes in the airways at

different stages after exposure to inhaled irritants.24,25 After the
initial epithelial shedding accompanied by a fibrinohemorrhagic
exudate in the submucosa within 3 days after exposure, sub-
epithelial edema and signs of regeneration of the epithelial layer
with proliferation of basal and parabasal cells appeared within 2
months after exposure. In addition, bronchoalveolar lavage
revealed neutrophilia in the acute stage of acute IIA. Pathological
samples from subjects with IIA taken as long as 19 years after the
inhalation accident showed signs of airway remodeling with
increased thickness of the basement membrane and persistent
airway inflammation.26

Several experimental studies and case reports in both animal
models and humans have also explored the effects of chlorine
exposure on the respiratory system.27-30 Initial chlorine exposure
generally induces an influx of inflammatory cells such as neu-
trophils, lymphocytes, eosinophils, and macrophages into the
airways. In addition, epithelial apoptosis and necrosis and airway
hyperresponsiveness (AHR) can occur.30,31 Acute chlorine
exposure also induces epithelial cell damage in mouse models.31

Not only might exposure to chlorine induce direct oxidative
epithelium injury in mice, further damage may occur with the
migration and activation of inflammatory cells such as neutro-
phils within the airway epithelium, with the subsequent release
of reactive oxygen species and proteolytic enzymes. The release of
reactive oxygen species can contribute to airflow limitation and
airway hyperreactivity.32 Exposure to lower levels of chorine can
also be detrimental when airway epithelium is already damaged.
In a mouse model with airway epithelial damage, low-dose
chlorine exposure led to airway barrier impairment and the
development of airway hypersensitivity.33 This suggests that
airway epithelial damage may be a risk factor for developing IIA
in case of reexposure to irritant agents.

In addition to the production of reactive oxygen species,
chlorine exposure induces the production of cysteinyl leukotri-
enes in a concentration-dependent fashion.34 Furthermore, cys-
teinyl leukotriene-1 receptor modulates airway inflammation and
dysfunction after pulmonary oxidative injury caused by chlorine
inhalation.

Figure 1 proposes potential pathophysiologic mechanisms of
AII based on evidence from animal models.

These important observations have led to potential therapeutic
avenues tested in animal models. The administration of an
antioxidant after chlorine exposure mitigated the occurrence of
AHR or airway inflammation in mice. The metalloporphyrin
catalytic antioxidant AEOL10150 administered 1 and 9 hours
after chlorine exposure in mice limited the occurrence of AHR,
airway inflammation injury-induced airway epithelial cell
regeneration, and oxidative stress.35 Furthermore, administration
of the leukotriene receptor antagonist montelukast before chlo-
rine exposure prevented the occurrence of AHR and neutrophilic
airway inflammation induced by chlorine exposure in mice,
probably through IL-6edependent mechanisms.36 However,
these findings remain to be tested in humans. These studies were
performed after chlorine exposure. The efficacy of such treat-
ments after exposure to other types of irritants is uncertain. The
mechanisms of injuries induced by other types of irritants have
not been studied as deeply.
CAUSES AND RISK FACTORS
A wide variety of agents inhaled as fumes, gases, aerosols, or

dusts have been associated with the development of acute IIA (ie,
onset after a single exposure) and subacute IIA (ie, onset after
multiple exposures) in case reports and a few case series (Table
I).5,37-40 The most common agents involved in acute IIA were
chlorine, nitrogen oxide, sulfur dioxide, ammonia, acetic acid,
solvents, and cleaning materials.5,37,40 In a series of acute and
subacute IIA diagnosed at the Finnish Institute of Occupational
Health in 2000 to 2018, 57% of cases were attributable to
strongly acidic or alkaline chemicals.40 Medical surveillance of
rescue workers involved in the WTC disaster provided consistent
evidence that high levels of airborne alkaline dust (pH 9.5-11)
and products of combustion or pyrolysis were able to induce IIA
that developed insidiously over a few days to months after the
massive exposure.41,42

Although IIA refers to asthma caused by inhalation exposure
to agents that act as respiratory irritants in the absence of
immunologically mediated sensitization, lowemolecular weight
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FIGURE 1. Suspected pathophysiologic mechanisms of irritant-induced asthma (IIA). Chlorine exposure induces an influx of inflamma-
tory cells such as neutrophils, lymphocytes, eosinophils, and macrophages into the airways. It also induces epithelial cell damage.
Chlorine can induce direct oxidative epithelium injury, but further damage may also occur with migration and activation of inflammatory
cells such as neutrophils within the airway epithelium, with subsequent release of reactive oxygen species (ROS) and proteolytic en-
zymes. In addition to the production of ROS, chlorine exposure induces the production of cysteinyl leukotrienes (cysLTs). ECP, eosinophilic
cationic protein; MBP, major basic protein; MPO, myeloperoxidase; NK, neurokinins; SP, substance P.
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chemicals with a known sensitizing potential have been docu-
mented to cause acute IIA.37,43

Typically, exposures leading to acute IIA are caused by spills of
volatile compounds, the accidental release of chemicals under
pressure, overheating of materials, accidental fire with the release
of complex mixtures of thermal degradation products, and
mixing cleaning products.40,44-46 The effects of these exposures
are often amplified by reduced ventilation in a confined space.
Interestingly, the Finnish study mentioned earlier found that
acute IIA occurred after inhalation accidents at work in many
different types of occupations and resulted mainly from a lack of
information and insufficient guidance of the workers, whereas
subacute IIA occurred predominantly among industrial operators
and maintenance workers performing their usual work tasks
under poor work hygiene conditions.40

Conceivably, the airway response to irritants is determined by
the intensity and duration of exposure, the physicochemical
properties of inhaled agents (eg, the vapor pressure and solubil-
ity), the intrinsic chemical reactivity of the substance, and host
susceptibility.46 Water-soluble compounds and particles with an
aerodynamic diameter of more than 5 mm are predominantly
deposited in the upper airways, whereas water-insoluble agents
and particles of 0.5 to 5 mm can reach the distal airways.
However, the environmental and host factors that determine the
initiation and persistence of IIA remain largely uncertain because
most reports of IIA lack quantitative assessment of the causal
exposure. Qualitative assessment of exposure to a spill of acetic
acid by industrial hygienists provided evidence of a
doseeresponse relationship between the level of exposure and the
prevalence of AHR.47 Also, rescue workers involved in the WTC
disaster who were highly exposed (ie, within 2 hours of collapse)
were 6.8 times more likely (95% CI, 1.8-25.2) than were
moderately exposed workers to exhibit AHR 6 months after the
collapse and 19 times more likely to experience respiratory
symptoms in conjunction with AHR (95% CI, 4.8-76.1).42 A
follow-up survey of pulp mill workers repeatedly exposed to high
levels of chlorine found that the severity of gassing incidents, as
evidenced by hospital emergency room visits, was a more sig-
nificant risk factor for the persistence of AHR than was the
number of incidents.48

On the other hand, host factors, such as smoking and atopy,
have not been consistently associated with the development and
persistence of acute and subacute IIA.42,47-50
CLINICAL EVALUATION

Inhalation of a high concentration of irritant agents causes the
occurrence of sudden respiratory symptoms (eg, dyspnea, cough,
wheezing, chest tightness) typically within 24 hours of exposure,
as originally described by Brooks et al.1 Coughing is usually the
most prominent symptom reported by patients. Eight percent of
firefighters who arrived at the scene during the collapse of the
WTC towers on September 11, 2001 developed a severe and
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persistent cough.41 This observation was confirmed in a recent
retrospective Finnish study.51

Some subjects exposed to a high concentration of irritant
agents also report a burning sensation in the throat and or nose,
described as reactive upper airway dysfunction syndrome.52 In
contrast, subjects exposed to repetitive lower concentrations of
irritant exposures may be unaware of the multiple exposures and
may report episodic symptoms not precisely linked to known
exposures. Conjunctivitis, pharyngeal erythema, tearing,
tachypnea, and wheezing have been documented after acute
exposures to irritant agents.48,53

The assessment of a patient suspected of having IIA should
include a thorough clinical history including the time of onset of
respiratory symptoms respective to the occurrence of the acute
exposure, especially when the assessment takes place weeks or
months after the initial exposure.

Although a chest radiograph is often performed to investigate
potential noncardiogenic pulmonary edema, pneumonia, or
other causes of dyspnea, it is not normally useful to diagnose IIA.
Although high-resolution computed tomography is not required
to make a diagnosis of IIA, high-resolution computed tomog-
raphy obtained in 29 symptomatic rescue and recovery workers
at the WTC site showed air trapping, based on a mosaic pattern
on the end-expiratory images in 25 of these workers.54

Laboratory testing is not contributive to diagnose IIA, but a
complete and differential blood cell count may be helpful to
discard other diagnoses in a patient reporting sudden dyspnea.

Spirometry pre-administration and post-administration of
bronchodilators should be performed to document airflow lim-
itation and assess its reversibility. Airway obstruction is generally
less reversible in acute IIA compared with asthma.55 A restrictive
pattern that is likely to represent a manifestation of a small-
airway disease has also been observed.54,56
In case of a normal spirometry, airway responsiveness should
be assessed by a methacholine or histamine inhalation challenge
test, especially in patients who are seen weeks or months after the
initial exposure.

Fractional exhaled nitric oxide is not increased months after
diagnosis of IIA,51 but it has not been measured immediately
after the occurrence of the offending exposure.

Specific inhalation challenges are not useful for diagnosing IIA
because this is not an allergic disorder that causes the disease.
However, some agents such as isocyanates have both irritant and
sensitizing properties. Some patients exposed to high concen-
trations of isocyanates developed both RADS and occupational
asthma (OA) to those agents.57 In such instances, specific
inhalation challenges may be conducted to diagnose OA. Table
II summarizes the diagnostic tests used to diagnose IIA.

The diagnosis of acute-onset IIA is based on the combination
of a suggestive exposure history, a suggestive time course of
symptom onset respective to the occurrence of exposure, and
evidence of reversible airflow limitation and/or nonspecific
bronchial hyperresponsiveness in the absence of an alternative
diagnosis. Criteria originally published by Brooks et al1 were
adapted by the European Association of Allergy and Clinical
Immunology in 2014 (Table III).

Probable IIA is more difficult to diagnose because often no
single exposure is responsible for the occurrence of respiratory
symptoms. Therefore, the relationship between multiple expo-
sures and the onset of symptoms is more difficult to establish.
However, a history of multiple exposures to irritant agents
combined with the presence of asthma-like symptoms, and the
presence of reversible airway limitation and/or hyper-
responsiveness are suggestive of the diagnosis.

Possible IIA can be suspected, but the relationship between
exposure and the onset of symptoms is difficult to establish.



TABLE I. Examples of exposures involved in acute and subacute irritant-induced asthma

Chemical category Examples of chemicals

Inorganic gases Chlorine (eg, pulp mills or released by mixing sodium hypochlorite with acids), chloramines released by mixing sodium
hypochlorite with ammonia, sulfur dioxide, nitrogen oxides, ozone

Inorganic acids (Per)acetic (disinfectant), sulfuric, hydrochloric, hydrofluoric (thermal degradation product of fluorinated hydrocarbons), and
hydrobromic acids

Inorganic alkali Ammonia, sodium hydroxide, hydrazine

Inorganic dusts Calcium oxide (lime) and cement (eg, World Trade Center dust)

Halogenated
derivatives

Bromochlorodifluoromethane (fire extinguisher), heated fluorinated hydrocarbons (cooling agents; thermal degradation into
hydrofluoric acid), orthochlorobenzylidene malononitrile (tear gas)

Solvents Perchloroethylene

Fumes Diesel exhaust, fire smoke, paint and urea fumes, fumes of iodine and aluminium iodide, dimethylaminoethanol (corrosion
inhibitor)

Mixtures of chemicals Cleaning agents (bleach, ammonia, detergents, degreasing sprays, decalcifiers, disinfectants)

Potential respiratory
sensitizers

Isocyanates (eg, thermal degradation of polyurethane insulation materials), aldehydes, phthalic anhydride

TABLE II. Diagnostic tests to conduct in patient suspected of having IIA

Diagnostic tests Results

Chest x-rays Not contributive to diagnosis of IIA but can discard other diseases

High-resolution computed tomography Not contributive to diagnosis of IIA but may be useful to discard other disease. Can show mosaic pattern
in end-expiratory images in IIA

Complete blood count Not contributive for diagnosis of IIA but can discard other diseases

Spirometry pre- and post-bronchodilator Reversible airflow limitation. Restrictive pattern in some cases

Methacholine inhalation challenge test Airway hyperresponsiveness

Specific inhalation challenges Not contributive to diagnosis of IIA but can be useful to diagnose occupational asthma in patients exposed
to agents with both irritant and sensitizing properties

IIA, irritant-induced asthma.
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Epidemiologic studies have identified occupations with an
increased risk for asthma, such as cleaners58 or pulp mill
workers.59 Although these studies can be used to support a
diagnosis of IIA in a patient with similar exposures, dis-
tinguishing IIA caused by repeated moderate- or low-level ex-
posures from coincidental nonework related asthma is difficult
and often impossible in clinical practice. Figure 2 shows the
diagnostic approach for IIA.
OUTCOME
There is still limited information on the outcome of acute

inhalation incidents. Malo et al60 evaluated changes in AHR in
51 pulp mill workers who had experienced a symptomatic
chlorine gassing episode. Twenty-nine of these workers (57%)
showed significant AHR 1.5 to 2 years after the inhalation
incident.48 Reevaluation 1 year later of 18 of the 29 subjects with
AHR at initial assessment revealed that six (33%) showed sig-
nificant improvement in AHR, including five subjects for whom
the level of airway responsiveness to methacholine was no longer
in the asthmatic range.60 These data indicated that AHR can
improve and even resolve over a few years after an acute symp-
tomatic inhalation accident. However, a recent retrospective
study of 69 workers with the diagnosis of acute (n ¼ 30) or
subacute (n ¼ 39) IIA at the Finnish Institute of Occupational
Health51 showed that the short-term outcome of IIA evaluated 6
to 8 months after the diagnosis was worse than that of subjects
with sensitizer-induced OA. At the follow-up assessment, 68% of
subjects received high-level treatment (ie, Global Initiative for
Asthma step 4 or 5), 30% used a short-acting b2-agonist daily,
and 24% reported at least one severe exacerbation since the
initial evaluation. Compared with sensitizer-induced OA, those
with IIA exhibited poorer asthma control, as evidenced by an
Asthma Control Test score of 19 or less (odds ratio [OR] ¼ 3.94;
95% CI, 1.50-10.35) as well as higher rates of high-level treat-
ment (OR ¼ 2.24; 95% CI, 1.16-4.33) and exacerbations
(OR ¼ 4.22; 95% CI, 1.67-10.67). Interestingly, the outcomes
of acute and subacute IIA were similar, but acute IIA was asso-
ciated with a higher risk for severe exacerbations (OR ¼ 11.68;
95% CI, 2.62-52.08).

The long-term outcome of acute-onset IIA was investigated in
35 subjects reassessed at a mean interval of 14 years (range, 4-24
years) after the onset of IIA.61 At follow-up, all subjects reported
respiratory symptoms and 68% were treated with inhaled cor-
ticosteroids (ICS). Airway hyperresponsiveness persisted in about
three-quarters of subjects, although it was improved in 39%.
Airway obstruction was not significantly improved; mean FEV1

was 74.5% of predicted value at baseline and 69.5% at follow-
up. Only 17% of subjects recovered from asthma with normal
spirometry and AHR at follow-up. Notably, sputum eosinophilia
greater than 2% was documented in 22% of subjects. These
findings indicate that the long-term functional outcome of acute-
onset IIA is similar to what has been described in subjects with
sensitizer-induced OA after cessation of exposure to the causal
agent.62

Longitudinal studies of WTC rescue and recovery workers
have provided new insights into the functional outcome after
massive exposures to a complex mixture of dusts and combustion



TABLE III. Diagnostic criteria for diagnosing acute-onset irritant-induced asthma

Absence of preexisting asthma symptomatology

Onset of asthma symptoms after single specific inhalational exposure or accident

Presence of airflow limitation with significant bronchodilator response or nonspecific bronchial hyperresponsiveness to histamine or methacholine

Exposure to irritant vapor, gas, fume, or smoke at very high concentration

Onset of asthma symptoms within minutes to hours and <24 h after exposure

Exclusion of other pulmonary disorders that can explain symptoms or simulate asthma
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products. Six months after the WTC disaster, AHR persisted in
55% of rescue workers who showed AHR at assessments per-
formed 1 or 3 months after the collapse.42 Aldrich et al63 con-
ducted a follow-up study of 173 firefighters with normal
spirometry and no asthma history before the WTC terrorist at-
tacks who had completed a methacholine challenge test within 2
years after the event. Significant AHR was documented in 16%
of participants at baseline assessment in 2001 to 2003 and per-
sisted in 57% of them at follow-up in 2013 to 2014. Airway
hyperresponsiveness at follow-up was associated with an esti-
mated 15.4 mL/y greater FEV1 decline compared with rescue
workers without AHR at follow-up.
MANAGEMENT OF ACUTE-ONSET IIA

Published data on the management of IIA are scarce, mainly
related to case reports of acute-onset IIA. Emergency treatment
might require inhaled b2-agonists, systemic and/or ICS, and
oxygen, depending on the severity at the time of the incident.
Once the acute phase has been managed appropriately, subjects
should be assessed as early as possible to determine the presence
of airflow limitation and/or AHR. Subjects with persistent
asthma should be treated according to current clinical practice
guidelines. It is unclear whether some subgroups of patients such
as smokers or patients with childhood asthma who experience
AII should be managed differently. The current management is
based on changes in respiratory function along with the symp-
toms experienced by patients.

Based on animal studies and a few case reports,25,64 it seems
that treatment with systemic and/or inhaled steroids after the
accident is beneficial, but the optimal pharmacologic treatment
of IIA has not been assessed by clinical trials. Instead, it was
developed according to a pragmatic approach proposed by expert
clinicians. Subjects with IIA seem to require more asthma
medications than do those with OA.51

Pharmacologic treatment of IIA

Bronchodilators. b2-Agonists or anticholinergic agents are
usually administered to patients with airflow limitation based on
the severity of symptoms.

Systemic corticosteroids. Systemic corticosteroids have
been administered to patients presenting with acute IIA with
moderate to severe symptoms. Although this approach has not
been validated in clinical trials, animal model data have shown
improvement in lung resistance and hyperresponsiveness after a
week of treatment given after acute exposure.64

Inhaled corticosteroids. Inhaled corticosteroids have been
proposed in patients who have a documented irritant exposure
with mild initial symptoms and mild airflow limitation.
Normalization of AHR was reported after treatment with ICS in
subjects exposed to chlorine.25

The optimal dose of ICS has not been determined. It is
usually based on the symptoms of patients, their functional
impairment, and their response to treatment. The weaning of
ICS depends on the evolution and may require long-term ther-
apy. The timing of ICS initiation had no effect on asthma
outcomes or lung function parameters in the Finnish cohort of
acute and subacute IIA.51 In a follow-up study of WTC fire-
fighters, corticosteroid therapy was associated with an estimated
13-mL/y lower FEV1 decline over the follow-up but did not
affect the change in AHR.63

Leukotriene receptor antagonists. A mouse study
showed that pretreatment with montelukast, a leukotriene re-
ceptor antagonist, prevented the occurrence of AHR and the
increase in pulmonary neutrophilia and eosinophilia after expo-
sure to chlorine.36 However, this effect has not been investigated
in humans or reported in subjects with IIA. Furthermore,
montelukast has not been tested with other types of irritant
agents besides chlorine.

Nonpharmacologic management
Patients with IIA who are not sensitized to workplace agents

often can continue to work in the same environment with
appropriate pharmacologic treatment, measures to prevent
further high-level exposure to irritants, and regular medical
assessment, including measurements of AHR.65

The management of IIA should also address potentially
associated disorders, such as chronic rhinitis (ie, reactive upper
airways dysfunction syndrome),66 vocal cord dysfunction,67

perceived intolerance to multiple chemicals, and posttraumatic
stress disorder,22,68,69 which can result from accidental exposure
to irritant substances, enhance the clinical expression of respi-
ratory symptoms, and complicate the medical management.

PREVENTION
The primary prevention of acute IIA relies mainly on the

correct labeling and hazard statement of potentially irritant
agents as well as the education of workers to ensure under-
standing of potential irritant exposure, safe handling, and mixing
of chemicals, the appropriate use of personal protective equip-
ment, and measures to be taken in the event of an accident at
work. When an accidental exposure has occurred, it is important
to investigate the reasons for the event and to implement mea-
sures to prevent a further similar accident.

Prevention of subacute IIA implies eliminating airborne
irritant products when possible and controlling exposures to
safe levels by occupational hygiene measures such as contain-
ment, adequate ventilation, exposure level monitoring with alarm
systems, and use of respiratory protective equipment. The



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 11

LEMIERE ETAL 2805
potency of airborne sensory irritants can be quantified through a
computerized, reproducible test based on changes in respiratory
pattern induced by increasing concentrations of chemical irri-
tants in nonanesthetized mice that may help to determine
occupational exposure limits in humans.70
CONCLUSION
Irritant-induced asthma is a condition that is probably over-

looked. Although epidemiologic studies clearly show that chronic
exposure to low doses of irritant agents causes an excess of
incident asthma cases, attributing the causality of those cases to
the occupational environment with certainty is almost impossible
in clinical practice.

Many questions remain unanswered. The optimal treatment
of AII has not been identified. Although ICS seems to be
beneficial, no clinical trial has compared this treatment with
placebo. The effects of antioxidants or leukotriene receptor an-
tagonists after acute exposure to irritant agents have not been
studied in humans. Whether employing biomarkers after expo-
sure to a high concentration of irritants may be useful to choose
the best treatment has not been studied. Future research,
although challenging to undertake, will have to focus on these
issues.

REFERENCES

1. Brooks S, Weiss M, Bernstein I. Reactive airways dysfunction syndrome
(RADS). Persistent asthma syndrome after high level irritant exposures. Chest
1985;88:376-84.

2. Vandenplas O, Wiszniewska M, Raulf M, de Blay F, van Wijk RG, Moscato G,
et al. EAACI position paper: irritant-induced asthma. Allergy 2014;69:1141-53.

3. Casas L, Nemery B. Irritants and asthma. Eur Respir J 2014;44:562-4.
4. Dumas O, Le Moual N. Do chronic workplace irritant exposures cause asthma?

Curr Opin Allergy Clin Immunol 2016;16:75-85.
5. Henneberger PK, Derk SJ, Davis L, Tumpowsky C, Reilly MJ, Rosenman KD,

et al. Work-related reactive airways dysfunction syndrome cases from surveil-
lance in selected US states. J Occup Environ Med 2003;45:360-8.

6. Vandenplas O, Larbanois A, Bugli C, Kempeneers E, Nemery B. The epide-
miology of occupational asthma in Belgium [in French]. Rev Mal Respir 2005;
22:421-30.

7. Orriols R, Isidro I, Abu-Shams K, Costa R, Boldu J, Rego G, et al. Reported
occupational respiratory diseases in three Spanish regions. Am J Ind Med 2010;
53:922-30.

8. Ameille J, Hamelin K, Andujar P, Bensefa-Colas L, Bonneterre V, Dupas D,
et al. Occupational asthma and occupational rhinitis: the united airways disease
model revisited. Occup Environ Med 2013;70:471-5.

9. Kwon S-C, Song J, Kim Y-K, Calvert GM. Work-related asthma in Korea -
Findings from the Korea Work-Related Asthma Surveillance (KOWAS) pro-
gram, 2004-2009. Allergy Asthma Immunol Res 2015;7:51-9.

10. Reilly MJ, Wang L, Rosenman KD. The burden of work-related asthma in
Michigan, 1988-2018. Ann Am Thorac Soc 2020;17:284-92.

11. Kogevinas M, Zock JP, Jarvis D, Kromhout H, Lillienberg L, Plana E, et al.
Exposure to substances in the workplace and new-onset asthma: an international
prospective population-based study (ECRHS-II). Lancet 2007;370:336-41.

12. Mirabelli MC, Olivieri M, Kromhout H, Norback D, Radon K, Toren K, et al.
Inhalation incidents and respiratory health: results from the European Com-
munity Respiratory Health Survey. Am J Ind Med 2009;52:17-24.

13. Lillienberg L, Andersson E, Janson C, Dahlman-Hoglund A, Forsberg B,
Holm M, et al. Occupational exposure and new-onset asthma in a population-
based study in Northern Europe (RHINE). Ann Occup Hyg 2013;57:482-92.

14. Dumas O, Laurent E, Bousquet J, Metspalu A, Milani L, Kauffmann F, et al.
Occupational irritants and asthma: an Estonian cross-sectional study of 34,000
adults. Eur Respir J 2014;44:647-56.

15. Gautrin D, Leroyer C, Infante-Rivard C, Ghezzo H, Dufour J, Girard D, et al.
Longitudinal assessment of airway caliber and responsiveness in workers
exposed to chlorine. Am J Respir Crit Care Med 1999;160:1232-7.

16. Olin AC, Andersson E, Andersson M, Granung G, Hagberg S, Toren K.
Prevalence of asthma and exhaled nitric oxide are increased in bleachery
workers exposed to ozone. Eur Respir J 2004;23:87-92.
17. Andersson E, Knutsson A, Hagberg S, Nilsson T, Karlsson B, Alfredsson L,
et al. Incidence of asthma among workers exposed to sulphur dioxide and other
irritant gases. Eur Respir J 2006;27:720-5.

18. De Matteis S, Ronsmans S, Nemery B. Respiratory health effects of exposure to
cleaning products. Clin Chest Med 2020;41:641-50.

19. Dumas O. Cleaners and airway diseases. Curr Opin Allergy Clin Immunol 2021;
21:101-9.

20. Gonzalez M, Jegu J, Kopferschmitt MC, Donnay C, Hedelin G, Matzinger F,
et al. Asthma among workers in healthcare settings: role of disinfection with
quaternary ammonium compounds. Clin Exp Allergy 2014;44:393-406.

21. Migueres N, Debaille C, Walusiak-Skorupa J, Lipinska-Ojrzanowska A,
Munoz X, van Kampen V, et al. Occupational asthma caused by quaternary
ammonium compounds: a multicenter cohort study. J Allergy Clin Immunol
Pract 2021;9:3387-95.

22. Brackbill RM, Hadler JL, DiGrande L, Ekenga CC, Farfel MR, Friedman S,
et al. Asthma and posttraumatic stress symptoms 5 to 6 years following expo-
sure to the World Trade Center terrorist attack. JAMA 2009;302:502-16.

23. Kim H, Herbert R, Landrigan P, Markowitz SB, Moline JM, Savitz DA, et al.
Increased rates of asthma among World Trade Center disaster responders. Am J
Ind Med 2012;55:44-53.

24. Lemière C, Malo J, Boulet L, Boutet M. Reactive airways dysfunction syn-
drome induced by exposure to a mixture containing isocyanate: functional and
histopathologic behaviour. Allergy 1996;51:262-5.

25. Lemière C, Malo J, Boutet M. Reactive airways dysfunction syndrome due to
chlorine: sequential bronchial biopsies and functional assessment. Eur Respir J
1997;10:241-4.

26. Takeda N, Maghni K, Daigle S, L’Archeveque J, Castellanos L, Al-Ramli W,
et al. Long-term pathologic consequences of acute irritant-induced asthma.
J Allergy Clin Immunol 2009;124:975-981.e1.

27. Morris JB, Wilkie WS, Shusterman DJ. Acute respiratory responses of the
mouse to chlorine. Toxicol Sci 2005;83:380-7.

28. Rotman HH, Fliegelman MJ, Moore T, Smith RG, Anglen DM, Kowalski CJ,
et al. Effects of low concentrations of chlorine on pulmonary function in
humans. J Appl Physiol Respir Environ Exerc Physiol 1983;54:1120-4.

29. Das R, Blanc P. Chlorine gas exposure and the lung: a review. Toxicol Ind
Health 1993;9:439-55.

30. Yildirim C, Kocoglu H, Goksu S, Cengiz B, Sari I, Bagci C. Long-term pul-
monary histopathologic changes in rats following acute experimental exposure
to chlorine gas. Inhal Toxicol 2004;16:911-5.

31. Tuck SA, Ramos-Barbon D, Campbell H, McGovern T, Karmouty-Quintana H,
Martin JG. Time course of airway remodelling after an acute chlorine gas
exposure in mice. Respir Res 2008;9:61.

32. McGovern TK, Goldberger M, Allard B, Farahnak S, Hamamoto Y,
O’Sullivan M, et al. Neutrophils mediate airway hyperresponsiveness after
chlorine-induced airway injury in the mouse. Am J Respir Cell Mol Biol 2015;
52:513-22.

33. Van Den Broucke S, Pollaris L, Vande Velde G, Verbeken E, Nemery B,
Vanoirbeek J, et al. Irritant-induced asthma to hypochlorite in mice due to
impairment of the airway barrier. Arch Toxicol 2018;92:1551-61.

34. McGovern T, Goldberger M, Chen M, Allard B, Hamamoto Y, Kanaoka Y,
et al. CysLT1 receptor is protective against oxidative stress in a model of
irritant-induced asthma. J Immunol 2016;197:266-77.

35. McGovern T, Day BJ, White CW, Powell WS, Martin JG. AEOL10150: a novel
therapeutic for rescue treatment after toxic gas lung injury. Free Radic Biol Med
2011;50:602-8.

36. Hamamoto Y, Ano S, Allard B, O’Sullivan M, McGovern TK, Martin JG.
Montelukast reduces inhaled chlorine triggered airway hyperresponsiveness and
airway inflammation in the mouse. Br J Pharmacol 2017;174:3346-58.

37. Shakeri MS, Dick FD, Ayres JG. Which agents cause reactive airways
dysfunction syndrome (RADS)? A systematic review. Occup Med (Lond) 2008;
58:205-11.

38. Baur X. A compendium of causative agents of occupational asthma. J Occup
Med Toxicol 2013;8:15.

39. Rosenman KD, Beckett WS. Web based listing of agents associated with new
onset work-related asthma. Respir Med 2015;109:625-31.

40. Lindstrom I, Lantto J, Karvala K, Soini S, Ylinen K, Suojalehto H, et al. Oc-
cupations and exposure events in acute and subacute irritant-induced asthma.
Occup Environ Med 2021;78:793-800.

41. Prezant DJ, Weiden M, Banauch GI, McGuinness G, Rom WN, Aldrich TK,
et al. Cough and bronchial responsiveness in firefighters at the World Trade
Center site. N Engl J Med 2002;347:806-15.

42. Banauch GI, Alleyne D, Sanchez R, Olender K, Cohen HW, Weiden M, et al.
Persistent hyperreactivity and reactive airway dysfunction in firefighters at the
World Trade Center. Am J Respir Crit Care Med 2003;168:54-62.

http://refhub.elsevier.com/S2213-2198(22)00694-8/sref1
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref1
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref1
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref2
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref2
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref3
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref4
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref4
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref5
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref5
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref5
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref6
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref6
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref6
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref7
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref7
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref7
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref8
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref8
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref8
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref9
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref9
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref9
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref10
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref10
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref11
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref11
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref11
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref12
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref12
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref12
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref13
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref13
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref13
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref14
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref14
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref14
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref15
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref15
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref15
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref16
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref16
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref16
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref17
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref17
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref17
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref18
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref18
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref19
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref19
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref20
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref20
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref20
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref21
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref21
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref21
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref21
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref22
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref22
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref22
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref23
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref23
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref23
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref24
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref24
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref24
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref25
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref25
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref25
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref26
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref26
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref26
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref27
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref27
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref28
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref28
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref28
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref29
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref29
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref30
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref30
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref30
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref31
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref31
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref31
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref32
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref32
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref32
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref32
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref33
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref33
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref33
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref34
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref34
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref34
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref35
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref35
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref35
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref36
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref36
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref36
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref37
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref37
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref37
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref38
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref38
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref39
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref39
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref40
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref40
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref40
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref41
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref41
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref41
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref42
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref42
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref42


J ALLERGY CLIN IMMUNOL PRACT
NOVEMBER 2022

2806 LEMIERE ETAL
43. Vandenplas O, Fievez P, Delwiche JP, Boulanger J, Thimpont J. Persistent
asthma following accidental exposure to formaldehyde. Allergy 2004;59:115-6.

44. Sallie B, McDonald C. Inhalation accidents reported to the SWORD surveil-
lance project 1990-1993. Ann Occup Hyg 1996;40:211-21.

45. Kogevinas M, Anto JM, Sunyer J, Tobias A, Kromhout H, Burney P. Occu-
pational asthma in Europe and other industrialised areas: a population-based
study. European Community Respiratory Health Survey Study Group. Lancet
1999;353:1750-4.

46. Brooks SM, Bernstein IL. Irritant-induced airway disorders. Immunol Allergy
Clin North Am 2011;31:747-68. vi.

47. Kern DG. Outbreak of the reactive airways dysfunction syndrome after a spill of
glacial acetic acid. Am Rev Respir Dis 1991;144:1058-64.

48. Bhérer L, Cushman R, Courteau J, Quévillon M, Côté G, Bourbeau J, et al.
Survey of construction workers repeatedly exposed to chlorine over a three to
six month period in a pulpmill: II. Follow up of affected workers by ques-
tionnaire, spirometry, and assessment of bronchial responsiveness 18 to 24
months after exposure ended. Occup Environ Med 1994;51:225-8.

49. de la Hoz RE, Shohet MR, Wisnivesky JP, Bienenfeld LA, Afilaka AA,
Herbert R. Atopy and upper and lower airway disease among former World
Trade Center workers and volunteers. J Occup Environ Med 2009;51:992-5.

50. Rojano B, West E, Ferdermann E, Markowitz S, Harrison D, Crowley L, et al.
Allergen sensitization and asthma outcomes among World Trade Center rescue
and recovery workers. Int J Environ Res Public Health 2019;16:737.

51. Lantto J, Suojalehto H, Karvala K, Remes J, Soini S, Suuronen K, et al. Clinical
characteristics of irritant-induced occupational asthma. J Allergy Clin Immunol
Pract 2022;10:1554-1561.e7.

52. Meggs W. RADS and RUDS-The toxic induction of asthma and rhinitis.
J Toxicol Clin Toxicol 1994;32:487-501.

53. Cone J, Wugofski L, Balmes J, Das R, Bowler R, Alexeef G, et al. Persistent res-
piratory health effects after a metam sodium pesticide spill. Chest 1994;106:500-8.

54. Mendelson DS, Roggeveen M, Levin SM, Herbert R, de la Hoz RE. Air trap-
ping detected on end-expiratory high-resolution computed tomography in
symptomatic World Trade Center rescue and recovery workers. J Occup En-
viron Med 2007;49:840-5.

55. Gautrin D, Leroyer C, L’Archevèque J, Dufour J, Girard D, Malo J. Cross-
sectional assessment of workers with repeated exposure to chlorine over a three
year period. Eur Respir J 1995;8:2046-54.

56. Mauer MP, Herdt-Losavio ML, Carlson GA. Asthma and lower respiratory
symptoms in New York State employees who responded to the World Trade
Center disaster. Int Arch Occup Environ Health 2010;83:21-7.
57. Leroyer C, Perfetti L, Cartier A, Malo J. Can reactive airways dysfunction
syndrome (RADS) transform into occupational asthma due to "sensitisation" to
isocyanates? Thorax 1998;53:152-3.

58. Karjalainen A, Martikainen R, Karjalainen J, Klaukka T, Kurppa K. Excess
incidence of asthma among Finnish cleaners employed in different industries.
Eur Respir J 2002;19:90-5.

59. Andersson E, Olin A, Hagberg S, Nilsson R, Nilsson T, Toren K. Adult-onset
asthma and wheeze among irritant-exposed bleachery workers. Am J Ind Med
2003;43:532-8.

60. Malo JL, Cartier A, Boulet LP, L’Archeveque J, Saint-Denis F, Bherer L, et al.
Bronchial hyperresponsiveness can improve while spirometry plateaus two to
three years after repeated exposure to chlorine causing respiratory symptoms.
Am J Respir Crit Care Med 1994;150:1142-5.

61. Malo JL, L’Archeveque J, Castellanos L, Lavoie K, Ghezzo H, Maghni K.
Long-term outcomes of acute irritant-induced asthma. Am J Respir Crit Care
Med 2009;179:923-8.

62. Cullinan P, Vandenplas O, Bernstein D. Assessment and management of
occupational Asthma. J Allergy Clin Immunol Pract 2020;8:3264-75.

63. Aldrich TK, Weakley J, Dhar S, Hall CB, Crosse T, Banauch GI, et al. Bron-
chial reactivity and lung function after World Trade Center exposure. Chest
2016;150:1333-40.

64. Demnati R, Fraser R, Martin JG, Plaa G, Malo JL. Effects of dexamethasone on
functional and pathological changes in rat bronchi caused by high acute expo-
sure to chlorine. Toxicol Sci 1998;45:242-6.

65. Tarlo SM. Workplace irritant exposures: do they produce true occupational
asthma? Ann Allergy Asthma Immunol 2003;90(5 suppl 2):19-23.

66. Vandenplas O, Hox V, Bernstein D. Occupational rhinitis. J Allergy Clin
Immunol Pract 2020;8:3311-21.

67. Hoy RF, Ribeiro M, Anderson J, Tarlo SM. Work-associated irritable larynx
syndrome. Occup Med (Lond) 2010;60:546-51.

68. de la Hoz RE, Jeon Y, Miller GE, Wisnivesky JP, Celedon JC. Post-traumatic
stress disorder, bronchodilator response, and incident asthma in World Trade
Center rescue and recovery workers. Am J Respir Crit Care Med 2016;194:
1383-91.

69. Wisnivesky JP, Becker JH, Ankam J, Markowitz SB, Doernberg M, Dickens B,
et al. The relationship between post-traumatic stress disorder and self-
management behaviors in World Trade Center workers with asthma.
J Allergy Clin Immunol Pract 2022;10:242-9.

70. Nielsen GD, Wolkoff P, Alarie Y. Sensory irritation: risk assessment ap-
proaches. Regul Toxicol Pharmacol 2007;48:6-18.

http://refhub.elsevier.com/S2213-2198(22)00694-8/sref43
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref43
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref44
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref44
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref45
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref45
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref45
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref45
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref46
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref46
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref47
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref47
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref48
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref48
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref48
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref48
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref48
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref49
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref49
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref49
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref50
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref50
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref50
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref51
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref51
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref51
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref52
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref52
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref53
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref53
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref54
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref54
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref54
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref54
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref55
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref55
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref55
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref56
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref56
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref56
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref57
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref57
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref57
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref58
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref58
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref58
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref59
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref59
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref59
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref60
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref60
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref60
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref60
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref61
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref61
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref61
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref62
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref62
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref63
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref63
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref63
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref64
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref64
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref64
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref65
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref65
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref66
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref66
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref67
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref67
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref68
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref68
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref68
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref68
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref69
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref69
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref69
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref69
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref70
http://refhub.elsevier.com/S2213-2198(22)00694-8/sref70

	Irritant-Induced Asthma
	Introduction and Definitions
	Epidemiology
	Pathology and Animal Models of IIA
	Causes and Risk Factors
	Clinical Evaluation
	Outcome
	Management of Acute-onset IIA
	Pharmacologic treatment of IIA
	Bronchodilators
	Systemic corticosteroids
	Inhaled corticosteroids
	Leukotriene receptor antagonists

	Nonpharmacologic management

	Prevention
	Conclusion
	References


