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BACKGROUND: In response to occupational and environmental exposures, cough can be an
isolated symptom reflecting exposure to an irritant with little physiological consequence, or it
can be a manifestation of more significant disease. This document reviews occupational and
environmental contributions to chronic cough in adults, focusing on aspects not previously
covered in the 2006 ACCP Cough Guideline or our more recent systematic review, and
suggests an approach to investigation of these factors when suspected.

METHODS: MEDLINE and TOXLINE literature searches were supplemented by articles
identified by the cough panel occupational and environmental subgroup members, to identify
occupational and environmental aspects of chronic cough not previously covered in the 2006
ACCP Cough Guideline. Based on the literature reviews and the Delphi methodology, the
cough panel occupational and environmental subgroup developed guideline suggestions that
were approved after review and voting by the full cough panel.

RESULTS: The literature review identified relevant articles regarding: mechanisms; allergic
environmental causes; chronic cough and the recreational and involuntary inhalation of
tobacco and marijuana smoke; nonallergic environmental triggers; laryngeal syndromes; and
occupational diseases and exposures. Consensus-based statements were developed for the
approach to diagnosis due to a lack of strong evidence from published literature.

CONCLUSIONS: Despite increased understanding of cough related to occupational and envi-
ronmental triggers, there remains a gap between the recommended assessment of occupational
and environmental causes of cough and the reported systematic assessment of these factors.
There is a need for further documentation of occupational and environmental causes of cough
in the future. CHEST 2016; 150(4):894-907
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nasthmatic eosinophilic bronchitis
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Summary of Suggestions
1. For every adult patient with chronic cough, we

suggest that occupational and environmental causes
be routinely elicited in the history.
a. The duration, severity, and temporal relation-

ship of the exposure to the onset or exacerbation
of the patient’s cough should be noted.

b. Smoking history and atopic history should be
elicited.

c. Material Safety Data Sheets and/or occupational
hygiene reviews of the workplace may be helpful
in the overall assessment of symptoms including
cough.

d. The time period between last exposure and
medical evaluation should be noted because
results of objective testing may be influenced
by this (Ungraded, Consensus Based Statement).

2. For adult patients with chronic cough, if the his-
tory is suggestive of an occupational or environ-
mental association, we suggest that it be
confirmed when possible by objective testing, in
order to maximize favorable patient outcomes
and determine the incidence of occupational and
environmental causes of chronic cough. This may
include pulmonary function testing and rhino-
laryngoscopy (Ungraded, Consensus Based
Statement).

3. For adult patients with chronic cough with an
occupational or environmental exposure history,
we suggest that appropriate objective tests should
be performed to elucidate potential mechanistic
associations between cough and the suspected
exposure. These include the following:
i. Methacholine challenge for cough associated
with work-related asthma/eosinophilic
bronchitis

ii. Sputum/induced sputum cytology for
eosinophilia

iii. Before and after exposure tests to demonstrate
potential causality (eg, perform both at the end
of a regular working week and, if positive,
repeat at the end of a period off work such as
the end of vacation, to document any work-
related changes)

iv. Immunologic tests for hypersensitivity guided
by specific exposure history including:
journa
1. Skin tests
2. Specific serum IgE antibodies
3. Specific serum IgG antibodies for suspected

hypersensitivity pneumonitis
l.publications.chestnet.org
4. Beryllium lymphocyte proliferation tests for
chronic beryllium disease (Ungraded,
Consensus Based Statement)
4. For adult patients with chronic cough and a high
suspicion of cough due to environmental and/or
occupational exposures, we suggest that these
patients be managed according to evidence-based
guidelines for these exposures and/or be referred to
specialists with expertise in environmental and
occupational disease (Ungraded, Consensus Based
Statement).

The upper and lower respiratory tracts are uniquely
exposed to the environment, including irritants,
allergens, and noxious chemicals that can cause acute or
chronic cough. However, in our recent systematic review
of studies where a cough algorithm was employed, we
demonstrated a common lack of detailed documentation
of potential occupational and environmental
contributions to chronic cough.1 This absence of
documentation occurred despite the inclusion in the
methods sections of previous recommendations to
address occupational and environmental factors,
especially in cough guidelines, algorithms, and
consensus statements published since 2006. This failure
to follow through on a plan of investigation qualifies as
intervention infidelity.2

In response to occupational and environmental
exposures, cough can be an isolated symptom reflecting
exposure to an irritant with little physiological
consequence, or it can be a manifestation of more
significant disease. Consequently, it should be
considered as an indicator of a potentially adverse
stimulus or underlying disease.

The purpose of this article was to review occupational and
environmental contributions to chronic cough with a
focus on aspects not previously covered in the 2006 ACCP
Cough Guideline3 or our more recent systematic review,1

and to provide suggestions for the appropriate
investigation and management of these factors when
suspected. In our background section, we provide an
account of occupational and environmental aspects
important to consider in all patients with chronic cough
that includes: allergic/hypersensitivity causes, smoke, other
nonallergic environmental triggers, occupational causes,
and indirect effects of the environment or occupation such
as irritable larynx syndromes. However, it is not possible
to be fully comprehensive in the scope of causes and
mechanisms covered in this consensus document.
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http://journal.publications.chestnet.org


Methods
Using themethodology recently reported,1 a systematic reviewwas initially
performed to determine: (1) whether published algorithms and consensus
statements on chronic cough included recommendations to address
occupational and environmental causative factors in chronic cough; and
(2) the extent to which studies that used those algorithms and pathways
in patient series with chronic cough used a systematic approach to
identify and report occupational and environmental causative factors.

Second, a literature search was performed by using MEDLINE and
TOXLINE, supplemented by articles identified by the cough panel
occupational and environmental subgroup members, to identify
TABLE 1 ] Possible Mechanisms of Occupational and Enviro

Example Proximity of Exposure

Construction dust, particulate
allergen

Direct

Asthma Direct

Ammonia Direct

Allergic inflammation, Sinusitis,
bronchitis

Indirect

Cough-variant asthma Indirect and direct

Increased receptor sensitivity,
altered brainstem pathway, and
airway reactivity after removal of
caustic agent

Secondary physiology
� psychogenic or
conditioned reflex
response

Emotional/habit response to familiar
triggers

Cortical

CN V¼ cranial nerve V; CN X ¼ cranial nerve X.
aAnecdotal report with no proven effect on proposed mechanism of cough in h
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occupational and environmental contributions to chronic cough with
a main focus on aspects not previously covered in the previous
ACCP Cough Guideline in 2006.3

Based on the literature reviews and the Delphi methodology as
previously described, the cough panel occupational and
environmental subgroup developed guideline recommendations or
suggestions. These then underwent review and voting by the full
cough panel. For a recommendation or suggestion to be accepted, it
had to be voted on by 75% of the eligible Cough Panelists and
achieve ratings of “strongly agree” or “agree” by 80% of the voting
panelists.
Results
As recently reported,1 among the 10 general chronic
cough guidelines and protocols identified, only the three
published since 2006 included advice on detailed
occupational and environmental assessments. One
additional cough statement focused entirely on
occupational cough. However, of the 28 cohort studies of
patients with chronic cough that specifically noted that
they followed guidelines or protocols, none provided
details regarding occupational and environmental
assessments, suggesting a gap between recommended
guidelines and clinical practice. e-Appendix 1 presents
the authors’ suggested approach to diagnosis and
management of occupational and environmental
components to chronic cough.

The literature review as summarized below identified
articles relevant to chronic cough and occupational/
environmental factors that are categorized as:
mechanisms; allergic environmental causes; chronic
cough and the recreational and involuntary inhalation of
tobacco and marijuana smoke; nonallergic
environmental triggers; laryngeal syndromes; and
occupational diseases and exposure aspects. Although
this is not a comprehensive review, this document is
aimed at illustrating the diversity of occupational and
environmental factors that should be considered in
patients with chronic cough.

Background Information

Mechanisms

There are many examples and potential mechanisms by
which occupational and environmental factors may
cause or exacerbate an acute or chronic cough, as
summarized in Table 1. Direct effects of particulates or
gas may be to stimulate cough receptors or directly
induce asthma,4-6 and it is possible that direct effects of
noxious chemicals such as ammonia, through trigeminal
nerve stimulation, may increase awareness of the
nmental-Induced Cough

Stimuli Effector References

Particulate Receptor, CN X 4

Particulate 5,6

Gaseous Trigeminal
nerve, CN V

7a

Inflammatory/infectious
mediators

Sensory
receptor

8,9

Inflammatory mediators 10

All Threshold shift,
neurokinins,
decreased
inhibition

11-15a

All Central
neurologic

16,17

umans.

[ 1 5 0 # 4 CHES T OC TO B E R 2 0 1 6 ]



sensation (although this relation specifically to cough
has not been substantiated).7 Indirect effects of
occupational dust and allergens are strongly associated
with secondary infectious or noninfectious sinusitis,
bronchitis, and cough-variant asthma, with stimulation
of the cough triggered by inflammatory mediators or by
direct neurogenic stimulation.8-10 Secondary
physiological changes may similarly result from
remodeling of the receptor and neural circuitry,
increasing cough sensitivity to subsequent exposures
even upon removal of the original trigger.11-15 In
addition, behavioral modifications may result from acute
or chronic exposures, perhaps manifesting as somatic
cough syndrome.16,17 The larynx also has a potential role
in the mechanism of occupational cough. Phonation can
be a significant trigger of cough in patients with chronic
cough no matter what the cause of the cough, occurring
in approximately 33% of patients.18,19 Although it is not
necessarily linked to the amount of vocal load (ie, cough
is not necessarily worse in people who report extensive
voice use),20 it is hard to ignore that trauma from the act
of coughing itself may be partly or entirely responsible.
For example, a wide spectrum of respiratory
complications due to the physical events that can occur
during coughing have been reported that includes lower
and upper airway trauma associated with severe
compression of airways and violent undulations of
laryngeal structures.21-24

When patients appreciate that speaking provokes
coughing, they try to avoid the use of their voice. There is
also a high prevalence of voice problems in patients with
chronic cough. For example, 40% of patients with chronic
cough have clinically significant deviations in auditory
perceptual voice quality25 otherwise known as hoarseness.
Instrumental assessment of vocal quality, including
acoustic voice assessment and electroglottography, shows
greater impairment in patients with chronic cough than
healthy control subjects.26 This phenomenon is likely to
be exacerbated in those working in professions with high
vocal demands such as teachers,27,28 sports instructors,29

call center operators,30 and singers.31,32 Dysphonia and
cough can be exacerbated, particularly when there has
been a change in vocal requirements during the course of
one’s employment. Because overuse of one’s voice can
trigger cough receptors in the irritated vocal folds,33

among those who are professional singers, cough could be
contributed to by singing and thus qualify as a cough with
an occupational component. This phenomenon may be
exacerbated in singers with poor vocal technique such as
insufficient respiratory support, poor resonance, or excess
journal.publications.chestnet.org
laryngeal strain when attempting to reach notes in the
upper pitch range.

It has been hypothesized that there could be reduced
vocal fold closure during phonation in patients with
chronic cough.34 The high prevalence of breathy vocal
quality, abnormal harmonic to noise ratio, and reduced
closed phase of vocal fold vibration during
electroglottography is consistent with reduced vocal fold
closure during phonation. It is unclear whether this is
due to increased tension in the posterior cricoarytenoid
region, a subconscious effort to avoid vocal fold closure
and thus trigger further coughing. Alternatively, it may
be due to coughing-induced edema of the vocal folds35

or laryngeal structures from the previously mentioned
violent undulations of laryngeal structures or
inflammation from high expiratory velocities that can
exert frictional stress on mucosal walls.23 This
physiology may account for some of the aforementioned
behavioral modifications.

Further study examining basic science mechanisms and
consequences of occupational and environmental
exposures on cough is warranted to substantiate
causality and help determine safe levels of exposure of
potentially noxious materials in the workplace.

Allergy and Chronic Cough

When one considers the potential causes of chronic
cough, it is important to remember that two of the most
common causes may both have an allergic nidus: upper
airway cough syndrome due to a variety of rhinosinus
conditions, previously referred to as postnasal drip
syndrome, and asthma. In a study by Irwin et al36 that
prospectively examined the prevalence of the causes of
cough in a group of 122 consecutive patients in a tertiary
care center, it was found that 41% were diagnosed with
postnasal drip syndrome and 24% were due to asthma,
thus reinforcing the potential of an allergic trigger.
Furthermore, when Irwin et al stratified causes of upper
airway cough syndrome, they found that 23% were due
to allergic rhinitis.

Symptoms associated with allergic rhinitis include nasal
obstruction, clear to yellow rhinorrhea, postnasal drip,
and nasal pruritus, with paroxysms of sneeze.
Conjunctival pruritus and clear discharge may be
associated with allergic rhinitis. Pertinent findings on
physical examination may include pale, boggy nasal
mucosa with clear to yellow rhinorrhea.37 Symptoms of
allergic rhinitis may occur only seasonally or may occur
perennially. Generally, allergenic triggers in the spring
897

http://journal.publications.chestnet.org


include tree and grass pollen, while fall allergens include
weeds and molds. Perennial allergens include dust mites,
animal dander, cockroach, and indoor molds such as
aspergillus and penicillium.

Although asthma generally is associated with wheeze,
chest tightness and shortness of breath with auscultatory
wheeze, and a prolonged expiratory phase, in some
patients the only symptom and finding is cough (ie,
cough-variant asthma).38 Prospective studies have
demonstrated that asthma is among the most common
etiologies of chronic cough (24%-29%) in adult
nonsmokers.36,38-40 The diagnosis of this illness is made
through performance of spirometry, which may
demonstrate expiratory obstruction with significant
b2-adrenergic response or normal baseline spirometry
with increased airway responsiveness to methacholine.
Asthma may have an allergic diathesis and, as noted
earlier, allergenic triggers can be stratified into seasonal
or perennial causes.

Although upper airway cough syndrome as well as
asthma are more common causes of chronic cough,
nonasthmatic eosinophilic bronchitis (NAEB) was
identified in 13.2% of those with chronic cough in a
prospective study by Brightling et al.41 NAEB was first
identified as a cause of chronic cough in 1989 by Gibson
et al.42 As seen in patients with asthma, these patients
demonstrate corticosteroid responsiveness; however,
they lack spirometric obstructive patterns and bronchial
hyperresponsiveness.43 The diagnosis is made via proof
of airway eosinophilia (determined by sputum induction
or bronchial wash fluid obtained by bronchoscopy).43

Not surprisingly, these patients demonstrate atopic
tendencies, with elevated sputum eosinophils and
increased IL-5 gene expression, as well as an increase
in eicosanoid production.44 Like asthma, the cause
of this Th2 milieu upregulation can be uncertain;
however, triggers such as allergens45 and occupational
exposures46 have been reported as the cause of cough
due to NAEB.

Thus, because several of the common causes of chronic
cough may be mediated by an allergic mechanism,
clinicians caring for such patients must be familiar with
allergy diagnostic testing to aid in the implementation of
environmental control measures, when considering
allergy immunotherapy or to aid in titration of
pharmacotherapy. When contemplating an allergic
etiology to cough, a careful history is of paramount
importance. This is important, as results of diagnostic
tests (both skin and serum-specific IgE testing) can be
898 Evidence-Based Medicine
positive in the absence of clinical relevance.47 This is
often not equivalent to clinical allergy: these tests prove
sensitivity, but results must be interpreted in the context
of clinical history.

Chronic Cough and the Recreational and
Involuntary Inhalation of Tobacco and
Marijuana Smoke

Chronic cough algorithms begin with the premise that if
the patient is actively smoking, then smoking cessation
should be initiated. Repeated inhalation of biomass
smoke directly through consumption of tobacco and
marijuana smoke48 can cause chronic cough and phlegm
production.49 The exposure to secondhand smoke,
especially from maternal smoking, has been linked to
lower respiratory tract illness in infants and young
children, and to cough and asthma in school-aged
children.50 In this section, we briefly review chronic
cough in smokers of cigarettes and marijuana as well as
exposure to secondhand smoke.

Although animal studies suggest that nicotine can
stimulate C fibers,51 cigarette smoking in humans
actually decreases cough sensitivity as measured by
capsaicin inhalation.52 Capsaicin sensitivity recovers
within 2 weeks after smoking cessation.53 Cigarette
smoke affects the respiratory tract from the larynx to the
alveoli. Laryngeal inflammation and Reinke’s edema of
the vocal cords are common findings in smokers.54

Reinke’s edema occurs when there is edema of the
superficial layer of the lamina propria in the vocal folds,
and it is characterized by loosely arranged and
fragmented collagen fibers that are intermixed with
myxoid stroma.55

Close to 60% of inhaled particulates are deposited in the
lung. Unprotonated or free-based nicotine in the smoke
dissolves easily in lung fluid and passes into the blood.
The amount of unprotonated nicotine also correlates
with the harshness or smoothness of the cigarette. In
addition to mutagenicity, tobacco smoke is disruptive
and even cytotoxic to epithelial cells lining the
respiratory tract. Tobacco smoke generated by drawing a
breath through the butt of a lighted cigarette, cigar, or
pipe is called mainstream smoke.49 Mainstream smoke
has a vapor phase and a particulate/tar phase. Both
phases contain high concentrations of free radicals. This
has been estimated to be as much as 1014 free radicals
per puff of cigarette.56 The vapor phase contains
cadmium, hydrogen cyanide, acetaldehyde, acrolein,
hydrogen sulfide, and volatile organic compounds.
Table 2 illustrates the components and the effects of
[ 1 5 0 # 4 CHES T OC TO B E R 2 0 1 6 ]



TABLE 2 ] Tobacco and Marijuana Smoke Components and Effects

Mainstream Smokea Sidestream Smokea

Definition � The smoke released at the mouth end of
the cigarette rod during puffing.

� These particles have an average mass
median diameter of 0.35-0.40 mm.

� Secondhand or environmental tobacco
smoke is an air-diluted mixture of
sidestream smoke and exhaled
mainstream smoke.

� Exhaled mainstream smoke constitutes
1%-43% of secondhand smoke.

� There is rapid dilution and dispersion into
the indoor environment.

� The particulate component decreases
more than the vapor phase of the smoke.

� The median particle size of secondhand
tobacco smoke is smaller than that of the
particles of mainstream smoke.

Combustive property � Mainstream smoke is generated by
combustion of the cigarette with
temperatures that reach 900�C during a
puff and 400�C between puffs.

� During a puff, the fire cone at the tip burns
the tobacco at the periphery of the
cigarette rod.

� Sidestream smoke is generated at 400�C.
� It is the tobacco in the core that burns

between puffs.
� Combustion occurs at a lower

temperature and with less available
oxygen.

� It has more ammonia, resulting in higher
alkalinity and more water content than
those for mainstream smoke.

Vapor phaseb The gas phase of cigarette smoke includes nitrogen, oxygen, carbon dioxide, carbon
monoxide, acetaldehyde, methane, hydrogen cyanide, nitric acid, acetone, acrolein,
ammonia, methanol, hydrogen sulfide, hydrocarbons, gas phase nitrosamines, and
carbonyl compounds. Many heavy metals found in the leaves are volatilized by the heat
into the gas phase but are found in the particulate phase of both mainstream smoke and
secondhand smoke.

Particulate phaseb The particulate phase includes carboxylic acids, phenols, water, humectants, nicotine,
terpenoids, paraffin waxes, tobacco-specific nitrosamines, polycyclic aromatic
hydrocarbons, and catechols.

Clinical correlates
1,3 butadiene: carcinogen
Acrolein: cilia toxic
Formaldehyde: cilia toxic;

irritant
Nitrogen oxides: oxidant

activity
Cadmium: oxidative

injury
Hydrogen cyanide:

cellular oxidative poison

Sufficient evidence exists to infer a causal
conclusion between smoking and the
following:

� Acute respiratory illnesses, including
pneumonia, in persons without underlying
smoking-related chronic obstructive lung
disease

� Impaired lung growth during childhood and
adolescence

� Early onset of decline in lung function
� A premature onset of and an accelerated
age-related decline in respiratory
symptoms related to lung function in
children and adolescents, including
coughing, phlegm, wheezing, and
dyspnea

� Asthma-related symptoms in childhood
and adolescence

� All major respiratory symptoms among
adults, including coughing, phlegm,
wheezing, and dyspnea

� Poor asthma control
� COPD morbidity and mortality
� A reduction of lung function in infants
of mothers who smoked during pregnancy

Sufficient evidence exists to infer a causal
conclusion between secondhand smoke
exposure from parental smoking and the
following:

� Lower respiratory tract illnesses in infants
and children

� Middle ear disease in children, including
acute and recurrent otitis media and
chronic middle ear effusion

� Cough, phlegm, wheeze, and
breathlessness among children of school
age

� Ever having asthma among children of
school age

� Onset of wheeze illnesses in early
childhood from maternal smoking during
pregnancy

� Persistent adverse effects on lung function
across childhood

� Lower level of lung function during
childhood

� Odor annoyance
� Nasal irritation

The amount, type, blend, and preparation of the tobacco, physical dimensions, paper (porosity), presence and type of filter and smoking habits (puff volume
and puff interval) can alter the relative levels of chemical components in mainstream and sidestream smoke.
aData from US Centers for Disease Control and Prevention.49
bData from Moir et al.57
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tobacco and marijuana smoke.49,57 Acrolein is toxic to
ciliated cells. The resulting smoke-induced airway
inflammation is a complex cascade of inflammatory cell
recruitment, especially of neutrophils, activation, and
mediator release.49,58 The outcome is apoptosis and
necrosis of respiratory epithelial cells with mucus
plugging and bacterial colonization described in
bronchitis.

Secondhand smoke is the air around an active smoker.49

It is a combination of sidestream smoke coming from
the burning tip of a smoldering cigarette and exhaled
mainstream smoke. Combustion in sidestream smoke
occurs at a lower temperature than mainstream smoke
at 400�C. Smoldering burns the core of the cigarette rod
in contrast to puffing, which burns the periphery. The
composition of sidestream smoke is different from
mainstream smoke (Table 2).57 Current data indicate
that secondhand smoke may cause respiratory illness
such as chronic obstructive lung disease and lung cancer
in exposed adults.50,59-61 In addition, there is sufficient
evidence of a causal relationship between parental
smoking and lower respiratory tract illness in young
children, and chronic cough and asthma in school-aged
children.50 There are insufficient data at present to draw
conclusions as to effects of e-cigarettes, vaping, and
hookah use.62

Marijuana smoking is associated with chronic cough
and sputum production.63 Current commercially
manufactured filtered cigarettes have approximately
1 g of tobacco, while a hand-rolled “joint” typically
contains one-half a gram of marijuana and is often
mixed with tobacco in a 50/50 combination (so-called
spliffs).64 The tar content differs depending on whether
a joint is filtered, unfiltered, smoked as a blunt (ie,
hollowed out cigar stuffed with marijuana), or smoked
through a waterpipe. There are also lot-to-lot
differences with the emergence of so-called designer
preparations.65 Although marijuana smokers
typically do not and cannot consume as many joints
as cigarette smokers consume cigarettes each day
and remain functional, they inhale deeper and hold
their breath longer, resulting in four times the tar
deposited in their lungs per joint versus each
cigarette.63 Using a standard cigarette manufacturing
criteria, marijuana mainstream smoke was compared
with cigarette smoke and was found to have a similar
amount of tar but significantly higher levels of nitric
oxide, ammonia, hydrogen cyanide, and aromatic
amines compared with a cigarette.57 A review by
900 Evidence-Based Medicine
Tashkin48 summarized the effects of smoking
marijuana on the respiratory system and found an
increase in prevalence of chronic cough, phlegm
production, wheezing, and dyspnea in habitual
smokers of marijuana. He also found significant airway
inflammation with squamous cell hyperplasia, loss of
ciliated cells, vascular proliferation, submucosal edema,
and goblet cell hyperplasia in the endobronchial
biopsy specimens of marijuana smokers similar to
tobacco smokers.66,67 Airway inflammation induced
by marijuana smoking is indistinguishable from
tobacco-induced changes, but there are no data
available on effects of sidestream or secondhand
smoke from marijuana.

It is important for the clinician who is evaluating a
patient with chronic cough to inquire not only about
tobacco but also marijuana smoking. Secondhand
exposure to tobacco smoke is especially important in
the evaluation of children with chronic cough.
Other Non-IgE Antibody Environmental Triggers:
Mechanisms, Identification, Diagnosis, and
Management

Environmental exposures that cause or exacerbate
chronic cough may produce these effects through a
mechanism that is not mediated by specific IgE
antibodies. Respiratory irritants include vapors, gases,
dusts, and fumes. These can cause simple chronic
bronchitis (chronic cough and sputum), or COPD,68,69

and can cause or increase risks of asthma.70 Effects can be
magnified among smokers.71 Among those who already
have airway disease and cough, these exposures can also
exacerbate cough. Rhinitis and laryngeal syndromes can
also be caused or exacerbated in a similar manner. These
exposures can occur in the workplace but also in homes
or in outdoor environments. A few examples outside
workplace settings are exposures to emissions from
biomass fuel72 or wood stoves for cooking or heating,73

air pollution,74 and natural disasters such as volcano
ash,75 and wildfires,76 as well as man-made disasters such
as the World Trade Center collapse.77 The cough that
occurred in those exposed to the highly alkaline inhaled
dust following the World Trade Center collapse was
likely multifactorial78 and in different people may have
resulted from new onset or exacerbation of asthma,
bronchitis,79 rhinitis, laryngeal syndromes, and possibly
also gastroesophageal reflux disease resulting from
swallowed dust.80,81 An additional later effect that also
may have caused cough was bronchiolitis.82
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Within the home environment, hobbies and avocations
may also result in irritant exposures to vapors, gases,
dusts, and fumes such as glues for making models,
paints, solvents, cleaning products, exposures from
home renovations leading to exposures to insulation and
other dusts, fungal components, and other potential
irritant agents or antigens. As another example,
exposure to birds or to feathers in down duvets or
clothing can lead to hypersensitivity pneumonitis.

Fungal contamination of homes (or in work buildings
including classrooms) may cause exposure to volatile
organic emissions that may be associated with an upper
airway cough in the absence of specific IgE antibodies,
through a presumed irritant mechanism. There also has
been an association between such exposure and
increased respiratory symptoms in children living in
damp/moldy homes.83,84 Mold exposure can also be a
cause of cough in association with hypersensitivity
pneumonitis.3

Diagnosis of the environmental contribution relies on
the documentation of the underlying disease
(pulmonary function tests/chest/sinus imaging/induced
sputum/ears, nose, and throat assessment), and the
history of exposure in relation to the timing of cough.
For those who have had an accidental exposure and
have developed a chronic cough following this
exposure, it is useful to review previous health records
to identify preceding disease, and to assess possible
atopic disease as discussed earlier. The development
of similar symptoms in others who were exposed
adds to the probability of an association. Occasionally
a home visit or formal environmental assessment
may be useful, for example, to document fungal
contamination. If hypersensitivity pneumonitis is
suspected, accepted diagnostic pathways should be
followed.85,86

Management of an environmental non-IgE antibody
contribution to chronic cough includes pharmacologic
management as for other causes of cough but also
includes avoidance of further exposure to the relevant
agents as reasonable.
Occupational and Environmental Aspects of Cough
From Laryngeal Syndromes, and Cough
Hypersensitivity Syndrome

The concept of occupational cough can include cough
associated with conditions such as laryngeal syndromes
(eg, muscle tension dysphonia or paradoxical vocal fold
movement).
journal.publications.chestnet.org
There is a degree of overlap between occupational cough
and other descriptions of cough in the literature such as
cough hypersensitivity syndrome,87 unexplained cough,
and irritant-induced vocal cord dysfunction that
requires further elaboration. The clinical presentation
between these conditions is similar, and environmental
exposures such as temperature changes, mechanical
irritation, or chemical exposures may trigger cough in an
already hypersensitive system.

Clinical Approach to Diagnosis and Management of
Laryngeal Disorders

The high prevalence of laryngeal symptoms in patients
with chronic cough25 suggests that screening for
laryngeal disorders should occur as part of the initial
assessment. Screening tools for laryngeal disorders have
not been developed specifically for patients with
occupational cough. Screening can involve assessment
for potential laryngeal disorders that could include
laryngeal symptoms such as inspiratory dyspnea,
laryngeal irritation, dysphonia, tightness in the throat, or
cough triggered by talking. Alternatively, screening for
specific laryngeal symptoms could be performed as part
of the initial speech-language pathology assessment.

Suggested indicators for referral for evaluation of
laryngeal dysfunction include history of dysphonia or
episodic voice loss, significant laryngeal irritation, and
co-existing symptoms of paradoxical vocal fold
movement. These factors are more likely to be important
in patients in vocally demanding professions such as
teachers and singers.

Although noxious triggers such as exposure to smoke
and fumes can be easily modified, it can be more difficult
to modify many of the innocuous or nontussive cough
triggers that continue to exacerbate the condition. For
example, exposure to cold air and talking are common
everyday occurrences and difficult to modify without
incurring significant lifestyle restrictions.19

Occupational Diseases and Exposure Aspects

Occupational exposures can cause a cough by the same
mechanisms detailed above for environmental allergic/
hypersensitivity responses, including asthma,
hypersensitivity pneumonitis, or nonallergic rhinitis and
bronchitis. In addition, a cough caused by work may be
due to an occupational cause of lung cancer or respiratory
diseases such as chronic beryllium disease. The previous
ACCP Cough Guidelines3 included a review of these
causes as has the more recent European Academy of
Allergy Asthma and Clinical Immunology Task Force
Statement on Occupational Causes of Cough.88
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The occupational contribution to the burden of asthma
is estimated to be about 18% and to COPD
approximately 15%,69,89,90 but there is little evidence
for the population-attributable risk of work-related
cough. One estimate has been 4% to 18%, but a
distinction between personal causes of cough and
occupational causes in published articles has not been
clear, and the estimate range is wide.91 Following the
World Trade Center collapse, 10% of those highly
exposed to the alkaline dust developed a chronic
cough.92,93

Since the occupational and environmental component of
the 2006 ACCP Consensus Statement on chronic cough3

appeared in print, several additional publications have
reported chronic cough to be associated with work
exposures. Examples showing the range and frequency
include mild steel welding with metal and gas exposure
such as manganese and ozone (in 24% of workers),94 sea-
fish processing,95 compost workers and garbage
collectors.96,97 Among Egyptian textile workers, chronic
cough was reported in 33% compared with 6% of control
subjects,98 and among brick kiln workers in Pakistan,
22% had a chronic cough.99 There has also been an
occupational association made between gastroesophageal
reflux disease and cough100 in choristers and in first
responders following exposure to World Trade Center
irritants.80,82,92 For most epidemiologic studies, the
mechanism of cough has not been explored in detail and
may occur from several mechanisms within the same
population, including upper airway irritation, irritant
bronchitis, smoking-related bronchitis, upper airway
cough syndrome, and, in some cases asthma, COPD, or
hypersensitivity pneumonitis.

For patients with an occupational cause of cough, the
diagnosis has additional implications beyond identifying
the specific causes of cough, notably including: (1) the
potential need to modify work conditions or even to
change a job and/or leave a workplace; (2) the need to
provide objective support for a workers’ compensation
claim; and (3) the need to consider possible similar
effects on co-workers and to introduce appropriate
protective measures to reduce risks. As with
environmental allergic or irritant causes of cough,
control or avoidance of exposure is often a key
component of management. Use of respiratory
protective equipment at work may be effective for
transient exposures, but it is not a substitute for
appropriate control of air concentrations in the
workplace by substitution of hazardous products when
possible, use of robotics, containment and optimum
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ventilation as well as other occupational hygiene
measures.

In a similar manner to the identification of allergy as a
cause of symptoms, the identification of an occupational
cause of chronic cough relies primarily on the history. If
the cough is a component of other respiratory disease
with long latency such as asbestosis or chronic beryllium
disease, a full occupational history is then needed to
identify possible causative exposures and occupations
that potentially may have occurred many years before
the onset of symptoms. Conversely, if the cough is due
to diseases such as allergic rhinitis, asthma, NAEB, or
hypersensitivity pneumonitis, the occupational history
should then focus on exposures within hours of the
onset of symptoms. Similarly, there are several
nonallergic causes of cough with rapid onset of
symptoms such as irritant laryngitis or bronchitis, and
other conditions with onset of symptoms several hours
after exposure such as organic dust toxic syndrome,
metal fume fever, and humidifier fever. In addition, for
occupational diseases with relatively short latency, it is
important to inquire as to a history of worsening
symptoms at work or after work and improvement
during periods away from work.

Further investigations, in addition to chest imaging,
will depend on the suspected occupational disease, as
have been detailed in previous guidelines and consensus
statements.3,88,101,102 When possible, an objective
confirmation of the diagnosis and the occupational
contribution is important to prevent unnecessary changes
in work and to allow appropriate workers’ compensation
decisions. This is most readily achieved for patients
with work-related asthma or acute hypersensitivity
pneumonitis in whommonitoring of pulmonary function
tests during periods at work and off work can show the
work relationship. Immunologic tests can support the
diagnosis for those with an occupational allergic cause
and for those with work-related hypersensitivity
pneumonitis, but there are only limited available extracts
for occupational allergens and antigens to use in testing.
Specific inhalational challenges may be performed to
identify the causative agent in rhinitis, asthma, and
hypersensitivity pneumonitis but need expertise in
performing these tests, and carry potential risk, so are
seldom performed in North America.

Management and prevention have also been discussed in
previous statements but include potential changes to the
workplace exposure, both for the patient and to prevent
similar effects in co-workers.
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Suggestions
1. For every adult patient with chronic cough, we

suggest that occupational and environmental causes
be routinely elicited in the history.
a. The duration, severity, and temporal relation-

ship of the exposure to the onset or exacerbation
of the patient’s cough should be noted.

b. Smoking history and atopic history should be
elicited.

c. Material Safety Data Sheets and/or occupational
hygiene reviews of the workplace may be helpful
in the overall assessment of symptoms including
cough.

d. The time period between last exposure and
medical evaluation should be noted because
results of objective testing may be influenced
by this (Ungraded, Consensus Based
Statement).

2. For adult patients with chronic cough, if the history
is suggestive of an occupational or environmental
association, we suggest that it be confirmed when
possible by objective testing, in order to maximize
favorable patient outcomes and determine the
incidence of occupational and environmental cau-
ses of chronic cough. This may include pulmonary
function testing and rhinolaryngoscopy (Ungraded,
Consensus Based Statement).

3. For adult patients with chronic cough with an
occupational or environmental exposure history,
we suggest that appropriate objective tests should
be performed to elucidate potential mechanistic
associations between cough and the suspected
exposure. These include the following:
i. Methacholine challenge for cough associated
with work-related asthma/eosinophilic
bronchitis

ii. Sputum/induced sputum cytology for
eosinophilia

iii. Before and after exposure tests to demonstrate
potential causality (eg, perform both at the end
of a regular working week and, if positive,
repeat at the end of a period off work such as
the end of vacation, to document any work-
related changes)

iv. Immunologic tests for hypersensitivity guided
by specific exposure history including:
journa
1. Skin tests
2. Specific serum IgE antibodies
3. Specific serum IgG antibodies for suspected

hypersensitivity pneumonitis
l.publications.chestnet.org
4. Beryllium lymphocyte proliferation tests for
chronic beryllium disease (Ungraded,
Consensus Based Statement)
4. For adult patients with chronic cough and a high
suspicion of cough due to environmental and/or
occupational exposures, we suggest that these
patients be managed according to evidence-based
guidelines for these exposures and/or be referred to
specialists with expertise in environmental and
occupational disease (Ungraded, Consensus Based
Statement).

Future Studies Needed to Address Gaps in Evidence or
Knowledge

� Development of additional diagnostic tests to allow
objective evidence of the relationship between chronic
cough and occupational or environmental triggers
(currently the association with common environ-
mental allergens can be inferred in patients with an
appropriate history, from allergy skin tests, and
in vitro serologic tests, but there are very limited
extracts available for identifying allergic responses to
many fungi and to many occupational allergens and
chemical sensitizers).

� Simpler practical tests need to be available to clini-
cians to diagnose cough from eosinophilic bronchitis
due to occupational and environmental causes
(induced sputum cytology is of limited availability
and induced sputum cannot be obtained in all
patients with this suspected condition). The role of
exhaled nitric oxide as a possible alternative diag-
nostic test for occupational/environmental eosino-
philic bronchitis causing cough should be evaluated.

� The mechanism(s) of occupational and environmental
triggers to laryngeal syndromes causing chronic cough
should be further identified andmanagement strategies
identified in clinical trials using questionnaires with
well-documented cough scales.

� The occupational contribution to the burden of chronic
cough should be assessed in large population studies.

� Prospective studies of populations with chronic cough
should identify the relative frequency of occupational
and environmental causes of cough and effects
following modification of these factors.

Conclusions
Since the previous ACCP cough statement in 2006, there
has been an increased understanding of the mechanisms
of cough related to environmental triggers. There have
also been several studies that have clarified laryngeal
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disorders leading to chronic cough, and the role of
occupational and environmental triggers for laryngeal
causes of cough. Evidence-based consensus documents
have been developed for occupational asthma and for
occupational causes of cough. Despite this, there
remains a gap between the recommended assessment of
occupational and environmental causes of cough, and
the reported systematic assessment of these factors in
published clinical case series, and there is a need for
further documentation of occupational and
environmental contributions to cough in the future.
Identification of occupational and environmental causes
of chronic cough can affect symptom management and
offers opportunity for exposure control and prevention.
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