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Purpose of review

Cleaners and airway diseases

Evidence for adverse respiratory effects of occupational exposure to disinfectants and cleaning products
(DCPs) has grown in the last two decades. The relationship between DCPs and asthma is well documented
but questions remain regarding specific causal agents. Beyond asthma, associations between DCPs and
COPD or chronic rhinitis are plausible and have been examined recently. The purpose of this review is to
summarize recent advances on the effect of occupational exposure to DCP and chronic airway diseases.

Recent findings

Recent epidemiological studies have often focused on healthcare workers and are characterized by efforts
to improve assessment of exposure to specific DCPs. Despite increasing knowledge on the effect of DCPs
on asthma, the burden of work-related asthma caused by DCPs has not decreased in the past decade,
emphasizing the need to strengthen prevention efforts. Novel data suggest an association between
occupational exposure to DCPs and other chronic airway diseases, such as rhinitis, COPD, and poor lung

function.

Summary

Epidemiological and experimental data showed that many chemicals contained in DCPs are likely to cause
airway damage, indicating that prevention strategies should target multiple products. Further research is
needed to evaluate the impact of DCP exposure on occupational airway diseases beyond asthma.
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Evidence for adverse respiratory health effects of
exposure to disinfectants and cleaning products
(DCPs) has grown in the last two decades [1™,2].
Due to their widespread use, both in the general
population [3,4] and at the workplace [S], DCPs raise
important public health concerns. In the context of
the coronavirus disease-2019 (COVID-19) pan-
demic, the use of DCPs has further increased in
healthcare settings, as well as in other public places,
workplaces, and in individual homes [6]. Some
workers experience particularly high level of expo-
sure to DCPs, which is a major cause of work-related
asthma (WRA) [5,7%]. As cleaning and disinfection
are crucial in some environments, such as health-
care, to prevent the spread of infections, it remains a
challenging issue for prevention of occupational
airway diseases [8].

Although the relationship between occupa-
tional exposure to DCPs and asthma is now well
documented, as reviewed in 2017 by Folletti et al.
[5], research in this field is still very active, as ques-
tions remain in particular regarding specific causal
agents. Beyond asthma, it is plausible that inhala-
tion of irritants and sensitizers from DCPs may be
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associated with other chronic respiratory diseases,
such as chronic obstructive pulmonary disease
(COPD) or chronic rhinitis [9%%,10], and research
work on these novel hypotheses has emerged in
the past few years. The purpose of this review is to
summarize and discuss recent advances on the effect
of occupational exposure to DCPs and chronic air-
way diseases, including asthma, rhinitis, and COPD.

Evidence for a relationship between occupational
exposure to DCPs and asthma emerged in the early
2000s, with consistent findings from work-related
asthma (WRA) surveillance schemes, reporting ele-
vated proportions of asthma cases in cleaning and

Université Paris-Saclay, UVSQ, Univ. Paris-Sud, Inserm, Equipe d’Epi—
démiologie respiratoire intégrative, CESP, 94807, Villejuif, France

Correspondence to Orianne Dumas, Inserm, CESP, Equipe d’Epidémio-
logie respiratoire integrative, 16, avenue Paul Vaillant Couturier, 94807
Villejuif cedex, France. Tel: +33 1 45 59 53 57,

e-mail: orianne.dumas@inserm.fr

Curr Opin Allergy Clin Immunol 2021, 20:000-000
DOI:10.1097/ACI.0000000000000710

www.co-allergy.com


mailto:orianne.dumas@inserm.fr

Occupational disease

KEY POINTS

e The relationship between occupational exposure to
disinfectants and cleaning products and asthma is well
documented but questions remain regarding specific
causal agents.

e Recent epidemiological studies have often focused on
healthcare workers and are characterized by efforts to
improve assessment of exposure to specific DCPs.

e The burden of work-related asthma caused by
disinfectants and cleaning products has not decreased
in the past decade, emphasizing the need to strengthen
prevention efforts.

e Novel data suggest an association between
occupational exposure to disinfectants and cleaning
products and other chronic airway diseases, such as
rhinitis, COPD, and poor lung function, and support the
conduct of further studies.

e Epidemiological and experimental data show that many
chemicals contained in disinfectants and cleaning
products are likely to cause airway damage, indicating
that prevention strategies should target
multiple products.

healthcare occupations, and population-based or
workforce-based epidemiological studies examining
associations between exposure to DCPs and asthma
[11]. Today, both types of studies remain useful as
they provide complementary data to better charac-
terize the relationship between DCPs and asthma,
and up-to-date information to evaluate the related
public health burden [12]. This section summarizes
studies published since the last review by Folletti
et al. [5].

Work-related asthma surveillance networks
and case series

Recent data from WRA surveillance networks or case
series in the UK and North America showed that 8-
12% of all WRA cases were attributed to cleaning
products [7%,13-15]. Consistent with previous
reports [11], most cases were from the healthcare
and cleaning industries [7%,13,14]. However, a variety
of industries were reported, such as education and
leisure (including swimming-pool employees),
reflecting the common use of DCPs in many work-
places. Regarding causal agents, the most frequent in
The Health and Occupation Research (THOR) net-
work in the UK were aldehydes, with a tendency to
decrease over time, and chlorine, which maintained
its contribution over the reporting period [13]. In the
United States, the most frequently reported causes
were cleaning materials or unspecified general-
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purpose cleaners, floor strippers or waxes, bleach,
and disinfectant cleaners [7°]. In a Canadian WRA
case series, although the most frequent exposures
included surfactants, alcohols, disinfectants, and
acids, workers were commonly exposed to multiple
products including both potential sensitizers and
irritants, and a specific causative agent was rarely
identified [15].

In the United States, cases identified by surveil-
lance systems from 1998 to 2012 were compared
with data collected from 1993 to 1997 [7"]. No
decrease in the proportion of cases attributed to
cleaning products was observed between the two
periods. Similarly, data from the THOR network
showed that in contrast with a general declining
trend in occupational asthma incidence between
1989 and 2017, no reduction in cases attributed
to cleaning agents was observed [13]. These data
suggest that despite the increased amount of data
in the scientific literature on the relationship
between DCPs and asthma in the last decades, no
decrease is observed in the occurrence of cleaning-
related WRA.

Epidemiological studies

Epidemiological studies on the association between
occupational exposure to DCPs and asthma are
summarized in Table 1. An increasing number of
studies have been conducted among healthcare
workers, who are particularly frequently exposed
to DCPs, including high-level disinfectants. Recent
studies are also characterized by efforts to improve
assessment of exposure to specific DCPs.

Several results have been published in the con-
text of the Nurses’ Health Study II, a prospective
cohort study of 116429 US female nurses. A job-
task-exposure matrix was designed in this popula-
tion to evaluate exposures to specific DCPs [16]. A
cross-sectional analysis first investigated the asso-
ciation between exposure to specific DCPs and
asthma control among 4102 nurses with asthma
[17]. Using the job-task-exposure matrix, high lev-
els of exposure to formaldehyde, glutaraldehyde,
hypochlorite bleach, hydrogen peroxide, and enzy-
matic cleaners were associated with poor asthma
control; exposure to quaternary ammonium com-
pounds and alcohol were not. A separate analysis
examined the association between hand/arm
hygiene tasks and asthma control, and suggested
an adverse effect of products used for surgical hand/
arm antisepsis [18]. A prospective analysis in the
Nurses’ Health Study II further examined the asso-
ciation of occupational exposure to DCPs with
asthma incidence [19]. Exposure to DCPs was not
associated with incident asthma. However, this
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Table 1. Epidemiological studies on the association between occupational exposure to disinfectants and cleaning products
and asthma outcomes published in 2017-2020

Reference Study design, country,
year Outcome Exposure Main results

Kurth et al. [23] USA, 2012-2014, cross- Current asthma Exposure to cleaning tasks Tasks of cleaning equipment and
sectional study, and products evaluated  environmental surfaces (unadjusted
healthcare workers by questionnaire PR 1.70, 95% CI 1.07-2.71) and
(mean age: 47 years), floor cleaning and maintenance
n=247 (1.88, 1.10~3.22) had

significantly higher prevalence of
current asthma

Casey et al. [27];  USA, 2015, cross-sectional Current asthma Air samples measurements Workers in the department with the
Hawley et al. [26]  study (health hazard for hydrogen peroxide, highest air measurements had
evaluation), hospital peracetic acid, and higher risk of current asthma (SMR
workers (median age: acetic acid 3.47; 95% Cl [1.48- 8.13])
43), n=163 compared with the US population.
In a smaller sub-sample (n=50)
who completed a postshift survey,
increased exposure was associated
with acute nasal and eye irritation
but not significantly with lower
airway symptoms
Dumas et al. [17];  USA, 2014-2015, cross- Asthma control, Current exposure to Products used to clean surface/
Dumas et al. [18] sectional study, female evaluated by the cleaning products/ instruments: weekly self-reported
registered nurses with Asthma Control Test  disinfectants evaluated use of disinfectants to clean
asthma (mean age: 58 by questionnaire and a medical instruments associated with
years), n=4102 JTEM poorly (OR 1.37; 95% CI 1.05-
1.79) and very poorly (1.88;
1.38-2.56) controlled asthma (P-
trend 0.004). Using the JTEM, high
levels of exposure to formaldehyde,
glutaraldehyde, hypochlorite
bleach, hydrogen peroxide, and
enzymatic cleaners were
associated with poor asthma
control (all Ptrend <0.05).
Hand/arm hygiene tasks: dose—
response relationship between
frequency of arm hygiene tasks
(never to >10 times/day) and poor
asthma control

Caridi et al. [21];  USA, 2014, cross-sectional Current asthma; asthma Exposure to cleaning Tasks: cleaning fixed surface
Su et al. [22"] study, healthcare health clusters products/disinfectants associated with increased risk of
workers (mean age: 49 identified by evaluated by current asthma; chemical
years), n=2030 hierarchical clustering  questionnaire and exposures: alcohols associated
exposure clusters with ‘mild asthma symptoms’ and
identified by hierarchical ~ ‘asthma attacks/ exacerbations’.
clustering Bleach associated with ‘mild
asthma symptoms’, ‘undiagnosed/
untreated asthma’, and ‘asthma
attacks/exacerbations’. Enzymes
associated with ‘undiagnosed/
untreated asthma’ and ‘asthma
attacks/exacerbations’.
Exposure clusters: ‘housekeeping/
chlorine’ associated with
‘undiagnosed/untreated asthma’
(OR 3.11; 95% ClI 1.46-6.63)
and ‘asthma attacks/
exacerbations’ (2.71; 1.25-5.86).
‘General cleaning/laboratory’
associated with ‘asthma attacks/
exacerbations’ (2.35; 1.07-5.13).
‘Disinfection products’ associated
with ‘mild asthma symptoms’
(1.81; 1.09-2.99) and
‘undiagnosed/untreated asthma’
(3.42; 1.24-9.39).
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Table 1 (Continved)

Reference Study design, country,

year Outcome

Exposure Main results

Doctor-diagnosed

Weinmann et al. [29] Germany, cross-sectional
asthma

study, workers in
cleaning or health
service (aged 20-24
years), n=265

USA, 2009, prospective
cohort study (~6-year
follow-up), female
registered nurses (mean
age: 55 years),
n=61538

Dumas et al. [19] Asthma incidence

Dumas et al. [20"]  USA and Canada, 2010- Asthma incidence
2018, prospective
cohort study (~4-year
follow-up), female nurses
(mean age: 34 years),
n=17280

New Zealand, 2008-
2010, cross-sectional
study, 425 cleaners
(mean age: 45 years)
and 281 reference
workers (mean age: 40
years)

USA, 2016-2017, cross-
sectional study, certified
nurse aides (mean age
38 years), n=239

Current asthma

Brooks et al. [28]

Patel et al. [24] New-onset asthma,
BHR-related

symptoms

Exposure to disinfectants for more
than 12 months associated with
doctor-diagnosed asthma (OR:
2.99,95% Cl: 1.36-6.55)

Exposure to disinfectants
evaluated by
questionnaire

Weekly use of disinfectants to clean
surfaces only or to clean medical
instruments was not associated with
incident asthma (surfaces: HR
1.12, 95% Cl 0.87-1.43;
instruments: 1.13, 0.87-1.48). No
association was observed between
exposure to specific products
evaluated by the JTEM and asthma
incidence

Current exposure to
cleaning products/
disinfectants evaluated
by questionnaire and a
JTEM

Nurses who reported >5 years of use
of high-level disinfectants (11%)
had increased risk of incident
asthma (HR 1.38, 95% CI 1.03-
1.85)

Duration of exposure to
high level disinfectants
evaluated by
questionnaire

Exposure to cleaning tasks Cleaners had increased risk of
and products evaluated  current asthma. Bleach (OR 1.87;
by questionnaire 95% Cl 1.12-3.14) and
decalcifiers (2.77; 1.11-6.92)
associated with current asthma,
compared with reference workers

New-onset asthma not analyzed
because of low number of cases
(n=11). No significant association
between cleaning/disinfections
tasks and products and BHR-related
symptoms. Highest OR observed
for patient care cleaning and
disinfection (1.71, 95% ClI 0.45-
6.51), instrument cleaning
including endoscopy (1.33, 0.66-
2.68]), surface cleaning including
sprays (1.39, 0.35-5.60),
glutaraldehyde (1.33, 0.66-2.68),
ortho-phthalaldehyde (1.33, 0.66-
2.68)

Exposure to cleaning
products/disinfectants
during the longest held
job, evaluated by a job-
exposure Matrix

All associations presented are based on models adjusted for potential confounders, unless otherwise specified. BHR, bronchial hyperresponsiveness; HR, hazard
ratio; JTEM, job-task-exposure matrix; OR, odds ratio; PR, prevalence ratio; SMR, standardized mortality ratio.

analysis, conducted in a population of late career
nurses (mean age: 55 years), was likely affected by a
healthy worker effect. The Nurses’ Health Study 3, a
prospective cohort of early-to-mid career nurses in
the United States and Canada, offered an opportu-
nity to limit this bias when investigating the asso-
ciation between occupational exposures and
asthma. In a prospective analysis including 17 280
female nurses (mean age: 34 years), nurses who
reported more than 5 years of use of high-level
disinfectants had increased risk of incident asthma
(adjusted hazard ratio [95% CI], 1.38 [1.03-1.85])
[20%"]. No information was available on exposure to
lower level disinfectants and common cleaning
products.
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In a cross-sectional study including 2030 health-
care workers in New York City, Caridi et al. [21]
found that the task of cleaning surfaces was associ-
ated with increased risk of current asthma. Occupa-
tions with the highest risk of current asthma were
environmental service workers and registered
nurses. In the same population, Su et al. [22"] iden-
tified health clusters based on 27 asthma symptom/
care variables, and exposure clusters based on 14
product application during cleaning and disinfect-
ing activities, separately by hierarchical clustering.
This strategy aimed at addressing both asthma het-
erogeneity and the multiplicity of DCP exposures
when examining their association. Several exposure
clusters, reflecting various combination of DCPs use,
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were associated with different asthma clusters. In
particular, the exposure cluster ‘housekeeping/chlo-
rine’ was associated with ‘undiagnosed/untreated
asthma’ and ‘asthma attacks/exacerbations’. ‘Gen-
eral cleaning/laboratory’ was associated with
‘asthma attacks/exacerbations’. ‘Disinfection prod-
ucts’ was associated with ‘mild asthma symptoms’
and ‘undiagnosed/untreated asthma’.

Smaller cross-sectional studies conducted in var-
ious countries and settings reported overall similar
results. In a survey of 347 workers employed at a
veterans administration medical center in the
United States, several cleaning and disinfection
tasks were associated with increased risk of current
asthma, although results should be interpreted with
caution as only unadjusted associations were pre-
sented [23]. In a study of 239 certified nurse aides in
Texas [24], no significant association was observed
between cleaning and disinfection tasks or products
and bronchial hyperresponsivenness-related symp-
toms. However, this study of relatively small size
may have lacked power to detect significant assso-
ciations, despite elevated odds ratios for some expo-
sures. In addition, nurse aides are more often
employed outside hospital than other healthcare
professions (e.g. registered nurses) and may thus
have lower level of exposure to DCPs [21,25]. In a
health hazard evaluation conducted by the National
Institute for Occupational Safety and Health
(NIOSH) in a US hospital including 163 workers,
air samples were collected and analyzed for hydro-
gen peroxide, peracetic acid, and acetic acid [26,27].
Workers in the department with the highest air
measurements had higher risk of current asthma
compared with the US population. Lower and upper
airway symptoms were examined in a sub-sample of
workers (n=50). No significant association between
exposure and lower airway symptoms was reported
[26]. In a cross-sectional study in New Zealand,
cleaning workers (n=425) had higher risk of current
asthma than reference workers [28]. Finally, Wein-
mann et al. [29] examined the relationship between
exposure to disinfectants and asthma among 356
German young adults working in health or cleaning
services. They reported a three-fold increased risk of
asthma after only 12 months of occupational expo-
sure to disinfectants.

In 2013, Siracusa et al. [30] reviewed agents and
activities newly identified as potential causes of
work-related rhinitis, with a focus on irritant-
induced rhinitis. Healthcare and cleaning work, or
DCPs, were among the most frequently reported
activities or agents. Literature reviews on asthma
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and rhinitis in cleaners [10] and healthcare workers
[31] also suggested that exposure to cleaning prod-
ucts was associated with rhinitis and nasal symp-
toms, although data remain limited. In a recent
cross-sectional study of 16099 adults in Norway,
Clarhed et al. [32] examined the association between
occupational exposures to several airbone irritants
or sensitizers evaluated by questionnaire, and
chronic rhinosinusitis defined based on self-
reported symptoms of nasal blocakge or nasal dis-
charge. Participants ever exposed to cleaning agents
had significantly increased risk of chronic rhinosi-
nusitis (adjusted odds ratio: 1.2, 95% confidence
interval: 1.0-1.3). In the health hazard examination
conducted by the NIOSH in a US hospital (described
in the previous section), significantly increased risk
of both acute and chronic nasal symptoms was
found in workers with high exposure to a product
containing hydrogen peroxide, peracetic acid, and
acetic acid [26]. In a cross-sectional study of 543
healthcare workers in France, exposure to quater-
nary ammonium compounds was associated with
work-related nasal symptoms [33].

Due to the irritant properties of many chemicals
contained in DCPs, hypotheses regarding a poten-
tial impact of DCP exposure on COPD and lung
function have emerged in the past few years
[34,35]. Studies conducted on this question since
2016 are summarized in Table 2.

In a large mortality study based on linkage of
Belgian census, register and death certificate data,
higher risk of COPD mortality was found in cleaners
compared with nonmanual workers [36]. In a popu-
lation of 13 259 Hispanic adults in the United States,
occupational exposure to cleaning and disinfecting
solutions was associated with increased risk of
chronic bronchitis [37], consistently with earlier
results from a population-based study in Northern
Europe [35]. In the the UK Biobank, a first analysis
including data from 228 614 adults showed that
current employment as a cleaner was associated
with increased risk of spirometry-defined COPD
[38] A more recent analysis of the UK Biobank
examining complete occupational history in a sub-
sample of 94 551 participants found no association
between ever working as a cleaner, or duration of
cleaning employment, and COPD [39]. These seem-
ingly contradictory results emphasize the need for a
better assessment of occupational exposure to DCPs
(e.g. through the use of job-exposure matrices) over
the lifetime in large cohorts, to clarify exposure
trajectories associated with COPD risk.

www.co-allergy.com 5
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Table 2. Epidemiological studies on the association between occupational exposure to disinfectants and cleaning products
and lung function or chronic obstructive pulmonary disease published in 2016-2020

Study design, country,

Reference year Outcome Exposure Main results

Van den Borre and
Deboosere [36]

Belgium, 1991-2011,
mortality study (census,
register and death
certificate datal),

n=260931 deaths

Cause-specific mortality Current job in 1991
in death certificate (cleaners vs. nonmanual
(ICD 9/10) workers)

SMRs for all-cause mortality (men:
SMR 1.25, 95% Cl 1.22-1.28;
women: 1.10, 1.07-1.13) and for
COPD mortality (men: 2.13, 1.92-
2.37; women 2.03, 1.77-2.31)
were higher among cleaners than
among nonmanual workers

Svanes et al. [41™"]  Europe, 1992-1994,
1998-2002, and
2010-2012,
prospective cohort study,
population-based
sample, n=6235 adults
(mean age: 54 at end of
follow-up)

Decline in FEV;, FVC, Cleaning exposures
FEV,/FVC; incidence  evaluated by
of airway obstruction  questionnaire: cleaning
(postbronchodilator at home, working as

FEV;/FVC<LLN) cleaner

Cleaning activities (both cleaning at
home and working as cleaner)
associated with accelerated FEV;
and FVC decline in women only.
Results were similar in participants
without asthma. No association
between cleaning activities and
FEV,/FVC decline or airway
obstruction

De Matteis et al. [38]; UK, 2006-2010, cross-

De Matteis sectional study,

COPD cases identified Current job/job history
by prebronchodilator

Currently working as domestic
cleaner (PR 1.43, 95% Cl: 1.28-

et al. [39]

Dumas et al. [9™"]

Brooks et al. [28]

Kim et al. [37]

USA, 2009, prospective

New Zealand, 2008-

population-based FEV,/FVC<LIN
sample, n=228614

adults currently working

(mean age: 52)/

n=94551 adults with

complete job histories
(mean age: 56 years)

COPD incidence,
evaluated by
questionnaire

cohort study (6-year
follow-up), female
registered nurses (mean
age: 55 years),
n=73262

Lung function
2010, cross-sectional

study, 425 cleaners

(mean age: 45 years)

and 281 reference

workers (mean age: 40

years)

USA, 2008-2011, cross- Chronic bronchitis

evaluated by
questionnaire

sectional study, Hispanic

adults, n=13259

Current exposure to
cleaning products/
disinfectants evaluated
by questionnaire and a
JTEM

Exposure to cleaning tasks
and products evaluated
by questionnaire

Current exposure to

1.59) or industrial cleaner (1.96,
1.16-3.31) was associated with
increased risk of COPD. Results
were similar in never-smokers and
participants without asthma. Ever
working as a cleaner or duration
of cleaning employment was not
associated with COPD

Weekly use of disinfectants to clean
surfaces only and to clean medical
instruments was associated with
incident COPD (surfaces: HR 1.38,
95% Cl 1.13-1.68; instruments:
1.31, 1.07-1.61). Using the
JTEM, high-level exposure to
glutaraldehyde, bleach, hydrogen
peroxide, alcohol, and quaternary
ammonium compounds was
significantly associated with COPD

incidence

Cleaners had lower lung function
(FEV4, FVC) than reference
workers; use of bleach and specific
sprays among cleaners associated
with lower FEV% predicted,
compared with reference workers

Participants exposed to cleaning or

various agents, including  disinfecting solutions had a higher

cleaning and disinfecting

solutions, evaluated by
questionnaire

adjusted prevalence of chronic
bronchitis than those not exposed
(12 .6% (9.1-17.1) vs 11.8%
(9.2-15.1); P=0.024)

All associations presented are based on models adjusted for potential confounders. COPD, chronic obstructive pulmonary disease; FEV;, forced expiratory volume
in 1s; FVC, forced vital capacity; HR, hazard ratio; JTEM, job-task-exposure matrix; LLN, lower limit of normal; PR, prevalence ratio; SMR, standardized mortality
ratio.
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In a cross-sectional study of US working adults,
the highest prevalence of self-reported COPD was
found among healthcare support occupations [40].
In a prospective analysis of 73 262 US female nurses
from the Nurses’ Health Study 11, occupational expo-
sure to DCPs, evaluated by questionnaire and a job-
task-exposure matrix, was significantly associated
with an increased risk of developing COPD [9™].
The association was observed among participants
both with and without asthma. High-level exposure
to several specific disinfectants (i.e. glutaraldehyde,
bleach, hydrogen peroxide, alcohol, and quaternary
ammonium compounds) was significantly associ-
ated with COPD incidence.

In a cross-sectional study in New-Zealand,
cleaners had lower lung function (FEV,, FVC) than
reference workers [28]. In a longitudinal analysis of
6235 adults from the European Community Respi-
ratory Health Survey, cleaning activities (both clean-
ing at home and working as a cleaner) were
associated with accelerated FEV; and FVC decline
[41""]. This result was observed in women only and
independent of asthma. No association was
observed between cleaning activities and FEV,/
FVC decline or airway obstruction. However, there
were only few cases of incident airway obstruction,
and this analysis had limited power [41*,42]. In an
older study in a large French cohort, an association
between occupational exposure to detergents and
lung function was also observed independently of
asthma [43].

Occupational asthma can be induced by allergic
(sensitizer-induced) and nonallergic (irritant-
induced) mechanisms, and both types of mecha-
nisms have been described for DCPs, depending
on the specific causal agent [5,44]. Similarly, occu-
pational rhinitis can be classified as allergic or non-
allergic [30]. Irritant-induced asthma or rhinitis can
be caused by a single high-level (accidental) expo-
sure to irritants or by chronic, lower level (‘daily-
life”) exposure to irritants [30,45,46]. Chronic expo-
sure to inhaled irritants from DCPs may cause injury
of the airway epithelium, oxidative stress and neu-
trophilic airway inflammation [47-49], which are
also relevant to COPD pathogenesis.

Amonyg all cleaning agents reported as likely caus-
ative agents of occupational asthma in THOR surveil-
lance network, 15 low-molecular weight-organic
compounds were identified [13]. According to a Quan-
titative Structure Activity Relationship (QSAR) model,
7 of these 15 agents had a respiratory sensitization
potential. In a smaller subset of 80 patients with
occupational asthma attributed to cleaning agents,
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sensitization mechanism was suggested by the clini-
cian’s evaluation in 84% of cases [14], but could be
confirmed by specific inhalation challenges only in a
small proportion. Among patients with occupational
asthma from cleaning agents in Canada [15], 42% had
a diagnosis of irritant-induced asthma. However, irri-
tant-induced asthma may be largely underestimated
among occupational asthma cases reported by physi-
cians [50], as for this type of asthma, the causal agent
cannot be identified with certainty in a specific worker
[51]. Epidemiological studies examining specific
asthma phenotypes, such as allergic vs. non allergic
asthma are generally consistent with a predominant
role of irritant exposures and the hypothesis of nonal-
lergic mechanisms for workplace exposure to most
DCPs [52-54].

Mechanistic studies on respiratory effects of
inhaled chemicals from DCPs have been reviewed
by Clausen et al. [1™], with a focus on ingredients
from cleaning sprays. Although there is a limited
number of inhalation studies in human, pulmonary
effects have been reported after inhalation of several
agents including chlorine, chloramine, acids, alde-
hydes, and quaternary ammonium compounds
[1™]. Rodent models examining several quaternary
ammonium compounds showed that inhalation of
these chemicals caused pulmonary damage and neu-
trophilic inflammation, and suggested amplified
effects when they were mixed with other chemicals,
such as ethylene glycol [1*"]. Chlorine exposure is
also commonly used in experimental models exam-
ining effects of inhaled irritants on the airway
[44,48,55]. Recent studies have focused on the air-
way epithelial barrier, which plays an important role
in asthma, rhinitis, and COPD [48,55]. Using a mice
model of airway epithelial damage aiming at mim-
icing human accidental exposure to high level of an
irritant agent followed by lower dose irritant expo-
sure (as sometimes observed in irritant-induced
asthma), Van Den Broucke et al. [48] showed that
airway exposure to hypochlorite resulted in airway
hyperreactivity and pulmonary inflammation in
mice with previously damaged epithelial barrier. A
study examining the effects of laundry detergents
(which may contain both irritants and sensitizers)
on human bronchial epithelial cells also supported a
disruptive effect on the epithelial barrier function
[56]. Injury of the epithelium caused by irritant
exposure may increase epithelial permeability,
potentially facilitating penetration of allergens
[56,57]. In mice with preexisting allergic lung
inflammation, chlorine exposure has also been
shown to contribute to potentiation of Th2 response
[57], and to aggravate airway hyperresponsiveness
and inflammation by activation of innate immune
cells [58].
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Oxidative stress has been suggested as one of the
mechanisms for the impact of inhaled irritant clean-
ing products on the airway epithelium [44,59]. In
accordance with this hypothesis, an Italian study of
hospital cleaners reported that potential biomarkers
of oxidative stress in exhaled breath condensate
were higher in cleaners compared with control
workers, whereas fractional exhaled nitric oxide
levels were similar in both groups [47].

Finally, a new interesting hypothesis regarding
mechanisms of health effects of DCPs involves a role
of the microbiome. DCPs, which aim at removing or
inactivating microorganisms, are likely to influence
indoor environmental microbiota, and possibly gut
or airway microbiota, which may in turn impact
respiratory health [2,60,61]. In a Canadian birth
cohort, the use of disinfectants or eco-friendly prod-
ucts for home cleaning was associated with signifi-
cant differences in infants’ gut microbiota
composition [60]. In adults, although DCPs have
not been specifically examined, a few recent studies
suggested that occupational exposures to chemicals
[62], as well as ozone exposure [63], may alter the gut
or airway microbiota.

The adverse effect of occupational exposure to DCPs
in asthma is now well established. However, recent
data showed that the burden of WRA caused by DCP
exposure has not decreased in the past decade,
emphasizing the need to strengthen prevention
efforts [7%,42]. Novel data suggest an association
between occupational exposure to DCPs and other
chronic airway diseases, such as rhinitis, COPD, and
poor lung function, and support the conduct of
further studies. Epidemiological and experimental
data show that many chemicals contained in DCPs
are likely to cause airway damage, indicating
that prevention strategies should target multiple
products and may require the development and
evaluation of ‘green chemistry’ or nonchemical dis-
infection methods [8,64]. Improving local ventila-
tion and use of adequate personal protective
equiment has also been suggested [8]. Recent studies
aiming at improving characterization of DCP expo-
sures [1™,65-70] represent a first step toward the
development of exposure reduction strategies.
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