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Abstract: Although cleaning tasks are frequently performed in daycare, no study has focused on
exposures in daycares in relation to respiratory health. The CRESPI cohort is an epidemiological
study among workers (n~320) and children (n~540) attending daycares. The purpose is to examine
the impact of daycare exposures to disinfectants and cleaning products (DCP) on the respiratory
health of workers and children. A sample of 108 randomly selected daycares in the region of Paris
has been visited to collect settled dust to analyze semi-volatile organic compounds and microbiota,
as well as sample indoor air to analyze aldehydes and volatile organic compounds. Innovative
tools (smartphone applications) are used to scan DCP barcodes in daycare and inform their use; a
database then matches the barcodes with the products’ compositions. At baseline, workers/parents
completed a standardized questionnaire, collecting information on DCP used at home, respiratory
health, and potential confounders. Follow-up regarding children’s respiratory health (monthly
report through a smartphone application and biannual questionnaires) is ongoing until the end of
2023. Associations between DCP exposures and the respiratory health of workers/children will
be evaluated. By identifying specific environments or DCP substances associated with the adverse
respiratory health of workers and children, this longitudinal study will contribute to the improvement
of preventive measures.

Keywords: asthma; epidemiology; indoor air quality; settled dust; environmental and occupational
exposures

1. Introduction

Asthma is a chronic respiratory inflammatory disease affecting around 300 million
people around the world [1–3]. Asthma results from a complex interplay between genetic,
environmental, and behavioral risk factors. Clinical expression of the disease varies over
the course of life. Asthma appears more frequently in childhood [4] than in adulthood [5].
In children, asthma is the most common chronic disease, affecting 11% of the children in
France [4]. Asthma represents a significant economic cost to society [3,6] and is one of
the main causes of hospitalizations and absenteeism among children worldwide. There is
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strong evidence that asthma has its origins in early life, a crucial period in the development
of the immune system.

The importance of studying the impact of early life environment on children′s health
has been emphasized, especially in the context of the Developmental Origins of Health and
Disease (DOHaD) research [7]. Indoor air pollution has been identified as an important
risk factor which may induce or exacerbate asthma [8]. Regarding the respiratory health of
children, some epidemiological surveys have evaluated the impact of early environmental
exposure [1], such as passive smoking, pets, molds, and diet during pregnancy or in early
life [9,10], but the role of household exposure to common products such as care products or
cleaning products has been scarcely studied [11–13]. In industrialized countries, individuals
and especially children spend a large part of the day indoors, at home (20 h/day) [14]
but also in daycares. Some studies measured indoor air quality in daycares [15], but few
have focused on environmental exposures in daycares in relation to children’s respiratory
health. Among them, disinfectants and cleaning products (DCP) have a deleterious role
in respiratory health [13,16], possibly through damage and permeability of respiratory
epithelium [17].

Exposure to DCP is ubiquitous and DCP are commonly used at home [12,13,16,18].
Among adults, household use of these products has been associated with new-asthma
onset, current asthma, poor asthma control, and airway inflammation [19–23], consistent
with results observed for exposures to DCP at work [24–27]. In the European Community
Respiratory Health Survey (ECRHS), it has been shown that weekly use of such products
by women, at work or at home, might induce and accelerate lung function decline com-
parable to that due to smoking 10 to 20 cigarettes per day over 20 years [28]. Exposure
to DCP has also been suggested to be a risk factor for the poor respiratory health of chil-
dren [12,13]. Among children (0–12 years), an excess risk of respiratory symptoms was
suggested due to the daily use of sprays [29] and bleach [30] by parents during home
cleaning. Moreover, frequent use of cleaning sprays and daily use of disinfectants during
pregnancy were associated with wheezing [31], airway inflammation [32], and asthma [33]
in young children.

Exposure to specific DCP in daycares has been scarcely studied [34,35]. However,
children who attend daycares may be particularly exposed because cleaning tasks in
daycares have been strongly increased over the years [17]. Cleaning tasks are, for hygiene
reasons, commonly performed in daycares and often in the presence of children [36].
Among young children, various routes of exposure might be involved: inhalation, dermal
contact, and also ingestion due to their habits to often play on the ground and put hands
and objects such as toys in their mouths. In the context of the "hygiene hypothesis" [17,37],
daycares have been considered a protective environment for the development of asthma
and allergies, with the hypothesis of more diverse microbial exposure in children attending
daycare. However, while daycare attendance may be associated with more diverse bacterial
exposures, studies suggested that infant-care services such as daycares may increase the
risk of viral infections [38], which have been associated with increased risk of wheezing
and asthma [29].

Despite the increasing number of studies on the impact of exposure to DCP on health,
the specific chemical substances involved in impaired respiratory health remain poorly
known [16,34], limiting the opportunity to implement appropriate preventive measures.
DCP are a complex mixture of irritating (chlorine, ammonia) or sensitizing (limonene)
chemicals [12,34,39]. The deleterious role of formaldehyde, a well-known irritant, has been
suggested in nocturnal dry cough among children [40]. Moreover, while associations have
been suggested between some volatile organic compounds (VOCs) and asthma [41,42],
including one study during early childhood [42], associations between specific VOCs
emitted by DCP and asthma have been poorly studied [12].

The limited knowledge on the chemical substances involved is partly due to difficulties
in evaluating exposure to the multiple cleaning substances in epidemiological surveys [34].
Among available assessment methods, self-reporting is the most commonly used, especially
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to evaluate exposure to specific products such as bleach or ammonia. However, self-
reporting may be a source of classification or memory bias, with potentially differential
misclassification bias according to asthma status [43]. The use of the barcodes of products
has been proposed to improve exposure assessment regarding product compositions [44].
We have developed an exposure assessment method using a smartphone application to
scan DCP barcodes and linked them to product compositions [45–48].

Respiratory health and diagnostics of asthma are difficult to evaluate in pre-school age
children, both in clinics and in epidemiology [49], especially because asthma symptoms are
unspecific during early life childhood [50]. Its evaluation is mostly based on the persistence
of respiratory symptoms (wheezing and cough), often associated with viral infections [29],
but also on the presence of comorbidities such as allergic rhinitis or eczema [51]. In
epidemiological studies, the evaluation of respiratory health is often based on standardized
questionnaires [52]. Different wheezing phenotypes, characterized by the age of onset,
different temporal patterns of symptoms, such as transient early wheezing, late-onset
wheezing, or persistent wheezing, have been identified using clinical observations [53]
and statistical classification methods [54]. Irritating and nocturnal cough have also been
identified as relevant phenotypes in childhood asthma [55]. However, there is no validated
objective method for the assessment of young children’s respiratory health that is feasible
easily at a large scale [50], while a smartphone application has been proposed to assess
rhinitis in adults [56].

Novel major hypotheses to understand the mechanisms underlying the relationship
between the early life environment and asthma development include the role of airway
microbiota on the one hand, and the role of epigenetic mechanisms on the other hand.
The recent development of high-throughput sequencing approaches for human microbiota
has provided evidence of its major contribution to health and diseases, such as asthma.
Dysbiosis of the respiratory microbiota, potentially involving several bacterial species,
such as Moraxella, Streptococcus, and Haemophilus, has recently been described in children
with frequent respiratory infections, wheezing, or asthma [57–60]. Moreover, several
risk factors for asthma in the early years of life, such as number of siblings or daycare
setting, have been associated with altered respiratory microbiota in children [57,61,62].
However, the relationship between the daycare environment, including exposure to DCP,
the respiratory microbiota, and the respiratory health of children has not been studied.
On the other hand, recent studies show that environmental exposures may modify gene
expression via epigenetic modifications, especially DNA methylation, and thus influence
the health of individuals. For example, epigenetic signatures associated with environmental
determinants of asthma, such as living on a farm, smoking, and air pollution have been
identified [63–65]. To our knowledge, there are no studies specifically addressing the
impact of exposure to DCP on DNA methylation.

The aim of the CRESPI study is to examine the impact of environmental exposures
to DCP on the respiratory health of workers and children (<4 years) in daycares. Three
specific aims were defined: (1) evaluate environmental exposure to DCP by complementary
and innovative tools, i.e. indoor air and settled dust measurements in daycares, a specific
standardized questionnaire, and identification of substances in the DCP via a database
and a smartphone application to scan barcodes and record information related to the
product use; (2) evaluate the impact of occupational exposure in daycares on the respiratory
health of workers; (3) evaluate the impact of early exposure in daycares on the respiratory
health of young children. In addition to the initial aims of CRESPI, three complementary
projects are in progress. One aims at further characterizing VOCs and semi-volatile organic
compounds (SVOCs) emitted from DCP and care products collected in the daycares, in
experimental test chambers. The two other projects will help better understanding of the
mechanisms in the relationship between the daycare environment, including DCP exposure,
and children’s respiratory health, (i) by studying the associations between the daycare
environment, including indoor microbiota, nasal microbiota, and respiratory health in
young children attending daycare, and (ii) by evaluating the role of DNA methylation
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in the relationship between inhaled exposure to chemical substances from DCP and the
respiratory health in young children attending daycare.

2. Materials and Methods
2.1. Study Design

CRESPI (https://crespi.vjf.inserm.fr/; accessed on 16 May 2023; PI: N Le Moual) is a
longitudinal epidemiological study including young children attending daycares—aged
from 3 months to less than 4 years old—and daycare workers. The CRESPI study aimed to
include 100 daycares with detailed characterizations of indoor air (aldehydes and VOCs),
settled dust (SVOCs and microbiota), and use of DCP evaluated during a one-day visit,
between 2019 and early 2022. The enrollment of around 1000 children (3–45 months at the
daycare visit) and 600 adult workers (18–65 years old) was initially targeted. A longitudinal
follow-up of children′s respiratory health is planned at least until the end of 2023.

Ethical Approval and Consent to Participate

The CRESPI study, coordinated by the French National Institute for Health and
Medical Research (Inserm, references C18-05; ID RCB n◦2018-A02657-48), has been ap-
proved by the French ethic committee ‘Comité de protection des personnes’ (CPP Sud-Est I
n◦2019-38; May 2019) and the French Data Protection Authority ‘Commission Nationale de
l’Informatique et des Libertés” (CNIL n◦919185; October 2019). The CRESPI protocol was
registered in the clinical trials register (NCT n◦04170881). A written informed consent is
obtained from all included participants.

2.2. Recruitment of Daycares

A random sample, drawn from a national file [36], of 400 daycares in the Paris
metropolitan area has been selected. After having tested the protocol in 4 pilot volun-
tary daycares, we progressively contacted the randomly selected daycares until we reached
the aim of at least 100 daycares included. Out of the contacted daycares (n = 185), the
acceptance rate was 55% (n = 102).

By the end of February 2022, we had reached our goal of visiting 100 randomly selected
daycares, with a distribution in terms of geographical location very close to that expected
(Table 1).

Table 1. Distribution of daycares by administrative department (n = 108).

Paris Metropolitan Area
Randomized Daycares (n = 102) Non-Randomized Daycares (n = 6)

Expected Complete Visit Incomplete Visit * Pilot Visits Other Visits

75 34 33 1 2
92 26 25
93 17 15 1 1
94 12 13 2
77 7 7 1
91 4 7

Total 100 100 2 4 2

* Environmental measurements not performed or cleaning products used by workers not scanned.

A total of 108 daycare visits were conducted, including 4 pilot visits and 2 additional
non-randomized daycares among volunteers. When a daycare had accepted to participate
in the CRESPI study, we mailed them information to be distributed to parents and workers,
and we scheduled an in-person meeting with the workers to explain the protocol of the
survey. Then, each daycare was visited by fieldworkers from Inserm to: (1) present the
objectives of the study to the parents/workers, (2) collect by a smartphone application data
on DCP used by workers in the daycare; and by fieldworkers from CSTB to: (3) collect
two samples of settled dust via an adapted vacuum cleaner to analyze SVOCs and envi-
ronmental microbiota, respectively (Figure 1), (4) wipe three different types of surfaces

https://crespi.vjf.inserm.fr/
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to analyze quaternary ammoniums, (5) sample indoor air for the analyses of aldehydes
and VOCs, (6) record ambient parameters (temperature, relative humidity, and carbon
dioxide concentration), (7) collect information on the building (surface, ventilation system,
flooring material, etc.), its environment (traffic intensity, presence of industries, etc.), and
activities of workers including a calendar of cleaning tasks in rooms (toilets, bedroom, etc.)
and surfaces (toys, windows, toddler beds, etc.), and (8) sample the main DCP and care
products used for the emission tests.
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Figure 1. Illustration of some environmental measurements performed in daycares. (a) Indoor air
sampling for aldehyde and VOC analysis; (b) Settled dust sampling with cellulose cartridge for SVOC
analysis; (c) Settled dust sampling with Mitests® for microbiota analysis.

2.3. Exposure Assessment
2.3.1. Environmental Measurements

The measurements were performed in the largest room of the daycare in the section
of the youngest children during normal occupancy over the day. VOCs were sampled on
Tenax 60/80 tubes during 6 h with a Pocket pump (SKC) at an airflow rate of 20 mL/min
and then analyzed through gas chromatography coupled with mass spectrometry (GC/MS)
according to ISO 16000-6 (2021) standard by the CSTB laboratory. Aldehydes were sam-
pled on DNPH cartridges during 6 h with a Gilair Plus pump (Gilian) at an airflow rate
of 300 mL/min and then analyzed through high-performance liquid chromatography
coupled with UV detection (HPLC-UV) according to ISO 16000-3 (2011) standard by the
CSTB laboratory. The flow rate was checked before and after sampling with a TSI 4146
flowmeter (TSI). VOC samples were sent immediately after sampling at ambient tempera-
ture to the laboratory, while aldehyde samples were sent simultaneously in refrigerated
packages (4 ◦C). The target aldehydes were formaldehyde, acetaldehyde, benzaldehyde,
hexaldehyde, and nonanal. A total of 66 VOCs were analyzed including benzene, toluene,
ethylbenzene, xylenes, styrene, decane, undecane, 2-ethylhexanol, limonene, alpha-pinene,
linalool, and siloxanes.

The floor settled dust in the studied room was sampled for SVOC analysis using a
vacuum cleaner (Siemens Z 5.0 extreme power edition) modified for the sampling purpose.
A cellulose cartridge was inserted into the entrance of the vacuum cleaner tube to collect
the dust. The sampling protocol required the vacuum cleaner to be moved across the floor
at a speed of 2 m2/min over a total floor area of 10 m2 in each room, which corresponded to
an average mass of 626 mg (min: 69 mg, median: 432 mg, max: 3628 mg) of sampled dust
(n = 106 daycares). The dust samples were sent immediately after sampling in refrigerated
packages (4 ◦C) to the EHESP laboratory. The collected dust in each cartridge was sieved
using a Retsch AS 200 vibratory sieve shaker (Retsch GmbH, Haan, Germany) to retain
dust with a diameter of ≤100 µm. After sieving, the average mass was 43 mg (min: 1.8 mg,
median: 24 mg, max: 705 mg; n = 106 daycares). The sieved dust was then stored at
−18 ◦C in a hermetically sealed 20 mL amber glass flask until chemical analysis by solvent
extraction and GC-MS/MS. The target SVOCs were synthetic muscs: tonalide (AHTN)
and galaxolide (HHCB); disinfectants/antimicrobials: triclocarban, triclosan and diclosan;
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isothiazolinones: 2-octyl-2H-isothiazol-3-one (OIT), 1,2-benzisothiazol-3(2H)-one (BIT) and
2-methyl-4-isothiazolin-3-one (MIT); one fungicide: 2-phenylphenol; insecticides: bifen-
thrin and geraniol; detergents: 4-n-nonylphenol, 4-tert-butylphenol and 4-tert-octylphenol;
one UV filter: benzophenone; 4-chloro-3-methylphenol (chlorocresol) used as a disinfectant.

A second settled dust sample was collected with the vacuum cleaner, with the tip
previously decontaminated with alcohol (90◦) before introducing the sterile Mitest® car-
tridge. An area (floor covering, floor cushion) of 2 m2 was vacuumed. Then, the cartridge
containing the collected dust was placed in a 50 mL Falcon tube and put in a zip plastic
bag. The samples dedicated to microbiota analysis were stored at room temperature before
being sent to INRAE Transfert laboratory (Narbonne, France).

The ambient parameters, i.e., temperature, relative humidity, and carbon dioxide, were
measured in the studied room continuously over the sampling day with a 10 min time step
with a Class’Air (Pyrescom).

2.3.2. Emissions of VOCs and SVOCs

To complete the missing piece between the products’ composition and the indoor air
concentrations of substances emitted by DCP, the emissions of VOCs and SVOCs by the DCP
were evaluated in experimental test chambers. Care products used in the studied daycares,
such as liquid soap, body wash, and moisturizing cream were also included in the emission
tests. The protocol was adapted from the standards relating to building construction
products, i.e., ISO 16000-9 (2006) and ISO 16516+A1 (2020) standards, and integrated ad
hoc application scenarios for the products to be tested, i.e., spray, liquid product used pure
or diluted, or wipe. In all experiments, the test conditions were (i) chamber temperature
23.0 ± 1 ◦C, (ii) relative humidity 50 ± 5%, and (iii) air change rate 1.5 ± 0.1 h−1. The
samples were collected before the product application and 30, 60, and 90 min after the
application in the test chamber. Aldehydes, VOCs, and SVOCs were sampled and analyzed
according to ISO 16000-3 (2011), ISO 16000-6 (2021), and ISO 16516 + A1 (2020) standards.

2.3.3. Smartphone Applications

During a previous collaboration with Epiconcept (http://www.epiconcept.fr/; accessed
on 16 May 2023), a barcode smartphone application was developed for the assessment of
use of DCP in hospitals [46] and at home [47]. For the CRESPI study, two smartphone
applications have been developed with Epiconcept to evaluate (1) exposures—(a) Inserm
fieldworkers have scanned barcodes of products used by workers in daycares, and workers
have responded to a short face-to-face questionnaire about their use during the visit day,
and (b) parents have scanned barcodes of products used at home and responded to a short
questionnaire about their use—and (2) respiratory health of children, with monthly follow-up
(by the parents).

2.3.4. Database of Cleaning Products

A first database of products scanned in 107 out of the 108 daycares is available and
includes 9985 records of products scanned in the 107 daycares for all workers present in the
daycare during the visit, corresponding to 891 different commercial products (extract online,
Table S1). In addition, the complete composition (ingredient list) of these 891 products,
listed in descending order of ingredient concentration, was recorded from internet searches
or after emailing the manufacturer. Currently, the complete composition of 551 products
and uncompleted composition for 308 products have been found and are available in a
second database. Some products are waiting for a response from the manufacturers (n = 5;
uncompleted composition mostly found), and 4 manufacturers have refused to provide the
exhaustive list of substances in their products (uncompleted composition mostly found).
No information was obtained for 32 products. This work regarding the second database is
in progress and will be finalized in 2023.

http://www.epiconcept.fr/
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2.4. Recruitment and Inclusion of Participants—Sample Size

As of 1 November 2022, out of 108 daycares visited, 2100 workers and 5790 families
(parents) were invited to participate in the CRESPI study (Figure 2) through the daycare
manager, with three reminders sent to the families by e-mail. Despite difficulties and delay
in the recruitment of daycares and participants (Online supplement, Figure S1) due to the
COVID-19 pandemic, 1698 parents and workers accepted to participate (reply coupon) and
we mailed them questionnaires and consent forms. As of 1 November 2022, 51% (863/1698)
returned completed questionnaires and completed/signed consent. Data were collected on
a secure platform (Voozanoo) set up by Epiconcept. Automatic email reminders were set
up monthly from January 2021 to parents/workers who agreed to participate but did not
return their questionnaires/consent. We also set up telephone reminders for participants
who have not returned their questionnaires (n = 835). Data checking is in progress but the
final numbers of participants will be very close to those indicated in Figure 2.
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Figure 2. Summary of recruitment—preliminary results. (a) Summary of daycare workers recruit-
ment; (b) Summary of children recruitment. Around 37% of workers (776/2100) agreed to participate 
at the first step (Figure 2a). This response rate can be considered as underestimated—as only 1586 
workers were at work the day of the visit—and is rather around 49% (776/1586). For the parents, 
16% of them (922/5790) have responded positively and 12% (700/5790) have declined to participate. 
We have not received replies for 72% (4168/5790) of the parents (Figure 2b). However, finally, only 
~50% of them returned their questionnaires. 

  

2100 workers invited to participate in the CRESPI cohort 

776 positive responses - reply coupons (37%)

616 (29%) decline individual invitation
708 (34%) non response

324 completed questionnaires  (42%)

452 questionnaires not completed 
(58%) – 1st November 2022

1586 workers present during the 1-day daycare visit 
All of them accepted to complete the Smartphone App

5790 parents invited to participate in the CRESPI cohort 

922 positive responses - reply coupons (16%)

700 (12%) decline invitation
4168 (72%) non response

539 completed questionnaires (58%)

383 questionnaires not completed 
(42%) – 1st November 2022

Figure 2. Summary of recruitment—preliminary results. (a) Summary of daycare workers recruit-
ment; (b) Summary of children recruitment. Around 37% of workers (776/2100) agreed to participate
at the first step (a). This response rate can be considered as underestimated—as only 1586 workers
were at work the day of the visit—and is rather around 49% (776/1586). For the parents, 16% of them
(922/5790) have responded positively and 12% (700/5790) have declined to participate. We have not
received replies for 72% (4168/5790) of the parents (b). However, finally, only ~50% of them returned
their questionnaires.

2.5. Respiratory Health Assessment
2.5.1. Adults—Daycare Workers

Standardized questionnaires, similar to those used in many studies in Europe includ-
ing the epidemiological study on genetic and environmental factors in asthma (EGEA;
https://cohorte-egea.fr/fr; accessed on 16 May 2023) [66] and the European respiratory
health study (ECRHS) [67], were completed at inclusion. For example, we assessed lifetime
asthma (having ever had attacks of shortness of breath at rest with wheezing in the chest or
asthma attacks during life), and among those with lifetime asthma we defined those with
current asthma (having asthma symptoms, an asthma attack, or treatment for asthma in the
last 12 months). We also assessed the respiratory health of daycare workers using the vali-
dated symptom score for both participants with and without asthma, by the sum of positive
responses to the following 5 questions (varies from 0 to 5): wheezing in the chest, waking
up with a feeling of breathlessness, breathlessness attack at rest, breathlessness attack after
exercise, waking up due to breathlessness in the past 12 months [68]. The questionnaire also

https://cohorte-egea.fr/fr
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includes a question on the age of asthma onset, which will allow us to distinguish adult-
onset from childhood-onset asthma. The questionnaire for workers is available in French
on the public CRESPI study website (https://crespi.vjf.inserm.fr/wp-content/uploads/20
21/04/Questionnaire_recueil_donnees_Personnels_de_creche_V4.0_221020_Final.pdf; ac-
cessed on 16 May 2023).

2.5.2. Children

A standardized questionnaire, similar to those previously used in a parent-child cohort
(https://cohorte-sepages.fr; accessed on 16 May 2023), collecting information on the use
of products, respiratory health, and potential confounders was completed by the parents.
For respiratory health, information was collected through the inclusion questionnaire
(paper), a smartphone application (monthly), and/or on the participant secured website
(monthly or biannual). The questionnaire allows to evaluate respiratory symptoms such
as nocturnal cough, bronchiolitis, breathlessness, episodes and frequency of wheezing
in the last 12 months, visits to the emergency room or hospitalizations for respiratory
symptoms, asthma, and the use of asthma-related treatment, particularly inhaled or oral
corticosteroids. We also recorded information on symptoms related to allergic rhinitis
and eczema. The questionnaire for children is available in French on the public CRESPI
study website (https://crespi.vjf.inserm.fr/wp-content/uploads/2021/04/Questionnaire_
recueil_donnees_Enfant_09112020_finale.pdf; accessed on 16 May 2023).

Current wheezing phenotypes at inclusion (2019–2022) will be defined by the inclu-
sion questionnaire, in accordance with definitions used in international studies [28,30,32]:
(i) wheezing in the last 12 months (current wheezing); and (ii) recurrent wheezing (at least
3 wheezing episodes in the last 12 months). The severity of wheezing in the last 12 months
will be assessed in two ways, based on (i) (a) recurrent wheezing status, (b) discomfort
with daily activities, or (c) nocturnal awakening; and (ii) inhaled corticosteroid use and
hospitalization (emergency department visit and/or hospitalization due to bronchiolitis,
wheezy bronchitis, or asthma attacks) in the last 12 months.

Longitudinal wheezing phenotypes will be evaluated based on the information pro-
vided by the parents (i) by questionnaire at inclusion (2019–2022); (ii) every month with the
smartphone application and during 1 year after inclusion; and (iii) every 6 months through
an online questionnaire (2022 to 2023), from infancy to age 4-years.

Moreover, the respiratory health of the children will be evaluated in 2023 by a group of
experts (pediatricians, epidemiologists) using standardized questionnaires and information
from medical records available in the children’s health booklets.

2.6. Data Collection—Preliminary Results

Various databases are available in the CRESPI study and are illustrated in Figure S2
(online supplement). Data checking and preliminary analyses are in progress.

2.6.1. Characteristics of Cleaning Tasks in the Daycares

The characteristics of cleaning tasks are reported in Table 2.

Table 2. Characteristics of cleaning tasks in the daycares (n = 106 daycares).

Characteristics n (%)

Time for floor wet cleaning (multiple answers)

in the morning, before children arrive 40 (37.7)
during the day, in presence of children 7 (6.6)
during the day, without children (during the nap) 11 (10.4)
in the evening, after children depart 66 (62.3)

https://crespi.vjf.inserm.fr/wp-content/uploads/2021/04/Questionnaire_recueil_donnees_Personnels_de_creche_V4.0_221020_Final.pdf
https://crespi.vjf.inserm.fr/wp-content/uploads/2021/04/Questionnaire_recueil_donnees_Personnels_de_creche_V4.0_221020_Final.pdf
https://cohorte-sepages.fr
https://crespi.vjf.inserm.fr/wp-content/uploads/2021/04/Questionnaire_recueil_donnees_Enfant_09112020_finale.pdf
https://crespi.vjf.inserm.fr/wp-content/uploads/2021/04/Questionnaire_recueil_donnees_Enfant_09112020_finale.pdf
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Table 2. Cont.

Characteristics n (%)

Window opening during floor cleaning

during cleaning only 52 (49.1)
after cleaning only 1 (0.9)
during and after cleaning 31 (29.2)
never 6 (5.7)
missing information 16 (15.1)

Time for furniture cleaning (multiple answers)

in the morning, before children arrive 29 (27.3)
during the day, in presence of children 29 (27.3)
during the day, without children (during the nap) 29 (27.3)
in the evening, after children depart 72 (67.9)

Window opening during furniture cleaning

during cleaning only 62 (58.5)
after cleaning only 3 (2.8)
during and after cleaning 29 (27.4)
never 10 (9.4)
missing information 2 (1.9)

Number of DCP used in daycares

1–2 16 (15.1)
3 26 (24.5)
4 30 (28.3)
5 16 (15.1)
6–9 18 (17.0)

2.6.2. Characteristics of Daycare Workers

A preliminary descriptive analysis was conducted on the 309 daycare workers whose
questionnaires were recorded as of 1 November 2022 (Table 3). The average age of the
workers, almost exclusively women, was 43 years, and most of them were never smokers
and taking care of the children. Around 15% and one third of the workers have ever had
asthma and eczema, respectively.

Table 3. Characteristics of daycare workers—preliminary results (n = 309 workers).

Characteristics n (%)

Women 299 (98.4)

Age, years

Mean ± Standard Deviation 43.2 ± 10.2
[min; max] [18.4; 64.8]

Job

Children care 202 (66.4)
Cleaner/Cook/Clothes washing 19 (6.3)
Administrative support 46 (15.1)
Others 37 (12.2)

Educational level

<high school diploma 98 (32.5)
high school to 2-level university 91 (30.1)
>3-level university 113 (37.4)
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Table 3. Cont.

Characteristics n (%)

Smoking status

Never smoker 194 (64.0)
Ex-smoker 73 (24.1)
Smoker 36 (11.9)

Respiratory symptoms

Asthma symptom score, last 12 months
0 261 (85.9)
>1 43 (14.1)

Ever Asthma 45 (14.8)
Asthma attacks, last 12 months 21 (7.0)

Woken by an attack of coughing, last 12 months 49 (16.2)

Eczema, ever 105 (34.4)

2.6.3. Characteristics of Children

A preliminary description on the 501 children whose questionnaires were recorded
as of 1 November 2022 was performed (Table 4). The average age of the children was
23 months. Approximately 30% of them had wheezing, which is consistent with the
prevalence for this age group [29,69].

Table 4. Characteristics of children from daycares—preliminary results (n = 501 children).

Characteristics n (%)

Girls 235 (47.1)

Daycare group

<1 year old 180 (36.1)
1–2 years old 144 (28.9)
>2 years old 131 (26.3)
Grouped sections 43 (8.7)

Age, months

Mean ± Standard Deviation 22.7 ± 10.3

Respiratory symptoms

Wheezing 157 (31.5)
Wheezing and breathlessness 36 (7.2)
Woken by breathlessness 20 (4.2)
Attack of coughing during the night 135 (27.5)
Bronchiolitis 205 (42.6)
Asthma attack 59 (12.1)

Eczema 77 (15.4)

2.7. Biological Assessment
2.7.1. Nasal Swabs for Characterization of Nasal Microbiota

Parents of all children aged ≤ 12 months enrolled in the CRESPI cohort were asked to
collect two nasal swabs in their child. The first swab was collected shortly after the child’s
daycare visit. The second swab is collected at age 24 months. Swab collection is performed
using a standardized protocol tested and validated in the US MARC-35 study [70]. At
both collections, we mail the parents a kit to do the swab at home, including collection
material (Pediatric FLOQ-Swab [Copan, Brescia, Italy] and a vial containing viral transport
media), a specimen transport bag, and a pre-paid mailing box addressed to CSTB. The
collection consists of rubbing the swab gently against the inner wall of each nostril and to
insert the swab in a provided vial. Detailed instructions are provided to the parents, and a
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video is available on the study website (https://crespi.vjf.inserm.fr/index.php/ressources/
#tutoriels; accessed on 16 May 2023). We ask the parents to place the vial in a specimen
transport bag, and to keep it in the refrigerator until they can ship it to CSTB (at their
earliest convenience). Samples are stored at CSTB at −80 ◦C until the end of each collection.
After each collection, all samples are shipped on dry ice to Baylor College of Medicine
(Houston, TX, USA) for microbiota profiling.

2.7.2. Buccal Cells for Characterization of the DNA Methylation

Parents of children enrolled in the CRESPI cohort were asked to collect buccal swabs
in their child using a simple, quick, and non-invasive protocol (via a cytobrush) with a kit
specially designed to collect DNA from children by their parents (ORAcollect for Pediatrics/
OC-175, DNAGenotek). A simple step-by-step pictorial description of the procedure was
given to parents to correctly perform the collection, which consists of rubbing the inside of
each child’s cheek back and forth about 10 times. The sample was sent by the parents to
CSTB and stored at room temperature for less than 1 year. DNA was then extracted by a
company recognized for this expertise (i.e., DNA Genotek, Qiagen). DNA methylation is
measured by a state-of-the-art Illumina chip (EPIC chip) allowing to cover 850,000 CpG
sites by the CNRGH (French National Center of Human Genomics research), a laboratory
internationally recognized in the genomics and postgenomics field. This is the most widely
used method in epidemiological studies.

2.8. Statistical Analyses

Statistical analyses will be performed to evaluate the associations between environ-
mental exposures in daycares, evaluated through complementary and precise methods
(e.g., measurements of VOCs and SCOVs, DCP emissions, smartphone application), and
respiratory health of workers and children, after adjustment for potential confounders. The
main outcomes will be current asthma in workers, and wheezing outcomes in children.
Among children, longitudinal wheezing phenotypes will be defined by longitudinal latent
class analysis (statistical clustering approach), making full use of data collected by ques-
tionnaire during follow-up (first monthly and then every six months), from infancy to age
4-years. The impact of DCP exposures on asthma and other respiratory symptoms such as
nocturnal cough will be specifically evaluated among adults and children.

For example, among workers, associations of the frequency of use in daycares of
cleaning products (such as sprays and wipes) with current asthma and nocturnal cough
will be evaluated by logistic regressions, adjusted for age, smoking status, body mass index
and educational level. Among children, associations of cleaning products used in daycares
with wheezing and nocturnal cough will be evaluated by logistic regressions, adjusted
for gender, age, parental smoking status and educational level. Dependency between
children from the same daycare will be taken into account by generalized estimating
equation models.

Power calculations for exposure variables and respiratory outcomes in children are
presented in Table 5. The minimum detectable Odds Ratio for 80% power is close to values
observed in previous studies for cleaning exposure at home and respiratory outcomes in
children [12].

Table 5. Minimum detectable Odds Ratio for 80% power, according to exposure and respiratory
outcomes in children (examples for wheezing and nocturnal cough).

Cleaning, Daycare * Sprays, Daycare †

Wheezing (31%) 1.51 1.70

Nocturnal cough (27%) 1.56 1.77
Calculation performed with the hypothesis of final population size of 600 children. * For exposure prevalence of
cleaning during the day: 46% vs. cleaning tasks performed in the morning before children’s arrival, according to
Wei et al. [36]. † For exposure prevalence of 18%, according to Wei et al. [36].

https://crespi.vjf.inserm.fr/index.php/ressources/#tutoriels
https://crespi.vjf.inserm.fr/index.php/ressources/#tutoriels
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Analyses will also be conducted to study the relationships between daycare environ-
ment, nasal microbiota, and the respiratory health of children. First, we will characterize
environmental (dust) and nasal microbiota profiles using clustering approaches, such as
partitioning around medoids, using weighted UniFrac distance [59,71]. Then, we will
use multinomial logistic regressions: (1) to determine the association of environmental
exposures in daycare (number and characteristics of occupants, environmental microbiota
(settled dust), indoor air quality, cleaning/disinfection practices) with baseline and lon-
gitudinal nasal microbiota profiles; and (2) to determine the association of baseline and
longitudinal nasal microbiota profiles with respiratory health (wheezing trajectories from
infancy to age 4 years). Finally, we will examine the modulating and/or mediating role
of nasal microbiota in the association between environmental exposures in daycare and
respiratory health, using stratified analyses and formal test for statistical interaction in mul-
tivariable models, and mediation analyses based on the counterfactual framework [72,73].

Analyses will also be conducted to evaluate associations between exposures in day-
cares and DNA methylation among children. Regarding the epigenetic study, among the
multiple exposures to cleaning products measured in CRESPI, we will target in this analysis
the exposures associated with respiratory health in first association studies in CRESPI data.
An agnostic approach (Epigenome Wide Association Studies, EWAS) based on robust linear
regressions adjusted for potential confounders with methylation levels as the response
variable and exposure concentration as the predictor will be used. The EWAS results will
then be examined by enrichment analysis to determine whether the identified CpG sites
are over-represented in specific genomic regions or in specific biological pathways. In
addition, association studies simultaneously taking into account several adjacent CpG sites
(regions) will be applied to search for differentially methylated regions (DMRs) in relation
to exposures to cleaning products.

3. Discussion

While early exposure to irritant or sensitizer DCP may have an impact on the res-
piratory health of young children, few studies have evaluated this topic [12,13]. Among
adults, exposure to DCP is a well-known occupational asthma risk factor, but its impact
on respiratory health has never been studied among daycare workers [12,18]. The CRESPI
cohort has been designed to address these research gaps by collecting detailed exposure
data with novel tools and using standardized methods to evaluate respiratory health in
~540 children attending daycares and ~320 daycare workers.

Current knowledge is insufficient to provide recommendations regarding the use of
safe DCP, despite a strong demand from both consumers and workers. A recent study
suggested that the household use of DCP labelled as ‘green’ might induce fewer risks for cur-
rent asthma, compared to the use of conventional products [74]. Moreover, an association
was observed between weekly household use of DCP classified with a poor Ménag’score®

(D and E), a health risk assessment score allowing to inform the consumers by a simple
labelling on toxicity of cleaning products ingredients (https://www.60millions-mag.com/
2019/08/27/produits-menagers-nocifs-les-premiers-pas-du-menag-score-16406; accessed
on 16 May 2023), and more frequent asthma symptoms among 100 women [48]. The
use of such a score, with a simple and intuitive labelling, might allow to improve public
health prevention. However, additional studies are needed to confirm these recent findings.
Moreover, studying DCP as mixtures of complex substances rather than each substance
individually is helpful for a better understanding of the health impact of DCP [48]. Data
from the CRESPI cohort will allow to further study these recent research topics.

Nevertheless, a weakness of the CRESPI study is that the original purpose of including
1000 children and 600 daycare workers was not reached, linked to the COVID-19 pandemic.
A total of 922 parents and 776 workers have responded positively to participate in the
study, but only 51% of them have sent their questionnaires and consent as of November
2022. The recruitment and visits of daycares were stopped during the first lockdown and
then restarted at a very slow pace (Online supplement; Figure S1). The pandemic might

https://www.60millions-mag.com/2019/08/27/produits-menagers-nocifs-les-premiers-pas-du-menag-score-16406
https://www.60millions-mag.com/2019/08/27/produits-menagers-nocifs-les-premiers-pas-du-menag-score-16406
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in part explain a low participation rate and return of questionnaire/consent forms from
both workers and parents. Participants told us that they did not have time to participate in
CRESPI due to the COVID-19 health crisis. Moreover, potential selection bias may have
occurred in the inclusion phase for both workers and children. To evaluate selection bias
among workers, we will compare the use of DCP among participants and non-participants,
using data from the smartphone application and the ingredient list DCP database available
for all workers present during the one-day daycare visits. To evaluate selection bias among
parents, we will compare information from the reply-coupon of participants who sent their
consent and questionnaires to those who did not.

The originality of the CRESPI study lies in the fact that it is the first epidemiolog-
ical survey focusing on the effect of early environmental exposure to DCP in daycares
on respiratory health in the first years of life, as well as the first one which will allow to
evaluate associations between occupational daycares exposures and health among work-
ers. Moreover, this cohort was set up through multidisciplinary collaborations between
epidemiologists, chemistry researchers, and computer scientists at the cutting edge of
technology. The visits of the daycares have been successful; the daycare acceptance rate
was higher than initially expected, all workers present the one-day daycare visit accepted
to scan DCP used, and all the measurements were conducted as planned. CRESPI benefits
from complementary and innovative technologies, via smartphone applications, to improve
assessment of daycare exposure to DCP. Indoor pollution (aldehydes and VOCs in indoor
air, SVOCs in settled dust) was measured in each daycare. This provides a uniquely precise
database characterizing the daycare environment, a common early-life environment for
many children. Another strength of the CRESPI study is to collect data on the respiratory
health of children and workers through standardized methods (questionnaires) and innova-
tive tools. Moreover, longitudinal data with repeated evaluation of respiratory health will
be available in a relatively large population of more than 500 children, which will permit a
better understanding of impact of DCP on children′s respiratory health.

4. Conclusions

The goal of visiting 100 randomly selected daycares was reached; 9985 products
(861 unique ones with barcodes scanned) have been recorded in daycares. A large set of
data is available related to these products, with their composition, their VOC, and SVOC
emissions, and the indoor concentrations of some of these VOCs and SVOCs, which is
unique to date. Inclusion was closed in December 2022 and the follow-up of children is
funded until June 2023. Furthermore, we aim to pursue the follow-up of children included
in the CRESPI cohort beyond 2023 (conditional to funding) to explore the incidence and
evolution of respiratory health of the children to at least the age of 6. Such a cohort, with a
rich evaluation of exposure to specific DCP substances and of respiratory health, is essential
to evaluate the impact of DCP used in daycares on asthma and to thereafter take adequate
preventive measures for both workers and children.
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www.mdpi.com/article/10.3390/ijerph20105903/s1, Figure S1: Various steps of the set-up of the
CRESPI study; Figure S2: Databases available in the CRESPI cohort; Table S1: Extract of the cleaning
products’ composition database.

Author Contributions: N.L.M., O.D., P.B., B.L.B., E.S., I.P., V.S. and C.M. contributed to write the
initial study protocol, funding proposals, conceptualize the CRESPI study, the data and biological
collections. A.E.N., P.B., C.M. and N.L.M. were responsible for data curation and of the logistical
set-up of the CRESPI study in daycares. E.S., A.E.N., O.D., V.S. and N.L.M. were in charge of the
development/improvement of the smartphone application. N.L.M., O.D., V.S. and C.M. received
funding for various parts of the study. N.L.M. drafted the first version of the manuscript. All authors
have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/ijerph20105903/s1
https://www.mdpi.com/article/10.3390/ijerph20105903/s1


Int. J. Environ. Res. Public Health 2023, 20, 5903 14 of 18

Funding: The CRESPI study (PI: N Le Moual) is supported by Anses (Grant Anses-PNR-EST-2017-1-
101), Ademe (Grant 1762C0021), Fondation de France (Grant 00081167), and ARS Ile de France (Grant
2018-2019). Additional financial support was obtained from ANR (ANR-18-CE36-0002; CRESMINA;
PI: O Dumas); Anses (CHIMAIR-METHYL; Grant ‘Programme Environnement-Santé-Travail de
l’Anses avec le soutien des ministères chargés de l’écologie et du travail’ 2019/1/097; PI: V Siroux);
and Fondation Sante Environnement from the Mutuelle Familiale, Paris, France (Grant AP-FSE-19-001;
CRESPI-EMIS; PI: C Mandin) for the three complementary projects.

Institutional Review Board Statement: The CRESPI study (Inserm C18-05; ID RCB n◦2018-A02657-
48) has been approved by the French ethic commitee ‘Comité de protection des personnes’ (CPP
Sud-Est I n◦2019-38; May 2019) and the French Data Protection Authority ‘Commission Nationale de
l’Informatique et des Libertés” (CNIL n◦919185; October 2019). The CRESPI protocol was registered
in the clinical trials register (NCT n◦04170881). All methods were conducted in accordance with the
ethical standards and relevant guidelines and regulations.

Informed Consent Statement: A written informed consent was obtained from all included participants.

Data Availability Statement: Not applicable.

Acknowledgments: The CRESPI Study Group involves: Nicole Le Moual, Orianne Dumas, Flore
Amat, Anastasie Eworo Nchama, Annabelle Bédard (Inserm U1018, CESP, Villejuif), Corinne Mandin,
Pierre Bonnet, Isabelle Lacaze, Sutharsini Sivanantham, Mélanie Nicolas (CSTB, Champs sur Marne
& Grenoble), Barbara Le Bot, Gaëlle Raffy (EHESP, Rennes), Etienne Sévin (Epiconcept, Paris), and
Valérie Siroux (Inserm U1209, Grenoble). The authors would like to thank all Inserm and CSTB
staff who participated in the setting of the CRESPI study and especially air quality technicians,
fieldworkers, and people involved in quality control and data management for their heavy work. The
authors thank especially the Inserm staff: Clemence Guilhen, Samira Medjahed, and Stéphanie Raoult
des Essarts for their implication in the protocol, the set-up of the survey, the logistic organization,
and visits of daycares; Abderrezack Tafer, Jean-Charles Lodin, Emilie Pacheco Da Silva, Lina Meziani,
Samy Dehissi, Rozenn Delabarre, and Sarah Emamdjomeh for their implication in the study and/or
visit of daycares during their internship; Samy Dehissi and Rozenn Delabarre for recording the
complete compounds list of cleaning products scanned in the daycares; Sarah Idrisse Abdou, Giovanni
Paparella, and Hadja Ndiaye for data entry; and Chloé Landais for her implication in the study, the
checking of data quality, data management, and statistical analysis during her work-linked training
(Inserm). The authors thank Doriane Rousselle, Linda Bessaa, Sharmila Thangarajah, Vincent Amaru,
and Sutharsini Sivanantham from CSTB, Stéphanie Ployard from Epiconcept, and Gaëlle Saramito
and Gaëlle Raffy from EHESP for their implication in the study. A warm thank you also to Isabelle
Pin (Inserm U1209, CHU Grenoble; 2019–2022) and Flore Amat (Inserm U1018, CHU Robert-Debré,
Paris; 2022) for being the referring physicians of the CRESPI study. Lastly, we are grateful to all the
daycare workers and parents who participated in the CRESPI cohort, without whom the study would
not have been possible.

Conflicts of Interest: The authors declared that they have no conflict of interest.

Abbreviations

CRESPI
environmental exposures in dayCares and RESPIratory health of children
and workers

CSTB Scientific and Technical Center for Building
DCP Disinfectants and Cleaning Products
DOHaD Developmental Origins of Health and Disease
ECRHS European Community Respiratory Health Survey

EGEA
Epidemiological study of Genetic and Environmental factors of Asthma,
hyperactivity bronchial and atopy

OR Odds Ratio
SVOC Semi-Volatile Organic Compounds
VOC Volatile Organic Compounds



Int. J. Environ. Res. Public Health 2023, 20, 5903 15 of 18

References
1. Gur, M.; Hakim, F.; Bentur, L. Better understanding of childhood asthma, towards primary prevention—Are we there yet?

Consideration of pertinent literature. F1000Research 2017, 6, 2152. [CrossRef] [PubMed]
2. Diseases, G.B.D.; Injuries, C. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: A systematic

analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. Available online: https://www.thelancet.com/
pb-assets/Lancet/gbd/summaries/diseases/asthma.pdf (accessed on 16 May 2023).

3. Porsbjerg, C.; Melen, E.; Lehtimaki, L.; Shaw, D. Asthma. Lancet 2023, 401, 858–873. [CrossRef] [PubMed]
4. Delmas, M.C.; Guignon, N.; Leynaert, B.; Moisy, M.; Marguet, C.; Fuhrman, C. Increase in asthma prevalence among young

children in France. Rev. Mal. Respir. 2017, 34, 525–534. [CrossRef]
5. Delmas, M.C.; Benezet, L.; Ribet, C.; Iwatsubo, Y.; Provost, D.; Varraso, R.; Zins, M.; Leynaert, B.; Nadif, R.; Roche, N. Prevalence

of asthma among adults in France, data from the Constances cohort study. Rev. Mal. Respir. 2021, 38, 797–806. [CrossRef]
6. Asher, I.; Pearce, N. Global burden of asthma among children. Int. J. Tuberc. Lung Dis. 2014, 18, 1269–1278. [CrossRef] [PubMed]
7. Bousquet, J.; Anto, J.M.; Berkouk, K.; Gergen, P.; Pinto Antunes, J.; Augé, P.; Camuzat, P.; Bringer, J.; Mercier, J.; Best, N.; et al.

Developmental determinants in non-communicable chronic diseases and ageing. Thorax 2015, 70, 595–597. [CrossRef]
8. Beasley, R.; Semprini, A.; Mitchell, E.A. Risk factors for asthma: Is prevention possible? Lancet 2015, 386, 1075–1085. [CrossRef]

[PubMed]
9. Barnish, M.S.; Tagiyeva, N.; Devereux, G.; Aucott, L.; Turner, S. Changes in the relationship between asthma and associated risk

factors over fifty years. Pediatr. Allergy Immunol. 2017, 28, 162–169. [CrossRef]
10. Herr, M.; Just, J.; Nikasinovic, L.; Foucault, C.; Le Marec, A.M.; Giordanella, J.P.; Momas, I. Risk factors and characteristics of

respiratory and allergic phenotypes in early childhood. J. Allergy Clin. Immunol. 2012, 130, 389–396.e384. [CrossRef]
11. Vernet, C.; Pin, I.; Giorgis-Allemand, L.; Philippat, C.; Benmerad, M.; Quentin, J.; Calafat, A.M.; Ye, X.; Annesi-Maesano, I.;

Siroux, V.; et al. and the EDEN mother-child cohort study group. In Utero Exposure to Select Phenols and Phthalates and
Respiratory Health in Five Year-old Boys: A Prospective Study. Environ. Health Perspect. 2017, 125, 097006. [CrossRef] [PubMed]

12. Casas, L.; Dumas, O.; Le Moual, N. Indoor Air and Respiratory Health: Volatile Organic Compounds and Cleaning Products. Asthma in
the 21st Century: New Research Advances, 1st ed.; Nadif, R., Ed.; Academic Press: Cambridge, MA, USA, 2022; pp. 135–146.

13. Dumas, O.; Le Moual, N. Damaging effects of household cleaning products on the lungs. Expert Rev. Respir. Med. 2020, 14, 1–4.
[CrossRef] [PubMed]

14. Franklin, P. Household chemicals: Good housekeeping or occupational hazard? Eur. Respir. J. 2008, 31, 489–491. [CrossRef]
15. Quiros-Alcala, L.; Wilson, S.; Witherspoon, N.; Murray, R.; Perodin, J.; Trousdale, K.; Raspanti, G.; Sapkota, A. Volatile organic

compounds and particulate matter in child care facilities in the District of Columbia: Results from a pilot study. Environ. Res.
2016, 146, 116–124. [CrossRef]

16. Folletti, I.; Siracusa, A.; Paolocci, G. Update on asthma and cleaning agents. Curr. Opin. Allergy Clin. Immunol. 2017, 17, 90–95.
[CrossRef]

17. Rook, G.A.W.; Bloomfield, S.F. Microbial exposures that establish immunoregulation are compatible with targeted hygiene.
J. Allergy Clin. Immunol. 2021, 148, 33–39. [CrossRef]

18. Dumas, O. Cleaners and airway diseases. Curr. Opin. Allergy Clin. Immunol. 2021, 21, 101–109. [CrossRef] [PubMed]
19. Zock, J.P.; Plana, E.; Jarvis, D.; Antó, J.M.; Kromhout, H.; Kennedy, S.M.; Künzli, N.; Villani, S.; Olivieri, M.; Torén, K.; et al. The

use of household cleaning sprays and adult asthma: An international longitudinal study. Am. J. Respir. Crit. Care Med. 2007,
176, 735–741. [CrossRef]

20. Dumas, O.; Bedard, A.; Marbac, M.; Sedki, M.; Temam, S.; Chanoine, S.; Severi, G.; Boutron-Ruault, M.-C.; Garcia-Aymerich,
J.; Siroux, V.; et al. Household cleaning and poor asthma control among elderly women. J. Allergy Clin. Immunol. 2021,
9, 2358–2365.e4. [CrossRef]

21. Lemire, P.; Dumas, O.; Chanoine, S.; Temam, S.; Severi, G.; Boutron-Ruault, M.-C.; Zock, J.-P.; Siroux, V.; Varraso, R.; Le Moual, N.
Domestic exposure to irritant cleaning agents and asthma in women. Environ Int. 2020, 144, 106017. [CrossRef]

22. Le Moual, N.; Rava, M.; Siroux, V.; Matran, R.; Nadif, R. Use of household cleaning products, exhaled nitric oxide and lung
function in women. Eur. Respir. J. 2014, 44, 816–818. [CrossRef]

23. Matulonga, B.; Rava, M.; Siroux, V.; Bernard, A.; Dumas, O.; Pin, I.; Zock, J.-P.; Nadif, R.; Leynaert, B.; Le Moual, N. Women using
bleach for home cleaning are at increased risk of non-allergic asthma. Respir. Med. 2016, 117, 264–271. [CrossRef]

24. Le Moual, N.; Carsin, A.E.; Siroux, V.; Radon, K.; Norback, D.; Toren, K.; Olivieri, M.; Urrutia, I.; Cazzoletti, L.; Jacquemin, B.;
et al. Occupational exposures and uncontrolled adult-onset asthma in the ECRHS II. Eur. Respir. J. 2014, 43, 374–386. [CrossRef]
[PubMed]

25. Dumas, O.; Wiley, A.S.; Quinot, C.; Varraso, R.; Zock, J.P.; Henneberger, P.K.; Speizer, F.E.; Le Moual, N.; Camargo, C.A., Jr.
Occupational exposure to disinfectants and asthma control in US nurses. Eur. Respir. J. 2017, 50, 1700237. [CrossRef] [PubMed]

26. Dumas, O.; Varraso, R.; Boggs, K.M.; Descatha, A.; Henneberger, P.K.; Quinot, C.; Speizer, F.E.; Zock, J.P.; Le Moual, N.; Camargo,
C.A., Jr. Association of hand and arm disinfection with asthma control in US nurses. Occup. Environ. Med. 2018, 75, 378–381.
[CrossRef]

https://doi.org/10.12688/f1000research.11601.1
https://www.ncbi.nlm.nih.gov/pubmed/29333254
https://www.thelancet.com/pb-assets/Lancet/gbd/summaries/diseases/asthma.pdf
https://www.thelancet.com/pb-assets/Lancet/gbd/summaries/diseases/asthma.pdf
https://doi.org/10.1016/S0140-6736(22)02125-0
https://www.ncbi.nlm.nih.gov/pubmed/36682372
https://doi.org/10.1016/j.rmr.2016.09.002
https://doi.org/10.1016/j.rmr.2021.05.007
https://doi.org/10.5588/ijtld.14.0170
https://www.ncbi.nlm.nih.gov/pubmed/25299857
https://doi.org/10.1136/thoraxjnl-2014-206304
https://doi.org/10.1016/S0140-6736(15)00156-7
https://www.ncbi.nlm.nih.gov/pubmed/26382999
https://doi.org/10.1111/pai.12674
https://doi.org/10.1016/j.jaci.2012.05.054
https://doi.org/10.1289/EHP1015
https://www.ncbi.nlm.nih.gov/pubmed/28934727
https://doi.org/10.1080/17476348.2020.1689123
https://www.ncbi.nlm.nih.gov/pubmed/31682770
https://doi.org/10.1183/09031936.00170207
https://doi.org/10.1016/j.envres.2015.12.005
https://doi.org/10.1097/ACI.0000000000000349
https://doi.org/10.1016/j.jaci.2021.05.008
https://doi.org/10.1097/ACI.0000000000000710
https://www.ncbi.nlm.nih.gov/pubmed/33284160
https://doi.org/10.1164/rccm.200612-1793OC
https://doi.org/10.1016/j.jaip.2021.02.022
https://doi.org/10.1016/j.envint.2020.106017
https://doi.org/10.1183/09031936.00213813
https://doi.org/10.1016/j.rmed.2016.06.019
https://doi.org/10.1183/09031936.00034913
https://www.ncbi.nlm.nih.gov/pubmed/23949964
https://doi.org/10.1183/13993003.00237-2017
https://www.ncbi.nlm.nih.gov/pubmed/28982772
https://doi.org/10.1136/oemed-2017-104740


Int. J. Environ. Res. Public Health 2023, 20, 5903 16 of 18

27. Archangelidi, O.; Sathiyajit, S.; Consonni, D.; Jarvis, D.; De Matteis, S. Cleaning products and respiratory health outcomes in
occupational cleaners: A systematic review and meta-analysis. Occup. Environ. Med. 2021, 78, 604–617. [CrossRef]

28. Svanes, O.; Bertelsen, R.J.; Lygre, S.H.; Carsin, A.E.; Anto, J.M.; Forsberg, B.; Garcıa-Garcıa, J.M.; Gullon, J.A.; Heinrich, J.;
Holm, M.; et al. Cleaning at Home and at Work in Relation to Lung Function Decline and Airway Obstruction. Am. J. Respir. Crit.
Care Med. 2018, 197, 1157–1163. [CrossRef]

29. Herr, M.; Just, J.; Nikasinovic, L.; Foucault, C.; Le Marec, A.M.; Giordanella, J.P.; Momas, I. Influence of host and environmental
factors on wheezing severity in infants: Findings from the PARIS birth cohort. Clin. Exp. Allergy. 2012, 42, 275–283. [CrossRef]

30. Casas, L.; Espinosa, A.; Borras-Santos, A.; Jacobs, J.; Krop, E.; Heederik, D.; Nemery, B.; Pekkanen, J.; Hyvärinen, A.; Täubel,
M.; et al. Domestic use of bleach and infections in children: A multicentre cross-sectional study. Occup. Environ. Med. 2015,
72, 602–604. [CrossRef] [PubMed]

31. Casas, L.; Zock, J.P.; Carsin, A.E.; Fernandez-Somoano, A.; Esplugues, A.; Santa-Marina, L.; Tardón, A.; Ballester, F.; Basterrechea,
M.; Sunyer, J. The use of household cleaning products during pregnancy and lower respiratory tract infections and wheezing
during early life. Int. J. Public Health 2013, 58, 757–764. [CrossRef]

32. Casas, L.; Zock, J.P.; Torrent, M.; García-Esteban, R.; Gracia-Lavedan, E.; Hyvärinen, A.; Sunyer, J. Use of household cleaning
products, exhaled nitric oxide and lung function in children. Eur. Respir. J. 2013, 42, 1415–1418. [CrossRef] [PubMed]

33. Kojima, R.; Shinohara, R.; Kushima, M.; Horiuchi, S.; Otawa, S.; Yokomichi, H.; Akiyama, Y.; Ooka, T.; Miyake, K.;
Yamagata, Z.; et al. Prenatal occupational disinfectant exposure and childhood allergies: The Japan Environment and Children’s
study. Occup. Environ. Med. 2022, 79, 521–526. [CrossRef]

34. Le Moual, N.; Dumas, O. Asthme et produits ménagers. La Lett. Du Pneumol. 2016, XIX, 280–286.
35. Zhou, C.; Baiz, N.; Zhang, T.; Banerjee, S.; Annesi-Maesano, I.; Group EM-CCS. Modifiable exposures to air pollutants related to

asthma phenotypes in the first year of life in children of the EDEN mother-child cohort study. BMC Public Health 2013, 13, 506.
[CrossRef] [PubMed]

36. Wei, W.; Boumier, J.; Wyart, G.; Ramalho, O.; Mandin, C. Cleaning practices and cleaning products in nurseries and schools: To
what extent can they impact indoor air quality? Indoor Air 2016, 26, 517–525. [CrossRef]

37. Strachan, D.P. Hay fever, hygiene, and household size. BMJ 1989, 299, 1259–1260. [CrossRef] [PubMed]
38. de Hoog, M.L.; Venekamp, R.P.; van der Ent, C.K.; Schilder, A.; Sanders, E.A.; Damoiseaux, R.A.; Bogaert, D.; Uiterwaal, C.S.;

Smit, H.A.; Bruijning-Verhagen, P. Impact of early daycare on healthcare resource use related to upper respiratory tract infections
during childhood: Prospective WHISTLER cohort study. BMC Med. 2014, 12, 107. [CrossRef] [PubMed]

39. Dumas, O.; Le Moual, N. Do chronic workplace irritant exposures cause asthma? Curr. Opin. Allergy Clin. Immunol. 2016,
16, 75–85. [CrossRef]

40. Roda, C.; Guihenneuc-Jouyaux, C.; Momas, I. Environmental triggers of nocturnal dry cough in infancy: New insights about
chronic domestic exposure to formaldehyde in the PARIS birth cohort. Environ. Res. 2013, 123, 46–51. [CrossRef] [PubMed]

41. Tagiyeva, N.; Sheikh, A. Domestic exposure to volatile organic compounds in relation to asthma and allergy in children and
adults. Expert Rev. Clin. Immunol. 2014, 10, 1611–1639. [CrossRef]

42. Rumchev, K.; Spickett, J.; Bulsara, M.; Phillips, M.; Stick, S. Association of domestic exposure to volatile organic compounds with
asthma in young children. Thorax 2004, 59, 746–751. [CrossRef]

43. Delclos, G.L.; Gimeno, D.; Arif, A.A.; Benavides, F.G.; Zock, J.P. Occupational exposures and asthma in health-care workers:
Comparison of self-reports with a workplace-specific job exposure matrix. Am. J. Epidemiol. 2009, 169, 581–587. [CrossRef]
[PubMed]

44. Bennett, D.H.; Wu, X.M.; Teague, C.H.; Lee, K.; Cassady, D.L.; Ritz, B.; Hertz-Picciotto, I. Passive sampling methods to determine
household and personal care product use. J. Expo. Sci. Environ. Epidemiol. 2012, 22, 148–160. [CrossRef]

45. Temam, S.; Lyon-Caen, S.; Félicité, J.; Quinot, C.; Slama, R.; Siroux, V.; Dumas, O.; Le Moual, N. Development of a barcode-based
Smartphone application to assess household exposure to cleaning products. e-Health Res. Int. Congr. 2016; e-poster:1,12.

46. Quinot, C.; Amsellem-Dubourget, S.; Temam, S.; Sevin, E.; Barreto, C.; Tackin, A.; Félicité, J.; Lyon-Caen, S.; Siroux, V.;
Girard, R.; et al. Development of a bar code-based exposure assessment method to evaluate occupational exposure to disinfectants
and cleaning products: A pilot study. Occup. Environ. Med. 2018, 75, 668–674. [CrossRef] [PubMed]

47. Lemire, P.; Temam, S.; Lyon-Caen, S.; Quinot, C.; Sévin, E.; Remacle, S.; Supernant, K.; Slama, R.; Dumas, O.; Siroux, V.; et al.
Comparison of a Barcode-Based Smartphone Application to a Questionnaire to Assess the Use of Cleaning Products at Home and
Their Association with Asthma Symptoms. Int. J. Environ. Res. Public. Health 2021, 18, 3366. [CrossRef]

48. Lemire, P.; Chevallier, E.; Lyon-Caen, S.; Sévin, E.; Boudier, A.; Pacheco Da Silva, E.; De Thuin, C.; Slama, R.; Dumas, O.;
Siroux, V.; et al. Association between household cleaning product profiles evaluated by the Ménag’Score®index and asthma
symptoms among women from the SEPAGES Cohort. Int. Arch. Occup. Environ. Health 2022, 95, 1719–1729. [CrossRef]

49. Radhakrishnan, D.K.; Dell, S.D.; Guttmann, A.; Shariff, S.Z.; Liu, K.; To, T. Trends in the age of diagnosis of childhood asthma.
J. Allergy Clin. Immunol. 2014, 134, 1057–1062.e1055. [CrossRef]

50. Pinart, M.; Albang, R.; Maier, D.; Duran-Tauleria, E.; Mena, G.; Gimeno-Santos, E.; Solà, I.; Garcia-Aymerich, J.; Guerra, S.;
Stein, R.T.; et al. Systematic Review on the Definition of Allergic Diseases in Children: The MeDALL Study. Int. Arch. Allergy
Immunol. 2015, 168, 110–121. [CrossRef]

https://doi.org/10.1136/oemed-2020-106776
https://doi.org/10.1164/rccm.201706-1311OC
https://doi.org/10.1111/j.1365-2222.2011.03933.x
https://doi.org/10.1136/oemed-2014-102701
https://www.ncbi.nlm.nih.gov/pubmed/25838260
https://doi.org/10.1007/s00038-012-0417-2
https://doi.org/10.1183/09031936.00066313
https://www.ncbi.nlm.nih.gov/pubmed/24178935
https://doi.org/10.1136/oemed-2021-108034
https://doi.org/10.1186/1471-2458-13-506
https://www.ncbi.nlm.nih.gov/pubmed/23705590
https://doi.org/10.1111/ina.12236
https://doi.org/10.1136/bmj.299.6710.1259
https://www.ncbi.nlm.nih.gov/pubmed/2513902
https://doi.org/10.1186/1741-7015-12-107
https://www.ncbi.nlm.nih.gov/pubmed/24965189
https://doi.org/10.1097/ACI.0000000000000247
https://doi.org/10.1016/j.envres.2013.03.001
https://www.ncbi.nlm.nih.gov/pubmed/23562392
https://doi.org/10.1586/1744666X.2014.972943
https://doi.org/10.1136/thx.2003.013680
https://doi.org/10.1093/aje/kwn387
https://www.ncbi.nlm.nih.gov/pubmed/19126585
https://doi.org/10.1038/jes.2011.40
https://doi.org/10.1136/oemed-2017-104793
https://www.ncbi.nlm.nih.gov/pubmed/29760172
https://doi.org/10.3390/ijerph18073366
https://doi.org/10.1007/s00420-022-01860-w
https://doi.org/10.1016/j.jaci.2014.05.012
https://doi.org/10.1159/000442414


Int. J. Environ. Res. Public Health 2023, 20, 5903 17 of 18

51. Pinart, M.; Benet, M.; Annesi-Maesano, I.; von Berg, A.; Berdel, D.; Carlsen, K.C.L.; Carlsen, K.H.; Bindslev-Jensen, C.; Eller, E.;
Fantini, M.P.; et al. Comorbidity of eczema, rhinitis, and asthma in IgE-sensitised and non-IgE-sensitised children in MeDALL: A
population-based cohort study. Lancet Respir. Med. 2014, 2, 131–140. [CrossRef]

52. Reddy, M.B.; Covar, R.A. Asthma phenotypes in childhood. Curr. Opin. Allergy Clin. Immunol. 2016, 16, 127–134. [CrossRef]
[PubMed]

53. Martinez, F.D.; Wright, A.L.; Taussig, L.M.; Holberg, C.J.; Halonen, M.; Morgan, W.J. Asthma and wheezing in the first six years
of life. The Group Health Medical Associates. N. Engl. J. Med. 1995, 332, 133–138. [CrossRef]

54. Savenije, O.E.; Granell, R.; Caudri, D.; Koppelman, G.H.; Smit, H.A.; Wijga, A.; de Jongste, J.C.; Brunekreef, B.; Sterne, J.A.;
Postma, D.S.; et al. Comparison of childhood wheezing phenotypes in 2 birth cohorts: ALSPAC and PIAMA. J. Allergy Clin.
Immunol. 2011, 127, 1505–1512.e1514. [CrossRef]

55. Herr, M.; Nikasinovic, L.; Clarisse, B.; Momas, I.; Just, J. Epidemiology of allergic respiratory disorders in infants. Rev. Mal. Respir.
2007, 24, 1314–1328. [CrossRef]

56. Bousquet, J.; Caimmi, D.P.; Bedbrook, A.; Bewick, M.; Hellings, P.W.; Devillier, P.; Arnavielhe, S.; Bachert, C.; Bergmann, K.C.;
Canonica, G.W.; et al. Pilot study of mobile phone technology in allergic rhinitis in European countries. The MASK-rhinitis study.
Allergy 2017, 72, 857–865. [CrossRef] [PubMed]

57. Teo, S.M.; Mok, D.; Pham, K.; Kusel, M.; Serralha, M.; Troy, N.; Holt, B.J.; Hales, B.J.; Walker, M.L.; Hollams, E.; et al. The infant
nasopharyngeal microbiome impacts severity of lower respiratory infection and risk of asthma development. Cell Host Microb.
2015, 17, 704–715. [CrossRef]

58. Depner, M.; Ege, M.J.; Cox, M.J.; Dwyer, S.; Walker, A.W.; Birzele, L.T.; Genuneit, J.; Horak, E.; Braun-Fahrlander, C.;
Danielewicz, H.; et al. Bacterial microbiota of the upper respiratory tract and childhood asthma. J. Allergy Clin. Immunol.
2017, 139, 826–834.e813. [CrossRef]

59. Hasegawa, K.; Mansbach, J.M.; Ajami, N.J.; Espinola, J.A.; Henke, D.M.; Petrosino, J.F.; Piedra, P.A.; Shaw, C.A.; Sullivan, A.F.;
Camargo, C.A., Jr.; et al. Association of nasopharyngeal microbiota profiles with bronchiolitis severity in infants hospitalised for
bronchiolitis. Eur. Respir. J. 2016, 48, 1329–1339. [CrossRef]

60. Biesbroek, G.; Tsivtsivadze, E.; Sanders, E.A.; Montijn, R.; Veenhoven, R.H.; Keijser, B.J.F.; Bogaert, D. Early respiratory microbiota
composition determines bacterial succession patterns and respiratory health in children. Am. J. Respir. Crit. Care Med. 2014,
190, 1283–1292. [CrossRef]

61. Hasegawa, K.; Linnemann, R.W.; Mansbach, J.M.; Ajami, N.J.; Espinola, J.A.; Fiechtner, L.G.; Petrosino, J.F.; Camargo, C.A., Jr.
Household siblings and nasal and fecal microbiota in infants. Pediatr. Int. 2017, 59, 473–481. [CrossRef] [PubMed]

62. Bosch, A.A.T.M.; de Steenhuijsen Piters, W.A.A.; van Houten, M.A.; Chu, M.L.J.L.; Biesbroek, G.; Kool, J.; Pernet, P.; de Groot,
P.-K.C.M.; Eijkemans, M.J.C.; Keijser, B.J.F.; et al. Maturation of the Infant Respiratory Microbiota, Environmental Drivers, and
Health Consequences. A Prospective Cohort Study. Am. J. Respir. Crit. Care Med. 2017, 196, 1582–1590. [CrossRef] [PubMed]

63. Michel, S.; Busato, F.; Genuneit, J.; Pekkanen, J.; Dalphin, J.-C.; Riedler, J.; Mazaleyrat, N.; Weber, J.; Karvonen, A.M.;
Hirvonen, M.-R.; et al. Farm exposure and time trends in early childhood may influence DNA methylation in genes related to
asthma and allergy. Allergy 2013, 68, 355–364. [CrossRef]

64. Joubert, B.R.; Felix, J.F.; Yousefi, P.; Bakulski, K.M.; Just, A.C.; Breton, C.; Reese, S.E.; Markunas, C.A.; Richmond, R.C.; Xu, C.J.;
et al. DNA Methylation in Newborns and Maternal Smoking in Pregnancy: Genome-wide Consortium Meta-analysis. Am. J.
Hum. Genet. 2016, 98, 680–696. [CrossRef] [PubMed]

65. Hew, K.M.; Walker, A.I.; Kohli, A.; Garcia, M.; Syed, A.; McDonald-Hyman, C.; Noth, E.M.; Mann, J.K.; Pratt, B.; Balmes, J.; et al.
Childhood exposure to ambient polycyclic aromatic hydrocarbons is linked to epigenetic modifications and impaired systemic
immunity in T cells. Clin. Exp. Allergy 2015, 45, 238–248. [CrossRef] [PubMed]

66. Kauffmann, F.; Dizier, M.H.; Annesi-Maesano, I.; Bousquet, J.; Charpin, D.; Demenais, F.; Ecochard, D.; Feingold, J.; Gormand, F.;
Grimfeld, A.; et al. EGEA (Epidemiological study on the Genetics and Environment of Asthma, bronchial hyperresponsiveness
and atopy)—Descriptive characteristics. Clin. Exp. Allergy 1999, 29 (Suppl. 4), 17–21.

67. The European Community Respiratory Health Survey II. Eur. Respir. J. 2002, 20, 1071–1079. [CrossRef]
68. Sunyer, J.; Pekkanen, J.; Garcia-Esteban, R.; Svanes, C.; Künzli, N.; Janson, C.; de Marco, R.; Antó, J.M.; Burney, P. Asthma score:

Predictive ability and risk factors. Allergy 2007, 62, 142–148. [CrossRef]
69. Herr, M.; Nikasinovic, L.; Foucault, C.; Le Marec, A.M.; Giordanella, J.P.; Just, J.; Momas, I. Management of wheezing disorders in

infants participating in the PARIS birth cohort. Rev. Mal. Respir. 2012, 29, 52–59. [CrossRef]
70. Luna, P.N.; Hasegawa, K.; Ajami, N.J.; Espinola, J.A.; Henke, D.M.; Petrosino, J.F.; Piedra, P.A.; Sullivan, A.F.; Camargo, C.A., Jr.;

Shaw, C.A.; et al. The association between anterior nares and nasopharyngeal microbiota in infants hospitalized for bronchiolitis.
Microbiome 2018, 6, 2. [CrossRef]

71. Toivonen, L.; Karppinen, S.; Schuez-Havupalo, L.; Waris, M.; He, Q.; Hoffman, K.L.; Petrosino, J.F.; Dumas, O.; Camargo, C.A., Jr.;
Hasegawa, K.; et al. Longitudinal Changes in Early Nasal Microbiota and the Risk of Childhood Asthma. Pediatrics 2020, 146,
e20200421. [CrossRef] [PubMed]

72. Vanderweele, T.J. A three-way decomposition of a total effect into direct, indirect, and interactive effects. Epidemiology 2013, 24,
224–232. [CrossRef]

https://doi.org/10.1016/S2213-2600(13)70277-7
https://doi.org/10.1097/ACI.0000000000000252
https://www.ncbi.nlm.nih.gov/pubmed/26859369
https://doi.org/10.1056/NEJM199501193320301
https://doi.org/10.1016/j.jaci.2011.02.002
https://doi.org/10.1016/S0761-8425(07)78509-1
https://doi.org/10.1111/all.13125
https://www.ncbi.nlm.nih.gov/pubmed/28072463
https://doi.org/10.1016/j.chom.2015.03.008
https://doi.org/10.1016/j.jaci.2016.05.050
https://doi.org/10.1183/13993003.00152-2016
https://doi.org/10.1164/rccm.201407-1240OC
https://doi.org/10.1111/ped.13168
https://www.ncbi.nlm.nih.gov/pubmed/27638139
https://doi.org/10.1164/rccm.201703-0554OC
https://www.ncbi.nlm.nih.gov/pubmed/28665684
https://doi.org/10.1111/all.12097
https://doi.org/10.1016/j.ajhg.2016.02.019
https://www.ncbi.nlm.nih.gov/pubmed/27040690
https://doi.org/10.1111/cea.12377
https://www.ncbi.nlm.nih.gov/pubmed/25048800
https://doi.org/10.1183/09031936.02.00046802
https://doi.org/10.1111/j.1398-9995.2006.01184.x
https://doi.org/10.1016/j.rmr.2011.05.016
https://doi.org/10.1186/s40168-017-0385-0
https://doi.org/10.1542/peds.2020-0421
https://www.ncbi.nlm.nih.gov/pubmed/32934151
https://doi.org/10.1097/EDE.0b013e318281a64e


Int. J. Environ. Res. Public Health 2023, 20, 5903 18 of 18

73. Li, Z.; Rava, M.; Bédard, A.; Dumas, O.; Garcia-Aymerich, J.; Leynaert, B.; Pison, C.; Le Moual, N.; Romieu, I.; Siroux, V.; et al.
Cured meat intake is associated with worsening asthma symptoms. Thorax 2017, 72, 206–212. [CrossRef] [PubMed]

74. Pacheco Da Silva, E.; Sit, G.; Goldberg, M.; Leynaert, B.; Nadif, R.; Ribet, C.; Roche, N.; Zins, M.; Varraso, R.; Dumas, D.; et al.
Household use of green and homemade cleaning products, wipe application mode, and asthma among French adults from the
CONSTANCES cohort. Indoor Air 2022, 32, e13078. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/thoraxjnl-2016-208375
https://www.ncbi.nlm.nih.gov/pubmed/27999171
https://doi.org/10.1111/ina.13078
https://www.ncbi.nlm.nih.gov/pubmed/35904383

	Introduction 
	Materials and Methods 
	Study Design 
	Recruitment of Daycares 
	Exposure Assessment 
	Environmental Measurements 
	Emissions of VOCs and SVOCs 
	Smartphone Applications 
	Database of Cleaning Products 

	Recruitment and Inclusion of Participants—Sample Size 
	Respiratory Health Assessment 
	Adults—Daycare Workers 
	Children 

	Data Collection—Preliminary Results 
	Characteristics of Cleaning Tasks in the Daycares 
	Characteristics of Daycare Workers 
	Characteristics of Children 

	Biological Assessment 
	Nasal Swabs for Characterization of Nasal Microbiota 
	Buccal Cells for Characterization of the DNA Methylation 

	Statistical Analyses 

	Discussion 
	Conclusions 
	References

