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Strengths and limitations of the ELFE cohort : an overview

.

Tableau 1: General strengths and limitations of the ELFE cohort

STRENGTHS LIMITATIONS

Premier French cohort which is nationally representative of births in France since 2010.

Under representation of individuals in very precarious situations

Results from the ELFE study can be used for national and international comparisons

Long process needed to reach an agreement on data collection.

Cost and logistic are major challenges faced during some data collection for e.g. phenotyping.

Father inclusive cohort

Multidisciplinary objectives leading to extensive data collection Lengthy questionnaires may prove burdensome for parents and may be a potential cause for attrition Source of controls for the Epipage2 study (preterm births) and Devhom study (children of same sex parents)

Linkage of social, familial and personal trajectories from birth to educational achievement in France.

Detailed information of learning outcomes in children

Key Points of Chapter 1  ELFE is the primary multidisciplinary national birth cohort in France and was initiated in 2011.

At its inception, 18,329 newborns from 320 maternity units nationwide were recruited.  ELFE is a father inclusive cohort.  Extensive data collection from both parents during pregnancy and early life has been undertaken.  Internationally validated questionnaires have been used for data collection.  Collaborator in ENREICO.  The ELFE biobank contains biological data collected for future research (i.e. Data collected at birth will be used for understanding long term effects in the adolescent and adulthood period) https://elfe.site.ined.fr/en/the-elfe-study/how-does-it-work/pilot-study/ Abstract

• Identify cases and controls for nested case control study (EBRA-ELFE)

Context

Effect of indoor exposure to multiple micro-organisms (fungi, bacteria, dust mites) from birth to childhood and subsequent development of asthma is a pertinent question that remains unanswered. This gap could be attributed to lack of studies employing standardized samplings and targeted microbial analysis. In 2011, the Etude Longitudinale Française depuis l'Enfance (ELFE) cohort successfully defined a standardized sampling procedure: Electrostatic Dust collectors (EDC), and utilized it for qPCR targeting across 3193 dwellings. The cohort is currently in year 5, and has designed a nested case-control study (60 asthmatic vs 60 non asthmatic children) to capture microbial profiles at age 5, for comparison with microbial profiles of the same population at birth (previously ascertained in 18,329 infants).

Methods

Parental responses to annually administered, modified versions of International study of asthma and allergies in childhood (ISAAC) questionnaires were used for data collection. Casecontrol selection was done from the population that had a viable EDC at birth (2011) and at age 5. A stringent criterion of diagnosed asthma, use of inhaler medication and wheezing attacks was used to ascertain cases. Contrastingly, controls were absolutely disease and symptom free (non-asthmatic, no hospitalization for respiratory issues, no cough, rhinitis etc.) from birth to age 5.

Results

1,753 children were considered as our source population as they had viable EDCs at both time points. 52% are boys, 15% asthmatic and 8% have pets. Our criteria resulted in 402 controls and 67 cases, which have been individually matched on season and region of habitation.

Discussion

Previously, we detected 27%-88 % molds, 92-98% bacteria and 48% mites. Based on 6 fungal species, 1 family and 2 genera of bacteria and 1 dust mite, we successfully established 6 different housing profiles across France. We are currently in the process of ascertaining the microbiological profiles of the 60 cases and controls.

Titre : Profils respiratoires et allergiques depuis la naissance facteurs associés en population générale française : résultats de la cohorte ELFE (Étude Longitudinale Française depuis l'Enfance)

Résumé :

La cohorte ELFE (2011) a recruté 18 329 enfants dans 320 maternités à travers la France avec des objectifs multidisciplinaires ; l'un d'entre eux étant de mieux comprendre les trajectoires respiratoires et allergiques en population générale. Afin d'atteindre l'objectif fixé, les analyses ont été menées en 3 parties : • Identifier les cas et les témoins pour l'étude cas-témoins (EBRA-ELFE) -L'effet de l'exposition domestique à de multiples micro-organismes au début de la vie sur le développement ultérieur de l'asthme n'est toujours pas résolu, probablement en raison du manque d'études utilisant un échantillonnage standardisé et une analyse environnementale ciblée. En 2011, la cohorte ELFE a déposé une procédure d'échantillonnage standardisée : collecteur de poussière électrostatique (EDC), dans les chambres à coucher de 3193 enfants à la naissance et ensuite analysé par qPCR pour 20 cibles (moisissures, acariens, bactéries etc.) basées sur le rôle allergène ou potentiellement protecteur dans les maladies allergiques. 27%-88% de moisissures, 92-98% de bactéries et 48% d'acariens ont été détectés dans les logements et sur la base de 6 espèces de champignons, 1 famille et 2 genres de bactéries et 1 acarien, 6 profils de logements différents à travers la France ont été établis. Une nouvelle collecte de poussières de la cohorte après 5 ans de suivi, a été mise en place pour analyser les profils microbiologiques à l'âge de 5 ans, sur la même population sous la forme d'une étude castémoins nichée au sein de la cohorte (60 enfants asthmatiques vs 60 non asthmatiques). La sélection des cas-témoins a été effectuée à partir de la population qui avait un EDC viable à la naissance (2011) et à l'âge de 5 ans (N= 1 753 ; 52% de garçons, 15% d'asthmatiques et 8% de propriétaires d'animaux). La détermination des cas était basée sur le diagnostic d'asthme, l'utilisation d'un inhalateur et les crises de sifflements (n=67). En revanche, les témoins étaient absolument exempts de maladie et de symptômes (non asthmatiques, pas d'hospitalisation pour des problèmes respiratoires, pas de toux, de rhinite, etc.) de la naissance à l'âge de 5 ans (n=402). Les cas et les témoins ont été appariés individuellement en fonction de la saison et de la région d'habitation. La vérification des profils microbiologiques des logements des cas et des témoins déterminés à l'âge de 5 ans est actuellement en cours par l'équipe de Besançon.

•

Étude de validation externe d'un score prédictif non invasif de l'asthme La présentation hétérogène des symptômes d'asthme peut contribuer au sous-diagnostic et au traitement de l'asthme préscolaire, ainsi qu'à l'augmentation de la morbidité et des hospitalisations des enfants asthmatiques sévères. Compte tenu de l'augmentation mondiale de la prévalence de l'asthme infantile, il est donc nécessaire de disposer d'outils pronostiques efficaces pour aider les praticiens. La Leicestershire Respiratory Cohort (LRC) a validé un outil simple et non invasif de prédiction de l'asthme en 10 points, facilement utilisable lors d'une seule consultation médicale. L'outil de prédiction de l'asthme a fourni à la cohorte ELFE une occasion unique de déterminer son utilité dans une grande population préscolaire présentant des symptômes hétérogènes. Nous avons constaté que l'outil LRC avait une bonne discrimination et une bonne calibration et qu'il était robuste aux modifications des critères d'inclusion et de résultats.

•

Identifier et caractériser les phénotypes de sifflements chez l'enfant d'âge préscolaire et de l'asthme et détailler leurs caractéristiques de 0 à 5 ans. Le phénotypage de l'asthme au début de la vie reste difficile à appréhender chez l'enfant. En France, le phénotypage de l'asthme pédiatrique sévère a fait l'objet de publications ; avec des résultats parfois divergents.

Sur la base de l'évolution et de la sévérité des symptômes respiratoires/allergiques, nous avons cherché à identifier et à caractériser les profils de sifflements et d'asthme en début de vie dans la population générale, en utilisant respectivement une trajectoire supervisée et une approche non supervisée. Les données ont été collectées à partir des réponses des parents à des versions modifiées du questionnaire ISAAC sur l'eczéma, la rhinite, l'allergie alimentaire, la toux, la respiration sifflante, la dyspnée et les troubles du sommeil dus aux sifflements à trois moments : après la naissance (2 mois), pendant la petite enfance (1 an) et avant l'école (5 ans). L'identification et le phénotypage des groupes ont été basés sur l'évolution des symptômes, des profils cliniques, des facteurs de risque et de protection de la naissance à l'âge de 5 ans. Les profils de respiration sifflante et les phénotypes de l'asthme ont été déterminés à l'âge de 5 ans. Nous avons analysé les profils de sifflements et les phénotypes de l'asthme au début de la vie dans la population générale de la France, l'analyse en clusters supervisée a mis en évidence 4 groupes de siffleurs : Persistants (0,8%), Transitoires (12,1%), Siffleurs incidents à l'âge de 5 ans (13,3%) et Non siffleurs (73,9%). L'analyse non supervisée a mis en évidence 4 phénotypes distincts : Légèrement symptomatique (70%), bronchiolite post-natale avec rhinite persistante (10,2%), asthme précoce sévère (16,9%) et atopie persistante précoce avec sifflements sévère tardifs (2,9%).

Mots clés : asthme, cohortes de naissances, trajectoires, Phénotypes, sifflement, scores prédictifs Title : Early life respiratory and allergic profiles and their associated factors in French general population: findings from the ELFE (Etude Longitudinale Française depuis l'Enfance) cohort

Abstract :

The ELFE cohort (2011) recruited 18,329 children from 320 maternity units across France with multidisciplinary objectives; one of which is gaining a better understanding of respiratory and allergic trajectories in the general population. In order to achieve the stated objective, 3 tasks were undertaken:

 Identify cases and controls for nested case control study (EBRA-ELFE)

The effect of early life indoor exposure to multiple microorganisms and the subsequent development of asthma remains unresolved; possibly due to a lack of studies using standardized sampling and targeted microbial analysis. In 2011, the ELFE cohort deposited a standardized sampling procedure: electrostatic dust collector (EDC), in the bedrooms of 3193 children at birth and then analyzed by qPCR for 20 targets (molds, dust mites, bacteria etc.) based on either allergenic or potentially protective role in allergic diseases. 27%-88 % molds, 92-98% bacteria and 48% mites were detected in dwellings and based on 6 fungal species, 1 family and 2 genera of bacteria and 1 dust mite, 6 different housing profiles across France were established. A new collection of dust from the cohort after 5 years of follow-up, were set up to capture microbial profiles at age 5 years, on the same population in the form of a nested case-control study (60 asthmatic vs. 60 non-asthmatic children). Casecontrol selection was done from the population that had a viable EDC at birth (2011) and at age 5 (N= 1,753; 52% boys, 15% asthmatic and 8% pet owners). Case determination was based on diagnosed asthma, use of inhaler medication and wheezing attacks (n=67). Contrastingly, controls were absolutely disease and symptom free (non-asthmatic, no hospitalization for respiratory issues, no cough, rhinitis etc.) from birth to age 5 (n=402). Cases and controls were individually matched on season and region of habitation. The ascertainment of the microbiological profiles of the dwellings of the determined cases and controls at age 5 is currently underway.

 External validation study of a non-invasive asthma predictive score

Childhood asthma presents a diagnostic challenge due to its heterogeneous symptom presentation.

Such difficulties can contribute to under-diagnosis and treatment of preschool asthma, as well as increased morbidity and hospitalizations of severe asthmatic children. Given the globally increasing prevalence of childhood asthma, effective prognostic tools to aid clinical practitioners are thus needed. The Leicestershire Respiratory Cohort (LRC) proposed a simple non-invasive 10 item asthma prediction tool, easily usable in a single medical consultation. The asthma prediction tool provided ELFE cohort a unique opportunity to determine its utility in a large preschool population with heterogeneous symptom presentation and we found that the LRC tool had good discrimination and calibration and was robust to alterations in inclusion and outcome criteria.



Identify and characterize preschool wheeze profiles and asthma phenotypes along with detailing their characteristics from age 0-5. Early life asthma phenotyping remains an unmet need in pediatric asthma. In France, severe pediatric asthma phenotyping has been done extensively; however, phenotypes in the general population remain underexplored. Based on the course and severity of respiratory/ allergic symptoms we aimed to identify and characterize early life wheeze and asthma profiles in the general population, using a supervised trajectory) and an unsupervised approach respectively. Data was collected using parental responses to modified versions of ISAAC questionnaire on eczema, rhinitis, food allergy, cough, wheezing, dyspnea and sleep disturbance due to wheezing at 3 time points: post-natal (2 months), infancy (age 1) and pre-school (age 5). Identification and phenotyping of clusters was based on the evolution of symptoms, clinical profiles, risk and protective factors from birth till age 5. Wheeze profiles and asthma phenotypes were ascertained at age 5. We successfully determined early life wheeze profiles and asthma phenotypes in the general population of France i.e. Supervised wheeze trajectory of 9,161 children, resulted in 4 wheeze clusters: Persistent (0.8%), Transient (12.1%), Incident wheezers at age 5 (13.3%) and Non wheezers (73.9%). While 9,517 children in unsupervised clusters displayed 4 distinct phenotypes: Mildly symptomatic (70%), Post-natal bronchiolitis with persistent rhinitis (10.2%), Severe early asthma (16.9%) and Early persistent atopy with late onset severe wheeze (2.9%).
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CHAPTER 1

Overview of the ELFE cohort 1 Introduction to the ELFE cohort: Importance of longitudinal data collection

Early life represents a crucial time period in an individual's life, and has been the object of focus in many cohorts. Several reasons point to examining this time period, and at the forefront is the theory of the developmental origin of health and diseases (DOHAD). Encompassed within this theory are several factors that point towards the benefits associated with longitudinal studies commencing from early life: for e.g. ascertaining critical windows of exposure, the ease of analyzing the vulnerability and adaptability of the developing immune system to various exposures, and their subsequent impact in adult life [1].

Historical background of French cohorts (1900s-2000s)

France saw a boom in the establishment of several regional birth cohorts in the 1900s. These cohorts aimed at gaining insight into the effect of environmental contaminants [2,3] or a broader set of exposures [4] on children's health. However, with the advent of the regional birth cohorts, the need for longitudinal data collection and processing on a national level, to better understand life conditions of children (health, socioeconomic) and ascertain exposure levels for pregnant women and children became rapidly apparent. This led to the conception of two national projects by the French Institute for Demographic Studies (Ined) [5] and French Institute for Public Health Surveillance (InVS) [6].

Conception of ELFE cohort (2005-2006)

The projects by Ined and InVS were combined to offer a multidisciplinary approach in a single national birth cohort leading to the conception of the ELFE cohort (Etude Longitudinale Française depuis l'Enfance/French Longitudinal Study since Childhood). The ELFE cohort offered a practical and multidisciplinary platform for recruitment of a nationally representative population at birth with aims of follow up into adulthood [7].

ELFE cohort research themes and sample size (2005-2006)

Nationwide proposals were sent for the selection of research priorities, and based on the responses of 60 teams, 3 predominant themes were determined: health, social sciences and the environment. A feasible sample size was determined as 20,000 births

(1/40 annual births), since it provided adequate statistical power to address the various research questions. For example : If the outcome prevalence is considered at 10%, the sample size provides a power of 90% with an alpha risk of 5% to evidence relative risks from 1.12 to 1.77 (frequency of exposure between 30% to 1%). Considering a less frequent outcome prevalence for e.g. of 1%, the corresponding relative risks would range between 1.41 to 4.1 [7].

Pilot studies (2006-2007)

The multidisciplinary nature, and the conduction of the ELFE project on a national scale, meant provision of resources to support a wide range of questions in various scientific fields. To ensure availability of biological resources for furthering insights into early life exposures, an ELFE biobank was conceived. Scientists developed a protocol detailing collection, processing, and archiving of biological samples collected at birth.

In October 2007, a pilot study (n=301) was conducted to test pre-analytical factors that would affect sample collection and quality of cord blood, maternal urine, breast milk, and maternal hair collection. Owing to the lack of a quality biomarker for pre-analytical validation of milk or urine, the analyses were focused on sample quality of serum and blood. Since coagulation is one of the major issues concerning blood and serum samples, the pre-analytical factors affecting it, were analyzed with soluble CD40 Ligand (sCD40L) ; a quality control tool. A high response rate was noted for cord blood (82%) and the factors affecting coagulation were: use of syringe (relative risk: 2.79 [1.47; 5.31], p < 0.01), maternity unit status (RR: 1.48 [1.03; 2.13] ( private vs. public) and time between collection and centrifugation (RR 1.03 [1; 1.07] (when time between collection and centrifugation > 1 h). Finally, no extreme low values for sCD40L were seen [8].The pilot study contributed to the growing literature stressing the importance of highlighting and recording critical pre-analytical factors, affecting biological data collection, storage and archiving, in large scale projects. The ELFE biobank successfully provided a biological repository for the pilot study, preceding studies and a part has been stored for future research [8].

Another pilot study was conducted (n = 470) to test the questionnaires. This resulted in the removal/ correction of questions based on either poor completion rates and/or lack of sufficient information for full comprehension by participating parents. The investigators responsible for administering the questionnaires underwent a training course, prior to the commencement of participant recruitment [9].

National support and Funding (2010)

In 2010, the ELFE project received support from a joint unit of the French National Institute of Health and Medical Research (Inserm) and Ined. It was also decided that the ELFE project would act as a control group for the Epipage 2 project (study of short and long outcomes of very preterm births) [10]. Initial funding for ELFE was provided by the Ministries of the Environment, Health and Research. The national 'Investment for the Future' research funding programme issued grants for the first 5 years of childhood follow-up [7].

Launch of the ELFE cohort and nationwide recruitment of participants (2011)

2011 witnessed the launch of the ELFE cohort. Of the randomly selected 349 maternity units nationwide, 320 agreed to participate. For cost reduction associated with data collection, stratified sampling, based on the size of the maternity units was undertaken; allowing for oversampling from larger units [7]. Inclusion criteria were full term live births (single or twin at ≥ 33 gestational weeks), mother's age ≥ 18 years, staying within metropolitan France for at least 3 years, while exclusion was based on prematurity and childbirth under 18 years old [7,9]. Recruitment was done in 4 waves : April 1-4, June 27-July 4, September 27-October 4, and November 28-December 5, accounting for seasonal variation. The consent forms, questionnaires and information documents were available in French, Arabic, Turkish and English (commonly spoken languages) [9]. Further details of the cohort are available on the website: https://www.elfe-france.fr/en/ and the questionnaires are accessible on https://www.ELFE-france.fr/en/the-research/access-to-data-and-questionnaires.

Regulatory and Ethical Framework

Ethical approvals for data collection were granted by national advisory committee on information processing in health research (CCTIRS: Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé), national data protection authority (CNIL: Commission Nationale Informatique et Liberté) and the committee for protection of persons engaged in research (CPP: Comité de Protection des Personnes) . Approvals have also been granted by the national committee for statistical information (CNIS: Conseil National de l'Information Statistique) (web link : https://epidemiologie-france.aviesan.fr/epidemiologie-france/fiches/french-longitudinalstudy-from-childhood/fre-fr). Each parent gave written informed consent at the maternity unit and retains the right to withdraw his/her child at any point during the study.

Follow up schedule

Details of the follow up schedule are illustrated in Figure 1. Briefly, the first data collection was done at maternity, followed by telephone interviews at 2 months, 1 year and 2 years for both parents. The intense follow up schedule in infancy was based on having the unique opportunity to collect early life data at a national level. At year 3.5, a phone interview (any one parent) and a home visit was organized. Furthermore, between ages 3-4 years, results of medical examinations were collected for 3,124 ELFE children and 6,815 control children with the collaboration of 30 district maternal and child welfare services. A nursery school survey was also conducted at ages 4-5 for 5,178 ELFE children and 10,877 control children [7]. 

Data collection

Extensive data collection, catering to all disciplines has been undertaken, and the questionnaires are accessible on https://www.ELFE-france.fr/en/the-research/access-to-data-and-questionnaires.

Participation and attrition

Participation and attrition rates from enrolment till year 5 are presented in Figure 2. Withdrawals from the study consisted of families who sent a written request of withdrawal OR could not be contacted in 3 of the 4 waves OR families verbally requesting a withdrawal and could not be contacted thereafter. Families that relocated outside of metropolitan France received a short paper version of the questionnaire due to non-eligibility of telephone interviews. Some participants did not complete the questionnaires in full; however the rate of non-completion has remained stable and low at each wave (4%) [7] Figure 2: Timeline of participation and attrition in the ELFE cohort.

ELFE: a collaborator in European Birth Cohorts for Environmental Health Research (ENRIECO project)

Environmental exposures (chemical, physical and biological) during pregnancy and early life can have adverse effects that can potentially last a lifetime. The longevity of the effects is attributable to, the vulnerability of the developing fetus and infant i.e.

exposure during critical windows of their development, presence of immature metabolic and defense systems and greater absorption due to children having a higher surface area to body weight ratio compared to adults [11].

Pregnancy and birth cohort studies provide the ideal platform to collect data at critical time points to establish causality, however studies often fail to establish critical thresholds and/or causality due to a myriad of reasons for e.g. retrospective design, surrogate exposure or outcome measures and incomplete data collection of confounders. These problems can be overcome through large scale collaboration, paving the way for increased expertise, enhanced data collection and assessment of multiple points [12].

Hence, the European Union funded the Environmental Health Risks in European Birth Cohorts (ENRIECO) project, with the aim of producing coordinated research on the health effects of environmental contaminant exposures, across multiple birth cohorts in Europe. Cohorts were identified through a variety of sources between March 2009 (start of the project) to December 2010. Eligible cohorts including ELFE were approached in 2010 to be a part of the ENRIECO project [12]. Data on various environmental exposures and child health from >35 birth cohorts in Europe is available on www.birthcohortsenrieco.net and also accessible through www.birthcohorts.net.

CHAPTER 2

A nested case control study EMBRASE -ELFE project 2 Introduction to Chapter 2 : A nested case control study (EMBRASE -ELFE)

Childhood asthma is the commonest chronic disease, with an early onset and imposition of a high lifetime burden; affecting both genders equally [13,14]. The 20th century marked a significant rise in its prevalence in Europe, with the 3rd highest prevalence seen in France in the 6-7 year-old population (The International Study of Asthma and Allergies in Childhood-ISAAC study) [15]. A French study (ELIOS) indicated only 25% asthmatic children achieve optimal control in primary care [16]; highlighting the under-diagnoses and under-treatment associated with asthma. Projections for 2025, indicate a 100 million further increase in asthma diagnosis, however, unfortunately, these numbers are considered to be an underestimation [17].

In 2016, the Global burden of disease study estimated the number of people suffering from asthma to be approx. ⁓339.4 million.

Currently, asthma is the 28th disease with the highest burden and is ranked 16th in terms of diseases that cause years lived with disability. Asthma contributed towards 23.7 million Disability Adjusted Life Years (DALYs) globally across all age groups in 2016, indicating that the total burden of disease has remained unchanged since the 90s despite a substantial increase in the world population [14].

Asthma not only creates a substantial burden to individuals (owing to its multi-morbid nature and decreased quality of life due to restricted activities) but also has an adverse emotional and social impact on care-givers/parents and families at large, due to increased need for hospitalization and emergency care.

The 2018 Global asthma report shed light on the financial burden of asthma and it was estimated that the annual direct costs in the United States was more than $3,000 per patient. On a national level (US), total annual asthma costs were around $64 billion in 2011. Similar high costs were seen across Europe, wherein total costs of asthma (15-64 year olds) were €19.3 billion (US$24.7 billion) and approximately £5 billion (US$9.8 billion) in the United Kingdom [14].

According to the estimates of the Global health exchange database in 2017, the prevalence of asthma and related mortality was 272.68 million cases and 0.49 million deaths respectively. The incidence of asthma was 43.1 million new cases/ year, indicating a significant increase in the past 25 years. Peaks of asthma incidence occurred prior to age 5, while prevalence and DALYs peaks were observed between ages 0-14 and 45-74 years [18].

Since asthma remains a pertinent public health issue, one of the research axes in the ELFE cohort is to gain a better understanding of the relationship between a child's environment from birth, and the appearance of allergic and/or asthmatic phenomena, through biological analysis of their dwellings.

2.1

Environmental exposures, genetic predisposition and microbial contaminants: a complex interplay in early life asthma

Asthma can be broadly defined as a heterogeneous, multifaceted collection of syndromes, clinically characterized by bronchial obstruction and chronic airway inflammation [19]. Several presenting phenotypes of asthma have been proposed, however atopic asthma is considered as the commonest presenting phenotype and several studies have contributed greatly in establishing an association between atopy and asthma [20].

Allergy is the clinical manifestation of atopy i.e. the genetic propensity of the immune system to produce exaggerated and harmful responses (IgE antibodies) when exposed to otherwise harmless allergens [21,22]. However, the global increase in asthma prevalence cannot be explained by genetic predisposition alone and multiple etiological components such as indoor and outdoor environmental exposures and microbial contaminants have also been implicated in the development of asthma in early life.

2.2

The Hygiene hypothesis (aka the old friends hypothesis)

The complex interplay between environmental contaminants, microbial exposures and genetic factors in the development of asthma and allergies was first proposed under 'The Hygiene hypothesis' by Dr. David Strachan in 1989. The hypothesis suggested that early life exposure to infections and micro-organisms plays a protective role against development of asthma and allergies (eczema, hay fever, atopy) [23]. The theory garnered a lot of attention and paved the way for further exploration of multiple exposures in numerous scientific studies.

• Infections

While several studies have shown a protective effect of infections such hepatitis A, measles or Bacillus Calmette-Guerin (BCG) immunization against asthma and atopy [24-27], many failed to capture these findings [28][29][30][31] rendering the associations inconclusive. Contrastingly, early life respiratory infections leading to allergic sensitization and a possible increase in the risk of asthma development has also been noted [32].

•

Non infectious microbes (bacterial endotoxins)

The International Study of Asthma and Allergies in Childhood (ISAAC-phase II) provided evidence of an inverse relationship between household endotoxin levels and current wheeze as well as asthma ever [33]. The protective effect of pro-inflammatory microbial agents has been further demonstrated in several studies [34][35][36] and across rural and urban environments [37][38][39].However, inconsistencies have also been seen in these findings , wherein a study demonstrated that early endotoxin exposure was associated with an increased atopic risk in 2 year olds [40] and was also a risk factor in asthma development in inner city environments [41,42].

•

Diversity of microbial exposure: atopic and non-atopic asthma

As opposed to a single component, exposure to a diverse composition of microbial species has been postulated to have a protective effect against asthma and allergies for e.g. a lower prevalence of asthma and allergies was demonstrated in day care centers [43] and households with children attending day care or having pets (cats and dogs) [44]. A similar protective effect against atopy has been demonstrated in studies centered around pet ownership [45][46][47] and evidence is suggestive of a higher reduction in atopic tendencies in case of multiple pets [48] but some studies failed to capture the aforementioned association and in some cases the opposite was seen [49]. Additionally, multiple studies have shown evidence of a low prevalence of atopy in children living on a farm; in high and low income countries alike [50][51][52][53][54][55][56][57][58]. Microbial exposure has also been implicated in the reduction of non-atopic asthma and wheeze in studies assessing farm exposure [56]. However, evidence of the contrary has also been demonstrated for e.g. In a US study, different household microbial exposures were associated with severe atopic and non-atopic asthma in children [59].

•

Cellular and Immune responses to microbe exposure: work in progress

Asthma is a complex disease with indistinct overlapping phenotypes and varying subtypes. For brevity purposes, only 2

subtypes: allergic and non-allergic, are explained below. While both these subtypes are associated with inflammatory changes in airways, their underlying cellular and immune responses differ. Allergic asthma is an IgE mediated immune response to allergens from sources such as dust mite, cockroach, or fungi etc, resulting in a cascade of : lymphocyte responses (TH2 and CD4+), overproduction of cytokines (interleukin (IL) : IL-4, IL-5, IL-9, and IL-13) and eosinophilic airway inflammation.

While, non-allergic asthma is also an acute inflammatory response but it is defined by neutrophils [60][61][62][63][64].

Previously, it was hypothesized that the reduction in allergies due to microbial exposures was based on altering the balance of the TH1/ TH2 model in early life. During the fetal and perinatal period the immune system is tilted in the atopic TH2 direction, and microbial exposures would result in the enhancement of TH1 and suppression of TH2 immune responses. Microbial exposures were hypothesized to activate specific receptors causing a suppression of TH2 cell expansion and consequently a reduction in TH2 mediated diseases: eczema, allergic asthma and hay fever etc. [36,[65][66][START_REF] Martinez | Role of microbial burden in aetiology of allergy and asthma[END_REF]. However, in the light of recent evidence, there is reason to believe that the TH1/ TH2 model might be an oversimplification. For e.g. parasitic infections elicit powerful TH2 responses but are protective against atopy. Furthermore, endotoxin exposure has been associated with reduced cytokine production (Tumour Necrosis Factor-a, Interleukin (IL) 12 and IL-10, Interferon gamma (IFNγ)) by peripheral blood leukocytes, suggestive of a reduced rather than increased TH1 response [36]. Additionally, results from studies on newborns exposed to farming in utero and mice models point towards the possibility of an altered immunoregulatory mechanism i.e. microbial modulation of regulatory T cells leading to reduced TH1 and TH2 immune expression [START_REF] Schaub | Maternal farm exposure modulates neonatal immune mechanisms through regulatory T cells[END_REF][START_REF] Schabussova | Perinatal Maternal Administration of Lactobacillus paracasei NCC 2461 Prevents Allergic Inflammation in a Mouse Model of Birch Pollen Allergy[END_REF].

While multiple studies have provided evidence of the protective effect of microbial exposure against allergies and atopic asthma, similar findings have also been demonstrated in studies assessing the impact of early microbial exposure on nonatopic asthma. In a cross-sectional survey conducted across rural areas of Austria, Germany and Switzerland, farm exposure of children younger than 1 year (compared with those aged 1-5 years) was associated with lower frequencies of asthma (1% [3/218] vs 11% [15/138]), hay fever (3% [7] vs 13% [18]), and atopic sensitization (12% [27] vs 29%). Furthermore, the reduced risk of asthma was independent of atopic sensitization [56]. A similar protective effect of farm animal exposure was also seen against non-atopic wheeze (adjusted odds ratio : 0.45, 95%CI 0.32-0.63) in the GABRIEL Advanced Studies [START_REF] Fuchs | Farming environments and childhood atopy, wheeze, lung function, and exhaled nitric oxide[END_REF].

Also, immune modulatory responses brought into effect by bacterial colonization of airways in early life, have demonstrated to be protective against pathogen mediated non allergic asthma and reducing exaggerated responses to allergens [START_REF] Yasuda | Microbial exposure early in life regulates airway inflammation in mice after infection with Streptococcus pneumoniae with enhancement of local resistance[END_REF][START_REF] Hilty | Disordered Microbial Communities in Asthmatic Airways[END_REF].

2.3

Problems with hygiene hypothesis

Although the hygiene hypothesis is well accepted, conflicting findings from recent studies warrant its skepticism and limit its universal applicability. Furthermore, the hygiene hypothesis fails to explain the considerable global variation in asthma incidence ( ascertained in ISAAC phase III study) [START_REF] Pearce | Worldwide trends in the prevalence of asthma symptoms: phase III of the International Study of Asthma and Allergies in Childhood (ISAAC)[END_REF] and hygiene practices For e.g a high prevalence and severity of asthma was seen in low income countries (Africa , India, South America) [15,[START_REF] Pearce | The Latin American exception: why is childhood asthma so prevalent in Brazil?[END_REF]. Additionally, the hypothesis does not account for pertinent environmental factors (urbanization, farming practices etc.) [START_REF] Van Tilburg Bernardes | Hygiene Hypothesis in Asthma Development: Is Hygiene to Blame?[END_REF]. The hygiene hypothesis stipulated that early life infections reduced the risk of atopic diseases , however infections by rhinovirus (RV) , respiratory syncytial virus (RSV), coinfection of RV and bacterial pathogens (Moraxella catarrhalis and Streptococcus pneumoniae) have shown to increase the risk of asthma symptoms and exacerbations [START_REF] Stein | Respiratory syncytial virus in early life and risk of wheeze and allergy by age 13 years[END_REF][START_REF] Olenec | Weekly monitoring of children with asthma for infections and illness during common cold seasons[END_REF][START_REF] Kloepfer | Detection of pathogenic bacteria during rhinovirus infection is associated with increased respiratory symptoms and asthma exacerbations[END_REF] ; reinforcing the need to revisit the initial assumptions of the hypothesis.

Moreover, the growing literature on the mechanisms of gene-environment (including microbe) interactions involved in asthma development point towards the need for further research to elucidate the underlying molecular pathogenesis [START_REF] Van Tilburg Bernardes | Hygiene Hypothesis in Asthma Development: Is Hygiene to Blame?[END_REF].

Development of asthma: many unknowns

While past epidemiological studies have been successful in highlighting that variability is the hallmark of this disease [START_REF] Strachan | The epidemiology of childhood asthma[END_REF],

however, till date asthma does not have a standardized clinical and epidemiological definition, nor a single easily recognizable diagnostic [START_REF] Sears | Descriptive epidemiology of asthma[END_REF] or predictive marker [START_REF] Savenije | Predicting who will have asthma at school age among preschool children[END_REF]. Owing to its heterogeneous nature, the phenotypes of asthma are also indistinct, overlapping, and susceptible to changes over lifetime. Additionally, the causes, risk and protective factors of childhood asthma still remain elusive; owing to a lack of objective phenotypic measures [START_REF] Pinart | Systematic review on the definition of allergic diseases in children: The medall study[END_REF] and standardized methodology for large collections of biological data from birth to adulthood [START_REF] Gehring | Environmental exposure assessment in European birth cohorts: results from the ENRIECO project[END_REF].

Despite the contribution of several studies towards microbial exposures and asthma development, a gap still exists in our understanding: for e.g. the causal role of microorganisms, exposure to multiple micro-organisms, and the role of lung and gut microbiome in asthma development. Furthermore, protective/ risk thresholds are unavailable for any species and the impact of exposure to multiple contaminants remains to be elucidated [START_REF] Kanchongkittiphon | Indoor environmental exposures and exacerbation of asthma: an update to the 2000 review by the Institute of Medicine[END_REF]. Additionally, the factors affecting the relationship between genetic and environmental factors that increase an individual's predisposition to asthma have yet to be fully understood.

The EBRA-ELFE study: early life microbiome and asthma development

Long term birth cohorts provide a much needed solution to the above mentioned problems, by allowing for designing and establishing standard operating procedures for data collection. Also, the longitudinal nature of the data collected contributes immensely towards a better understanding of the life course, early predictors, contributing factors (risk, protective and allergic), the complex interplay between genes and the environment (including lifestyle and socio-economic determinants) and the causes of the disease.

While ascertainment of critical windows of exposure in asthma development is yet to be elucidated, however, a plethora of the most important body of scientific work is indicative of early life microbial exposure being one of the main factors in asthma development [START_REF] Van Tilburg Bernardes | Hygiene Hypothesis in Asthma Development: Is Hygiene to Blame?[END_REF][START_REF] Arshad | Does exposure to indoor allergens contribute to the development of asthma and allergy?[END_REF].

In order to gain a better understanding of the impact of early life microbial and environmental exposures on asthma development, it is essential to assess large collections of observational data. For this reason, over 100 cohorts have been established in the past 30 years [START_REF] Bousquet | Pooling birth cohorts in allergy and asthma: European union-funded initiatives-a MeDALL, CHICOS, ENRIECO, and GALEN joint paper: CHICOS study group ENRIECO study group GA2LEN study group[END_REF]. Several of these cohorts perform environmental visits and collect samples for e.g. The GABRIELA study looks for molds and bacteria by culture, the PASTURE study measure endotoxins, and a 2014 study used fungal and bacterial qPCR [START_REF] Karvonen | Quantity and diversity of environmental microbial exposure and development of asthma: a birth cohort study[END_REF], however, standardized sampling and targeted analysis of several microorganisms still remains underexplored.

The application of an affordable, reliable and easily applicable standardized methodology for collection of environmental samples, followed by ascertainment microbial exposures through targeted analysis, in longitudinal studies is often of great concern. To address this concern the Environnement Biologique/Risque Allergique (EBRA) -ELFE sub cohort was initiated.

Standard Operational Procedure: Electrostatic dust collector (EDC) and targeted qPCR analysis

The aim of the EBRA-ELFE study was to use a cost efficient, discrete standardized sampling technique which could be easily utilized by participating families and was effective in providing qualitative and quantitative discrimination of microbiological data from nationwide dwellings. To this end, a pilot study was carried out in 53 homes in Picardie, Bourgogne and Franche-Comté in order to develop the Standard Operational Procedure (SOP) for large scale analysis of micro-organisms in the indoor environment.

Electrostatic dust collectors (EDC) were considered and the dust settled on the EDCs was analyzed using targeted qPCR of 6 molds (Alternaria alternata, Aspergillus fumigatus, Aspergillus versicolor, Cladosporium sphaerospermum, Penicillium chrysogenum, Stachybotrys chartarum), 3 bacteria (Enterobacteriaceae, Mycobacteria, Streptomyces) and 1 mite (Dermatophagoïdes pteronyssinus). The 10 targeted microorganisms were chosen due to their implicated role in the development of asthma and/or allergy and also because of their phylogenetic distinctiveness.

The recruitment of newborns was done at birth (2011), across 340 participating maternity units, and across 4 time periods (each representing a season) in a year : April 1 to April 4, from June 27 to July 4, from September 27 to October 4 and October and finally from November 28 to December 5. Volunteer families were given an EDC that was installed in the bedroom of the newborn.

The pilot study resulted in the selection of a type of wipe that retained the least amount of spores and therefore DNA during the rinsing process. The qPCR tests showed good specificity (no crossover) and repeatability (constant qPCR signal) of the selected targets. The samples taken in the houses showed different distributions of the 10 targets. A principal component analysis showed that the presence and quantification of the 10 targets were not related [START_REF] Scherer | QPCR standard operating procedure for measuring microorganisms in dust from dwellings in large cohort studies[END_REF].

Microbiological characterization of nationwide dwellings

Based on the findings of the pilot study, the previously established SOP (EDC and qPCR) was then applied on a large scale i.e.

to describe the microbial composition of French dwellings included in the EBRA-Elfe study. 3193 French dwellings were included in the study (2011) and a partial principal component analysis (taking into account the effect of the month in which the EDC was deposited in the rooms) was performed with respect to 10 qPCR targets. 4 predominant entities seemed to discriminate between the dwellings: A. alternata, other molds, bacteria and mite.

Cluster analysis revealed 6 different housing profiles encompassing all regions across France. The housing profiles were defined based on their contamination with microorganisms:

• Profile 1: very little contamination (Cluster1)

• Profile 2: little bacterial contamination (Cluster 2)

• Profile 3: A profile dominated by A. alternata and the 3 bacteria (Cluster3)

• Profile 4: A profile dominated by the 3 bacteria and the mite (Cluster 4, high levels of all microorganisms)

• Profile 5: A mixed profile with A. alternata, the 3 bacteria and the mite (Cluster 5)

• Profile 6: A profile strongly dominated by A. alternata and the 3 bacteria (Cluster 6)

Although the 6 profiles were present in all regions of France, however, their geographical distributions differed and are shown in Figure 3a. Cluster 3 was found in the central and eastern regions , Cluster 5 and 4 dominated the southwestern and northwestern regions respectively, while Cluster 1 was found mainly in the north of France. When the regional distribution of the clusters was compared to the distribution of childhood wheezing in nursery schools (Fig 3b) [START_REF] Delmas | Prevalence and control of asthma in young children in France[END_REF], it was seen that regions with highest wheezing prevalence (>12.8%) were the same as the regions with high microbial contamination (cluster 4 and 5) and interestingly , the two less contaminated clusters (clusters 1 and 3) corresponded to the regions with the lowest wheezing prevalence (≤9.8%). Furthermore, a partial redundancy analysis (pRDA) performed on the intrinsic characteristics of the dwellings (Figure 4) highlighted a link between the occupancy ratio (number of inhabitants/unit of surface) within the dwellings and the observed D.

pteronyssinus, Enterobacteriacea and C. sphaerospermum contamination. A similar link was seen between the type of dwelling (apartment or house), the presence or absence of pets and the presence of certain microorganisms. The results showed the presence of A. alternata, A. versicolor, Mycobacteria and Streptomyces in houses with pets whereas , in case of apartments and no pets: only A. fumigatus was seen [START_REF] Rocchi | Microbiological characterization of 3193 French dwellings of Elfe cohort children[END_REF]. Similar to the previous study dust sampling via EDC and qPRC analysis was performed. However, in the current study 3,143 dwellings of the previous study were included, the qPCR panel was expanded from 10 to 17 microorganisms (mites and yeast) and the spatial analysis was performed at a higher level (21 regions vs 93 departments).

The above strategy allowed for determining geographical distribution of an increased number of potential species that could influence the development of childhood asthma and allergies. The microorganisms that displayed significant patterns were selected, and factors affecting their geographical distribution (climate and land use) were reported. microorganisms displayed an almost even distribution across the country. We also found that E.nigrum was associated with a forest land cover, Dermatophagoïdes spp was linked to number of precipitation days in January and Cladosporium sphaerospermum was associated with vegetation areas and annual temperature range. However, it is important to mention that climate and land cover accounted for a small variation (1.6%) of microorganism distribution [START_REF] Rocchi | Indoor microbiome: Quantification of exposure and association with geographical location, meteorological factors, and land use in France[END_REF]. The association between climate, land cover use and microorganism compositions in dwellings has been shown in Figure 5. 

EMBRASE-ELFE STUDY

A nested case control study EMBRASE (Microbiological Environment and Allergic Risk, cohort of 5-year-old children), was designed in the EBRA cohort. EMBRASE is a continuation of the EBRA project, and is a multi-collaborative study which aims at understanding the relationship between the biological environment and allergy risk in children from the ELFE cohort. The project plans to perform PCR quantification (qPCR) of 20 biological agents in dust samples from homes of 3,193 children (previously included in the EBRA study) 5 years after the birth. Assessment of the exposome will be completed by metagenomic analysis of 120 homes from children with asthma vs a control group. This new approach will help to identify new microorganisms involved in asthma.

Case control selection

I. AIMS

• Identify agents or their associations which could influence asthma development (protective or deleterious effect).

• Study the effect of cumulative exposure.

• Study links between environmental data collected at birth and at age 5, and health evolution profiles based on respiratory symptoms at 2 months, 1 year and 5 years.

II. METHODOLOGY

• Identify 60 cases and 60 controls having a viable EDC at birth and at age 5.

• Establish a complete list of microorganisms, using metabarcoding analysis, present in the bedrooms of asthmatic children (n=60) at birth and at age 5, versus a control group without asthma (n=60). This will aid in identification of new microorganisms (including non-cultivable ones) which could influence asthma development or protection.

• Five species highlighted by qualitative or quantitative differences between the 2 groups will be selected for specific qPCR assay development and child exposure will be measured (25 QPCR targets) at birth and at 5 years.

III. COLLABORATING TEAMS AND THEIR ROLES

• BORDEAUX : Identify 60 cases and 60 controls.

• BESANCON : Establish a complete list of microorganisms, using metabarcoding analysis, in the bedrooms of the 60 cases and 60 controls.

• PARIS : Identify environmental determinants of the microbial profiles and link them with respiratory outcomes at age 5.

IV. DEFINING ASTHMATIC AND NON ASTHMATIC CHILDREN (CASES AND CONTROLS

RESPECTIVELY)

ISAAC is a worldwide (encompassing over 2 million children), multicentered epidemiological study conducted with the aim to evaluate childhood asthma, allergic rhinitis and eczema in various ethnic backgrounds [START_REF] Mallol | The International Study of Asthma and Allergies in Childhood (ISAAC) Phase Three: A global synthesis[END_REF]. The ISAAC respiratory health questionnaire filled by parents and adolescents (self-reporting) has been a staple in several epidemiological studies and has been validated by many researchers in various countries.

While the lack of objective measurements is a potential limitation for defining asthma, several studies have highlighted the stability of using parental reporting of a history of asthma; as an indicator of childhood asthma. Additionally, parental reporting of a history of asthma reflects the most agreement with the prevalence obtained by a medical diagnosis [START_REF] Marco | An undetected burden of asthma in Italy: The relationship between clinical and epidemiological diagnosis of asthma[END_REF][START_REF] Canova | Epidemiological measures of childhood asthma: Cross-sectional and longitudinal consistency[END_REF][START_REF] Cornish | Validating childhood asthma in an epidemiological study using linked electronic patient records[END_REF].

For the purpose of our case control study, a similar approach was used i.e. parental responses to modified versions of the ISAAC respiratory health questionnaire would be employed to define asthmatics and non-asthmatics. Hence, an extensive literature review was conducted to consolidate the operational definitions of asthma that have been employed by past epidemiological studies using the ISAAC questionnaire. The results of the review have been displayed in Table 2.

Tableau 2: Definition of asthma in past epidemiological studies based on questions used in the ISAAC questionnaire. [105] Wheeze in the past 12 months + any 1 of the following : any lifetime episode of asthma , wheezing due to physical excercise , ≥ 4 episodes of wheezing in the past 12 months , sleep disturbance due to wheezing (at least 1 night/ week)  Alves GdC, 2012 [106] Wheeze in the past 12 months or current use of asthma medication  Robinson CI, 2012 [107] Wheeze in the past 12 months + any 1 of the following : asthma attack ever, asthma ever, use of asthma medication for wheeze or asthma ever.  Delmas MC, 2012 [START_REF] Delmas | Prevalence and control of asthma in young children in France[END_REF] Asthma in the past 12 

Definitions of asthma Study reference, year

V. CRITERIA FOR CASE CONTROL SELECTION (2018) -TEAM DISCUSSION

The selection of cases and controls could not be done in the 1st year of the PhD (Feb 2018-March 2019) due to the unavailability of the data set, however the questionnaires (modified version of ISAAC respiratory questionnaire) administered to participating parents were available to us. A team meeting was held to discuss the findings of the literature review (displayed in table 2) and subsequently choose the relevant respiratory health questions at age 5, which could be used for selection of cases and controls; on the reception of the data set. The selection criterion for the cases and controls decided in the team meeting is shown in Figure 6. 



Important pointers discussed in the meeting

We had to ensure that the controls were symptom free (respiratory and atopy) Moreover, to ensure that no bias is introduced in the study due to geographical variation, matching of the cases and controls was suggested as a necessary requirement. Also, based on the response rate to the questions on atopy (parents and/or siblings), a decision would be made about using atopy as either a matching criteria OR an exclusion criteria.

VI. Descriptive results at age 5

We had complete responses of 11,350 participants at age 5, with an equal distribution of genders: 5,784 (51%) boys and 5,565 (49%) girls. 30.4% (n=3,453) participants responded positively to "Has your child wheezed ever?", while 15.5% (n=1,759) children had "asthma ever". The selected cases and controls were represented equally across all regions of France, hence no matching criteria was applied.

Figure 7 shows the SAS output of cross tabulation of the cases and controls with the region of mother's habitation. 

Random sampling

We couldn't apply any more of the previously discussed criteria and hence a random sampling was done for controls to get the final counts. The corresponding IDs were sent to the Besancon team to initialize the metabarcoding analysis and all the above steps have been summarized in Figure 8. 

VII. REDEFINING CONTROLS -2020

A team meeting was held in late 2019 to discuss the possibility of redefining the controls. A proposition was made to include variables from time points preceding age 5 as well i.e. respiratory, atopy, medication and hospitalization history in early life (2 months and 1 year) and additional respiratory health symptoms at age 5. Furthermore, it was decided to match the cases and controls individually on season and region of residence.

The new selection criteria would allow for identification of children (controls) with no wheezing (2 months, 1 year and 5 years), no parental reporting of a diagnosis of asthma ever, no use of inhaled medications (age 1), no dry cough and rhinitis (age 5) and no history of hospitalization for respiratory problems (2 months and age 5) i.e. the controls would be absolutely symptom free. Applying the new selection criteria for controls and the previously defined one for cases, resulted in the ascertainment of 67 cases and 402 controls, which were then matched individually on season and region of habitation.

Gender distribution within the cases (n=67) was 62.7% boys and 37.3% girls, while for controls (n=67) girls were overrepresented at 61.2% as compared to the 38.8% boys. The corresponding IDs of the 67 cases and 67 controls were then sent to the Besancon team for metabarcoding analysis, to possibly identify new targets that can be tested later.

• Software employed: All analyses were performed with SAS software version 9.3

VIII. Work in progress

• qPCR analysis of environmental data is currently underway by the Besancon team.

• Upon completion the links between respiratory outcomes and qPCR environmental data will be analyzed by the Paris team.

• Five species highlighted by qualitative or quantitative differences between the 2 groups will be selected for specific qPCR assay development and child exposure will be measured (25 QPCR targets) at birth and at 5 years.

IX. Contribution to research and public health

Asthma is major public health issue, which is linked to genetic predisposition but also to environmental exposure. At-risk or protective thresholds are not available for any species, and the impact of exposure to multiple contaminants has been poorly studied up to now. Large collections of observational data, including specific quantification of contaminants and assessment of the exposome during early childhood are essential to help identify the causes of the disease. To that end, the ELFE cohort was initiated (French longitudinal childhood study including 18 329 children, with follow up from birth to adulthood) with multi-disciplinary objectives including assessment of environmental exposure. A first wave of sampling was performed using Electrostatic Dust collectors (EDC) in the dwellings of 3193 children included in the nested EBRA cohort at the time of their birth (2011). EDC were analyzed by quantitative PCR using a panel of 20 targets (molds, mites, bacteria, dogs, cats, and cockroaches) chosen for their allergic or protective effect for allergic diseases. The EMBRASE study, a coherent continuation of the EBRA study, plans to reiterate the sampling for the same children at age 5 (which is the expected age for initial asthma diagnosis). Using metabarcoding analysis, we will establish a complete list of microorganisms present in the bedrooms of asthmatic children (n=60) at birth and at age 5, versus a control group without asthma (n=60), to identify new microorganisms (including noncultivable) which could influence asthma development or protection. Five species highlighted by qualitative or quantitative differences between the 2 groups will be selected for specific QPCR assay development, then the children exposure will be measured (25 QPCR targets) at birth and at 5 years.

The aim will be 1/ to study links between environmental data collected at birth and at age 5, and health evolution profiles based on respiratory symptoms at 2 months, 1 year and 5 year, 2/ to study the effect of cumulative exposure, and 3/to identify agents or their associations which could influence asthma development (protective or deleterious effect).

EMBRASE is a unique opportunity to provide considerable data to determine indoor contamination thresholds or microbial profiles associated with either protection or allergic risk. Thanks to all the available data at the end of the study, we will be able to select a small number of relevant targets that could help to predict risk or protection for asthma development. An inexpensive marker, based on a system with detection and quantification of a reduced number of species, could be performed routinely to assess indoor contamination, and promote preventive measures to protect children from asthma.

This study could also help further research to determine potential candidates for immune-therapy against asthma. Other assets of the project are the precocity of the first sampling (2 months) and the longitudinal nature of the study.

Key Points of Chapter 2 •

Asthma remains a pertinent public health issue due to its heterogeneous and chronic nature.

•

Several presenting phenotypes of asthma have been proposed, however atopic asthma is considered as the commonest presenting phenotype; clinically manifesting as allergy.

•

The complex interplay between environmental contaminants, microbial exposures and genetic factors in the development of asthma and allergies was first proposed under 'The Hygiene hypothesis' by Dr. David Strachan in 1989. The hypothesis suggested that early life exposure to infections and micro-organisms plays a protective role against development of asthma and allergies (eczema, hay fever, and atopy).

•

Conflicting findings from recent studies warrant skepticism of the hygiene hypothesis and limit its universal applicability. The microbial and environmental analysis for 127 French dwellings (67 asthmatics (cases) and 60 non asthmatics (controls) is currently underway.

•

Based on a combination of selected qPCR targets, a contributive marker could be built that could help in diagnosing and improving living conditions, in order to prevent asthma development

Introduction

Individual allergic sensitivity is the main risk factor for asthma development and the early childhood environment is important in the development of allergic diseases [1]. Both protective [2] and harmful effects [3][4][5] of environmental indoor microorganisms have been suggested, but the exact role of bacteria, molds and mites remains unknown, and there is no at-risk or protective threshold available for any species [6]. One explanation is the lack of objective quantification of indoor microbial exposure, which is a major limit in most studies. Moreover, the impact of simultaneous exposure to multiple contaminants (molds, bacteria, and mites) has been poorly studied up to now.

The consideration of the indoor microbiome is indeed new [7] and the relative implication of factors that structure the composition of microbial communities in the built environment remains unknown [8].

The indoor microbial community is a mixture of microorganisms from various outdoor ecosystems that seed the built environment [9]. Regarding the outside environment, the atmosphere has an incredible richness of microbial diversity, with some microorganisms able to have metabolic activities in clouds [10]. Fungi and bacteria are capable of dispersing over great distances through the effect of wind [11], moving up to thousands of kilometres [12,13]. However, the idea that there can be homogeneity in the distribution of spores in the atmosphere is false. Instead, there are varieties of regional and local atmospheres and, above them, certain atmospheric corridors between remote regions defining a biogeographic distribution of microorganisms [10]. Thus, it is expected that the geographical location of a dwelling (and therefore the associated climatic parameters and type of land use) may influence its microbial contamination [14][15][16][17]. It has been shown, for example, that the geographical position of an outdoor dust sample can be identified, within a median error of 230 km, based on the fungal biome identified [18]. However, geographical location as a factor influencing indoor microbial communities remains largely unstudied, with only three studies that evaluated fungal and/or bacterial contamination across the USA [19][20][21].

In surface ecosystems, biotic and/or abiotic properties of the soil and land use, including type of vegetation cover, modify the diversity of communities to varying degrees [14,[22][23][24][25][26]. Meteorological factors, such as temperature, relative humidity, and precipitation, have also been said to influence sporulation and the dispersion of fungi [27]. Snow episodes or low temperatures in sub-Arctic regions have been described as being able to reduce fungal concentrations in outdoor air [28,29]. In addition to these spatial patterns, there is also a temporal and seasonal influence (including season or plant phenological period) on the distribution of microorganisms [17,30]. In temperate climates, peaks of fungal counts are observed in the summer, as in the case of Cladosporium spp. [31], or spore concentrations can also differ between days or years, as previously described for Alternaria spp. [32].

Given the complexity of the indoor exposure, with microorganism biotopes probably defined by a combination of bioclimatic area and ecosystem properties with temporal variation, it is important to analyze parameters that shape this exposure, to better understand the microbiological environment as we should.

In our first study in 2015, we quantified 10 microorganisms (6 fungal species, 1 family and 2 genera of bacteria, 1 house dust mite) by real-time quantitative PCR (qPCR) in dust samples, collected with electrostatic dust collectors (EDCs) in the dwellings of 3193 children of the ELFE cohort (French nationwide birth cohort "Etude Longitudinale Française depuis l'Enfance") throughout France [33]. These qPCR targets were chosen for their allergic, infectious, or toxic effect and, at that time, we showed that exposure could be defined by 6 "microorganism cocktail" profiles that had geographical disparities. Thus, in an attempt to more fully analyze the biogeography of indoor microbial life, a spatial analysis was done at a finer resolution than in the first study (21 regions vs. 93 departments). To achieve this goal, statistical methods utilized in ecology to analyze nonlinear data with spatial and/or temporal correlations were used. The qPCR panel was also expanded from 10 to 17 microorganisms (including others mites [34] and yeasts [35] compared to the first study) to increase the potential number of species that may have an effect on children's respiratory health. First, we described the geographical distribution of selected organisms throughout the country and then we selected those having a significant pattern and focused on outdoor factors (climate and biophysical land use) that could influence this geographical distribution. Thus, by analysing the geographical position of the dwellings, considered to be an essential factor [14,19,[36][37][38], we provided the first spatial description of the main indoor microbial allergens on the French territory in relation to outdoor factors influencing the distribution of microorganisms.

Material and Methods

Samples and qPCR Method

Sampling was performed using EDC in the dwellings of 3193 children (ELFE subsampling, called EBRA-ELFE (Environnement Biologique et Risque Allergique) at the time of their birth (2011) [33]. EDC were analyzed by qPCR using a panel of 17 targets: 9 molds (Alternaria alternata, Aspergillus fumigatus, Aspergillus versicolor, Cladosporium sphaerospermum, Penicillium chrysogenum, Stachybotrys chartarum, Trichoderma viride, Chaetomium globosum, Epicoccum nigrum), 3 bacteria groups (Enterobacteria, Mycobacteria, and Streptomyces spp.), 4 dust mites (Dermatophagoides spp. (house dust mites, HDM), D. pteronyssinus (HDM), D. farinae (HDM), Acarus siro (storage mites, SM)), and one yeast (Cryptococcus spp.). All primers and probes had already been used in our previous studies [33,34,39,40] except the Cryptococcus spp. system that was designed for this study. Primers and probes sequences are provided in Table 1. They are available on the Environmental Protection Agency website [41] or were designed by our team or taken from other studies [42][43][44].

Table 1. Primers and probes sequences (and their references) used in this study.

Targets and Designers [Reference]

(5'-3') Sequences

Molds

Alternaria alternata designed by EPA [41] Forward primer GGCGGGCTGGAACCTC

Reverse primer GCAATTACAAAAGGTTTATGTTTGTCGTA Probe TTACAGCCTTGCTGAATTATTCACCCTTGTCTTT

Aspergillus fumigatus designed by EPA [41] Forward primer GCCCGCCGTTTCGAC

Reverse primer CCGTTGTTGAAAGTTTTAACTGATTAC Probe CCCGCCGAAGACCCCAACATG

Aspergillus versicolor designed by EPA [41] Forward 

qPCR Data

To avoid quantification differences between the different targets (due to the fact that qPCRs are designed on repeated regions in the genome), the results were transformed into copy number equivalents. Plasmids containing each targeted sequence were produced using the Zero Blunt ® PCR Cloning Kit (Invitrogen, Carlsbad, CA, USA). The copy number was then calculated for each DNA standard dilution as a function of the amount of DNA, Avogadro's number (6.022.10 23 molecules/moles), and the length of the plasmid and its insert, according to the formula: number of copies (in ng) = (amount of DNA × 6.022.10 23 )/(length (in bp) × 1.10 9 × 650). For each DNA standard dilution, DNA concentrations (in fg/µL) were expressed in copy numbers. The coefficients of the lines thus obtained were used as a correction factor to express the qPCR results in copy number.

Climate Data and Land Use

For climate data, we chose those described by Joly et al. who defined the French climates (https://journals.openedition.org/cybergeo/23155). The authors proposed a method for analyzing and processing available climate data (Météo France, the official French meteorological institute) to produce maps that best reflect spatial variations in climate. They described 8 types of climates, defined according to 14 variables (6 temperature and 8 precipitation variables) with monthly data from 1971 to 2000. Thus, we used their constructed variables: annual average temperature, number of days with a temperature below -5 • C, number of days with a temperature above 30 • C, annual temperature range, annual precipitation totals, number of precipitation days in January, number of precipitation days in July, and the ratio between autumn downpour (September + October) and July downpour.

We also used Corine Land Cover data, a European database of biophysical land use. Fifteen different possible cover types were used: urban fabric; industrial, commercial and transport units; mine, dump and construction sites; artificial, non-agricultural vegetated areas; arable land; permanent crops; pastures; heterogeneous agricultural areas; forests, scrub and/or herbaceous vegetation associations; open spaces with little or no vegetation; inland wetlands; coastal wetlands; inland waters; and marine waters.

Statistical Analyses

Statistical analyses were carried out in two stages: we observed the distribution of each target independently of the others and examined the entire community through multivariate analyses. All statistical analyses and graphical displays were performed using R [45] and libraries nlme [46], mgcv [47], and mapdata [48].

Spatial distributions of dwelling qPCR targets were described using the spatial coordinates of each French department centroids, according to the 1984 World Geodetic System. These coordinates were denoted by X and Y for longitude and latitude, respectively. A finer spatial grain for dwelling location could not be achieved given the ELFE cohort's confidentiality rules.

A first single redundancy analysis (RDA) was performed to assess the structuring effects of geographical position of the dwellings (latitude and longitude coordinates) and month of sampling on microorganism composition. RDA is an extension of principal component analysis (PCA) that models response variables as a function of explanatory variables (in this first RDA: months and X and Y coordinates). Partitioning of variance due to each of the variables could thus be calculated.

Generalized additive mixed models (GAMMs) were used to model the spatial patterns for the different qPCR targets [49]. GAMMs allow nonparametric forms of regression in which smooth functions of the explanatory variables replace the sum of regression coefficients x explanatory variables. Two reasons motivated the use of such models: first, nonlinear relationships between taxa abundances and spatial predictors (geographic coordinates) that were expected could be taken into account using GAMMs through cubic regression splines as a smoothing function. The optimal amount of smoothing was defined by cross-validation and referred to in the model outputs as estimated degrees of freedom (edf), where edf = 1 corresponds to linear relationships and an edf higher than 1 indicates nonlinear relationships. In order to prevent overfitting, maximal edf was set at 4 in the models. Then, the non-independence of samples that were collected at different months could be handled with GAMMs by considering month as a random effect and spatial coordinates as fixed effects in the model. Akaike information criterion (AIC) was used to assess the need to consider month as a random part to improve model performance.

The amount of each target with geographical distribution was modeled with climate and biophysical land use variables. Linear mixed effect models were applied using the nlme function, incorporating a random effect for the month of sampling. The backwards selection method (based on AIC) was used to assess model improvement and to define the final model. Then, the influence of climate and biophysical land use on community composition was assessed through partial redundancy analysis (pRDA), with month of sampling and departments' centroids (X and Y) considered as covariables to remove their influence. A forward selection was performed to select only significant covariates using the ordiR2step function, with model choice adjusted R 2 and p-value.

Results

qPCR Analysis

The analysis of the contamination of the 3143 dwellings was carried out after excluding housing from the Corsica department and that for which parents did not complete the questionnaires. C. globosum was not included in the analyses because there were more than 95% of EDCs with a negative result for this target. The number of positive EDCs and the median and maximum copy number for each target are presented in Table 2. 

Spatio-Temporal Distribution of Microorganisms

According to the first RDA (structuring effects of geographical position (X: longitude and Y: latitude) and month of sampling), the microorganism distribution was structured by X coordinates (p < 0.001), Y coordinates (p < 0.001), and months of sampling (p < 0.001) (Figure 1). These three variables explained 9% of microorganism variability and partitioning of variance showed that X and Y coordinates each accounted for 1% of variability and month of sampling for 7%.

In GAMMs, the consideration of sampling month as a random effect significantly improved model predictions (reduction in the AIC value). Among the 17 qPCR targets, 10 exhibited significant spatial variability, although the amount of variability explained by the spatial structure remained rather restricted (Table 3). Non-linear patterns were found for some targets (Figure 2), especially for A. alternata (with greater effective degrees of freedom, edf, in Table 3). The higher the edf, the more non-linear the smoothing spline is.

Although some microorganisms showed distribution gradients in the same geographical direction, the correlation analysis (Pearson coefficient) was not significant. Five microorganisms had northeast to southwest increasing abundance profiles (on a line from Reims to Bordeaux): D. pteronyssinus and whole Dermatophagoïdes spp. (260 • SW), Streptomyces spp. (220 • SW), C. sphaerospermum (200 • SW), and E. nigrum (200 • SW). The mean of the azimuth of this group was 230 • SW. Mycobacteria had an east to west increasing profile (270 • W), A. fumigatus showed an increasing gradient from south to north (0 • N), and a south to northeast gradient was found for P. chrysogenum (40 • NE). Cryptococcus spp. and A. alternata exhibited an increasing gradient from northwest to southeast (130 • SE) (a line from Brest to Nice). The seven other microorganisms (S. chartarum, A. versicolor, T. viride, D. farinea, A. siro, Enterobacteriaceae) appeared to be evenly distributed throughout the country.

Spatio-Temporal Distribution of Microorganisms

According to the first RDA (structuring effects of geographical position (X: longitude and Y: latitude) and month of sampling), the microorganism distribution was structured by X coordinates (p < 0.001), Y coordinates (p < 0.001), and months of sampling (p < 0.001) (Figure 1). These three variables explained 9% of microorganism variability and partitioning of variance showed that X and Y coordinates each accounted for 1% of variability and month of sampling for 7%. p (p-value) is given for each GAMM with "*" when <0.05; edf: estimated degrees of freedom (can be viewed as an estimation of the strength of the smoothness considered in the models); F: F-statistics; adjR 2 : Adjusted R-squared.

In GAMMs, the consideration of sampling month as a random effect significantly improved model predictions (reduction in the AIC value). Among the 17 qPCR targets, 10 exhibited significant spatial variability, although the amount of variability explained by the spatial structure remained rather restricted (Table 3). Non-linear patterns were found for some targets (Figure 2), especially for A. alternata (with greater effective degrees of freedom, edf, in Table 3). The higher the edf, the more non-linear the smoothing spline is. For microorganisms that have the same gradient direction (C. sphaerospermum and E. nigrum), spatial patterns of microorganisms showed nuances that were more or less fine (smoother contours and confidence intervals quite narrow in Figure 2).

Climate and Biophysical Land Use for Each Individual Target

Twenty-two variables (8/8 for climate and 14/15 for land use) were considered linked to the qPCR targets that showed spatial variability in the previous section. Table 4 presents the results of the backward selection and the direction of the relationship (positive or negative) for each individual target. The coastal wetland factor was not selected in any model.

Table 4.

Climate and biophysical land use contributing to the distribution of microorganisms (linear mixed-effects models).

C. sphaerospermum

Dermatophagoïdes

spp. Microorganisms 2020, 8, 341 10 of 15 Some qPCR targets were associated with temperature parameters: some were linked to the number of warm days, such as C. sphaerospermum, with a positive relation to the number of days >30 • C and a negative relation to the number of days < 5 • C. For others, such as A. alternata, distribution was linked to the average annual temperature and annual temperature range (difference between average temperature in July and January). In contrast, Dermatophagoïdes spp. were also linked to average annual temperature, but not to annual temperature range. Concerning precipitation, the number of rainfalls in January was the variable that was most frequently related to the distribution of microorganisms, with 5 positive (C. sphaerospermum, Streptomyces spp., Mycobacteria, A. fumigatus, P. chrysogenum) and 2 negative (Cryptococcus spp., A. alternata) relationships.

Streptomyces E. nigrum

Mycobacteria

For biophysical land use, the prairie variable was the most frequently related to the distribution of microorganisms, with two positive (C. sphaerospermum, A. fumigatus) and seven negative (Dermatophagoïdes spp., Streptomyces spp., E. nigrum, Mycobacteria, P. chrysogenum, Cryptococcus spp., A. alternata) relationships. In contrast, mines, landfills, and construction sites were only positively related to A. fumigatus.

Microorganism Community

Partial redundancy analysis (pRDA) triplot, depicting the structuring effect of climate and biophysical land use on microorganism communities, is presented in Figure 3. Considered together, the month of samplings and departmental coordinates (X and Y) accounted for 16% of the dataset variance.
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Microorganism Community

Partial redundancy analysis (pRDA) triplot, depicting the structuring effect of climate and biophysical land use on microorganism communities, is presented in Figure 3. Considered together, the month of samplings and departmental coordinates (X and Y) accounted for 16% of the dataset variance.

Among the 23 variables of climate and biophysical land use, 9 were selected by a forward selection model and were significant (p < 0.05), thus explaining a part of the microorganism distribution in dwellings. However, these variables could only account for a small fraction of the variance (1.6%). In Figure 3, explanatory variables constrain the first ordination axes in order to interpret the species matrix. Thus, from the observations that emerged from this analysis, E. nigrum was mainly associated with areas covered by forests, whereas C. sphaerospermum was linked to annual temperature range and scrub/herbaceous vegetation areas. Dermatophagoïdes spp. were related to the number of days of precipitation in January. These links were not the same in the linear mixed effects models when microorganisms were analyzed individually and not included in a community. More generally, it was as if communities were constrained with a gradient ranging from closed and rather cold and humid landscapes (forests) (on the left side of the graph in Figure 3) to more open, hot, and dry landscapes (herbaceous and coastal). 

Discussion

The present study addressed the biogeography of indoor microbial exposure, providing an assessment of the microbial composition of French dwellings in terms of molds, bacteria, and dust mites using a single standardized quantification method (qPCR). Given the importance of seasonality on the distribution of microorganisms, the purpose of this paper was to be able to assess the respective weight of geographical location by taking into account the month effect by means of statistical processing (GAMMs and pRDA) and then to evaluate the influence of, probably, the two most important parameters (climate and land cover). Analysis showed that the geographical location of dwellings induces variations in the quantification of different microbial communities (10 out of 17 microorganisms), which is partly linked to patterns of biogeography and climate.

While linear regression is an important tool for statistical analysis, it may be interesting to look at other methods that may be more adapted to biology/ecology, which are areas that do not necessarily have to follow linear relationships. To assess the distribution of each microorganism individually, we used GAMMs, which allowed us to model nested data and spatio-temporal correlation structures in count data and is a popular approach to modeling complex structures in ecological data or pollution studies [49]. Among the 23 variables of climate and biophysical land use, 9 were selected by a forward selection model and were significant (p < 0.05), thus explaining a part of the microorganism distribution in dwellings. However, these variables could only account for a small fraction of the variance (1.6%). In Figure 3, explanatory variables constrain the first ordination axes in order to interpret the species matrix. Thus, from the observations that emerged from this analysis, E. nigrum was mainly associated with areas covered by forests, whereas C. sphaerospermum was linked to annual temperature range and scrub/herbaceous vegetation areas. Dermatophagoïdes spp. were related to the number of days of precipitation in January. These links were not the same in the linear mixed effects models when microorganisms were analyzed individually and not included in a community. More generally, it was as if communities were constrained with a gradient ranging from closed and rather cold and humid landscapes (forests) (on the left side of the graph in Figure 3) to more open, hot, and dry landscapes (herbaceous and coastal).

Discussion

The present study addressed the biogeography of indoor microbial exposure, providing an assessment of the microbial composition of French dwellings in terms of molds, bacteria, and dust mites using a single standardized quantification method (qPCR). Given the importance of seasonality on the distribution of microorganisms, the purpose of this paper was to be able to assess the respective weight of geographical location by taking into account the month effect by means of statistical processing (GAMMs and pRDA) and then to evaluate the influence of, probably, the two most important parameters (climate and land cover). Analysis showed that the geographical location of dwellings induces variations in the quantification of different microbial communities (10 out of 17 microorganisms), which is partly linked to patterns of biogeography and climate.

While linear regression is an important tool for statistical analysis, it may be interesting to look at other methods that may be more adapted to biology/ecology, which are areas that do not necessarily have to follow linear relationships. To assess the distribution of each microorganism individually, we used GAMMs, which allowed us to model nested data and spatio-temporal correlation structures in count data and is a popular approach to modeling complex structures in ecological data or pollution studies [49].

We then performed a redundancy analysis, commonly used to simultaneously analyze the effects of multiple environmental factors on multiple species. This made it possible to represent the most important and interpretable environmental gradients available and, more importantly, to provide an overall descriptive analysis, rather than multiple univariate analyses. In our pRDA, month of sampling and X and Y coordinates were considered as condition variables so that their influence was removed prior to assessing the effect of climate and land cover variables. This procedure examined the determinants of community variability once the temporal (month of sampling) and spatial (X and Y) variability were accounted for.

With the statistical analyses conducted, we demonstrated that, if we consider the individual microorganisms (linear models) or community of microorganisms (pRDA), the climatic and occupancy variables that are selected in the models and are linked to the distribution of the microorganism(s) are different.

Outdoor geographical clusters of microbial communities have already been documented on local, regional, and continental scales [14] and geography is also a major factor that influences indoor fungal communities [36]. Thus, we expected that some qPCR targets would be dependent on the geographic coordinates of the dwellings, such as Alternaria, Cladosporium, Penicillium, and Aspergillus, which are among the most common genera found indoors and were previously described as strongly influenced by meteorology. A recent publication, conducted on a European scale reported that outdoor concentrations of Alternaria and Cladosporium spores differed between sites and years of sampling [27]. With our work, we have eliminated the month of sampling effect by taking it into account in the models and have shown that, at the scale of France, we also observe differences in concentrations of Alternaria and Cladosporium according to geographic locations and this is the case within dwellings as well. In contrast, geographical gradients were less predictable for other targets, but this is probably due to our "mistaken" vision of reality that is linked to cultivation methods. For example, the Epicoccum genus is rarely found in studies that use culture as a means of studying fungal exposure, particularly due to difficulties with culture and sporulation on classical media. However, this genus is increasingly reported in studies, including targeted metabarcoding approaches, that place it in first place among fungi [35,40,[50][51][52]. Another advantage of using biomolecular methods, and particularly qPCR, is the ability to quantify different types of microorganisms with the same technique without competition between microorganisms (as in the case of culture investigations). Moreover, qPCR takes into account live and dead cells, which represent a significant part of fungal exposure, also influencing immunological responses [53,54]. We were thus able to show that there were different concentration gradients in a given geographical area for yeasts (Cryptococcus spp.), bacteria (Mycobacteria and Streptomyces spp.), and HDM (Dermatophagoïdes spp. and D. pteronyssinus). Some climate parameters, land use, and/or vegetation cover have been linked to the geographical pattern of microorganisms in univariate analysis, but, above all, the pRDA allows us to place some targeted species on a scale of landscapes and climates (closed and rather cold and humid landscapes to more open, hot and dry landscapes). We have been working on land use and vegetation cover data collected for 2011. For climate, we selected 14 climate variables (6 temperature and 8 precipitation variables), defining 8 French climates.

Some microorganisms not highlighted by our statistical analysis (S. chartarum, A. versicolor, T. viride, D. farinea, A. siro, Enterobacteriaceae) are probably not or are less driven by the outdoor parameters we studied. They can be driven by other outdoor factors (wind or vapor pressure [27]) or maybe by indoor characteristics, such as thermo-isolation and ventilation, infiltration, and water damage, but also occupants (pets, humans, plants), the type of use of the indoor location, architecture, and materials [1,[55][56][57]. For example, it would not be surprising that some microorganisms, such as S. chartarum, described as linked to water damage [58] or A. siro, found in the foodstuffs in our kitchens [59], are not related to the landscape cover type.

Given the information mentioned here, the complexity of exposure and the influence of the various factors, which are probably interconnected, it seems difficult to reason in terms of exposure to a single microorganism when we want to address the issue of allergic diseases. Above all, nothing is single-factorial. On the other hand, as long as we use qualitative methods to measure the presence of microorganisms, we can certainly believe that "everything is everywhere". However, quantification methods show us that we are dealing with various concentrations in different environments. Thus, to assess an allergic risk related to microbial exposure, it would undoubtedly be useful to build "composite" indices, mixing exposure measurements, environmental factors (geography, climate, vegetation), and housing factors (humidity, temperature, ventilation).

External validation of the asthma prediction tool 3 Introduction to Chapter 3: Importance of early risk stratification in childhood asthma

Pediatric asthma remains a pertinent global issue and exerts a substantial burden on asthmatic children, their families, the health care system and society at large. Data collected between 2014-2017, by Centers for Disease Control (CDC) showed that approximately 50% asthmatic children reported at least one episode of asthma attack per year (https://www.cdc.gov/asthma/asthma_stats/) and in a large scale United States national survey, annual school absence was estimated to be around 10.1 million days for asthmatic children. The US survey also reported that childhood asthma accounted for 12.9 million doctor visits, 200,000 hospitalizations and 1.9 million days of hospital admissions [112].

The burden of pediatric asthma is augmented in cases of severe childhood asthma. While, the prevalence of severe pediatric asthma is generally low, however the associated multimorbidity and subsequent health care costs are monumental. It has been reported that severe pediatric asthma can account for 50% of total pediatric asthma healthcare costs, and ranges between 1,840- The chronic nature of asthma extends the burden into adulthood, as shown by lifetime risk assessment studies of chronic diseases. The results of these studies point towards 2 important findings: asthma typically begins much earlier in life than other chronic diseases, and early severe childhood asthma causes a 35% increase in the risk of chronic airway obstruction, for both genders, in adult life [13]. Interestingly, a related finding was observed in The Childhood Asthma Management Programme (CAMP) study. Trajectories of lung growth and patterns of lung function decline of 5-12 year old asthmatic children were assessed, and 4 patterns were found: Normal growth, Reduced growth, Normal growth with early decline and Reduced growth with early decline. Participants with Reduced growth and Reduced growth with early decline patterns were younger, and more likely to meet the GOLD staging criteria for COPD, compared to children with a normal growth pattern [119].

Another factor that contributes to the burden of pediatric asthma is the poor control of the disease. for e.g. The ELIOS study estimated that only 25% asthmatic children achieve optimal control in a primary care center [16]. Thus, early identification of children at high risk of developing asthma can make a substantial contribution towards reducing the burden of the disease by prompt introduction of treatment and /or interventions.

Methods for identification of high risk children

Due to the lack of a standardized diagnostic and/or predictive marker for asthma in early life, proxy measures are often used to identify high risk children. The most commonly used measures can be broadly classified into 2 major categories: Biomarkers and predictive scores.

 Biomarkers

52

Several biomarkers have been proposed for predicting asthma due to their provision of useful clinical information.

o Currently used biomarkers IgE is the most commonly utilized marker in clinical practice and research for predicting atopic asthma. Allergen specific IgE is tested through a skin prick test and can also be measured through a blood sample (serum IgE).Additionally, blood eosinophil, airway neutrophils and plasma cytokine levels are also considered as consistent biomarkers for identification of high risk preschoolers [120,121].

o Potential biomarkers

Exhaled breath condensate (EBC) biomarkers, serum/ sputum periostin and serum Dipeptidyl peptidase 4 (DPP-4) have shown promising results, however further research is needed, prior to their integration in mainstream clinical analysis [120,121].



Predictive scores

Predictive scores are an inexpensive alternative to biomarkers, are predominantly based on the allergic and respiratory history of preschoolers, clinically relevant risk factors and often include at least one biological measurement. Table 4 shows the various predictive scores and their external validation studies.

Tableau 4:

The various predictive scores, their external validation studies and target populations. 

Predictive scores and their external validation studies

Limitations of the use of biomarkers in the ELFE study

In the French health care system, the first point of contact is a general practitioner. If the general practitioner suspects an allergic disease, the patient is then referred to an allergic specialist for the exploration of allergy (respiratory, food, medication, contact, insects, drugs etc.). This often requires extensive testing, and in some cases the allergist would recommend monitoring and further testing in a hospital setting. Furthermore, there are also instances where a multidisciplinary approach would be required i.e. simultaneous consultation with several specialists such as a pulmonologist, a pediatrician or a dermatologist.

A consultation with one specialist costs approximately €28 and one allergy test cost costs around €28.20, hence making the total cost around €56.20/child (https://www.assurland.com/assurance-blog/assurance-sante-actualite/comment-optimiser-leremboursement-de-son-allergologue_119862.html ). If we extrapolate these numbers to a sample of only 200 children, the total costs incurred would be €11,240. The costs associated with a small sample is too high to consider the application of consistently used biomarkers i.e. Specific IgE and eosinophil counts [120] in a large scale cohort such as ELFE.

Another important point to consider is the requirement of trained professionals to perform these tests, which would further augment the costs incurred, and would render the methodology impractical and infeasible.

Predictive scores: areas of concerns

Childhood asthma presents a diagnostic challenge due to heterogeneous symptom presentation. Such difficulties impede clinical decision making and can contribute to under-diagnosis and over treatment of preschool asthma, as well as increased morbidity and hospitalizations for severe asthmatic children. Given the globally increasing prevalence of childhood asthma, effective prognostic tools to aid clinical practitioners are thus needed. Several predictive scores have hence been proposed, as a cost effective and practical alternative to biomarkers, for the identification of likely candidates (infants and preschoolers) at risk of developing asthma. Despite the development of several prediction models for childhood asthma, none have been incorporated into clinical practice as yet [134-136], and the probable reasons are explained below.



Insufficient reporting of performance measures

For the widespread use of a predictive model in a clinical setting, it is important that the model shows good performance in independent populations with comparable characteristics. External validation studies aid in evaluating the generalizability of the model using performance measures as explained in Table 5.

Tableau 5: Performance measures and their definitions.

Performance measure Definition

Calibration

How well do the model's predictions compare to the observed outcomes (goodness of fit). Visually displayed with a calibration plot.

Discrimination

The ability of the model to correctly distinguish between diseased and healthy individuals. Measured by area under the receiver operating curve (AUC). Visually displayed by ROC curve.

Sensitivity

The proportion of individuals with the disease who are correctly predicted to have the disease

Specificity

The proportion of individuals without the disease who are correctly predicted as disease-free

Positive predictive value (PPV)

The proportion of individuals with a positive disease prediction who truly have the disease

Negative predictive value (NPV)

The proportion of individuals with a negative disease prediction who are truly disease-free

Positive likelihood ratio (LR+)

The ratio of true positive predictions against false positive predictions which indicates a model's ability to rule in disease

Negative likelihood ratio (LR-)

The ratio of false negative predictions against true negative predictions which 



Lack of multiple cut offs

Prediction models are often developed with a singular aim: to either rule in asthma OR rule it out using a single cut off. This often limits the ability of prediction models to effectively categorize a large proportion of infants and preschoolers with transient symptoms. A better approach would be to consider at least 2 cut offs for effective risk stratification (low, medium and high) [134].



Insufficient study power

Power in a predictive model development study is calculated as events per predictor (EPV) and ≥20 events/ predictor is deemed sufficient. However, some of the developed predictive models for e.g. 

Preference of asthma prediction tool proposed by the Leicestershire Respiratory Cohort (LRC)

The asthma prediction tool (PARC) proposed by the LRC cohort is a simple, non-invasive prediction tool composed of 10 predictors, which can be easily obtained in a single medical consultation. Moreover, the exclusion of socioeconomic and environmental predictors augments its feasibility. The detailed reporting of performance measures in the development study and use of multiple cutoffs adds to the ease of external validation [130].

External validation of PARC in the ELFE cohort

In the French health care system, high risk children are routinely followed by general practitioners in limited resource based primary centers. Predictive tools that allow for risk stratification (low, medium and high) in primary care centers could be beneficial in reducing the burden of pediatric asthma, by formulation of risk specific strategies for e.g. children in the low and medium risk category could benefit from a wait and watch approach, while high risk children could be referred to specialists for further explorations. The long term potential benefits of the asthma prediction tool encouraged us to perform its external validation in the ELFE cohort. It was a unique opportunity to determine PARC's utility in the general preschool population with heterogeneous symptom presentation.

Predictive scores were determined at age 1 and the primary outcome of asthma was defined as parental reporting of "asthma ever" or "wheezing in the past 12 months" at age 5. Logistic regression was used to calculate odds ratio and performance measures; applying the cut offs defined in Leicestershire Respiratory Cohort. The tool's discriminative performance was reported using receiver operator curves and area under the curve. Calibration was assessed using Hosmer-Lemeshow goodnessof-fit test and visualized with a calibration plot. Overall performance was determined using Brier scores.

At age 5, in the analytical sample of 10,689 children; The prevalence of preschool asthma in the ELFE study (20.6%) was also reflective of global estimations. The Global asthma report (2018) indicates that France has a higher asthma mortality (age standardized 5-34) compared to other high income countries [14]. Additionally, in the 2000-2003 ISAAC survey, the highest prevalence (≥20%) of wheezing was seen in Australia, Europe, North America and some parts of Latin America; with the prevalence of asthma ever in 6-7 year olds being the 3rd highest in Europe [START_REF] Pearce | Worldwide trends in the prevalence of asthma symptoms: phase III of the International Study of Asthma and Allergies in Childhood (ISAAC)[END_REF].

IV. Power of the study

For external validation studies, sufficient power is indicated by an EPV of ≥10 cases / predictor [143] OR a minimum of 100 events and 100 nonevents [144]. For the external validation of PARC (10 predictors) a minimum of 100 events was a necessary prerequisite for sufficient power. The power of the ELFE (2,206 asthmatic children) and ALSPAC (373 asthmatic children)

[132] study was adequate but low for the German MAS study (28 asthmatic children) [131].

V.

Assessment of multicollinearity

Multicollinearity between predictors introduces noise and subsequently reduces model performance; however it is often overlooked in validation studies [137]. Multicollinearity assessment was undertaken in our study and no evidence was seen, but this assessment was not done in the German MAS nor the ALSPAC study.
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VI.

Additional analysis

The purpose of risk stratification is identification of high risk children, hence additional analysis were performed to see if the preschoolers in the ELFE study displayed symptoms at age 5 which were concurrent with their risk stratification in infancy (age 1). Additionally, a subset analysis of the 5 year old asthmatic children, stratified by their risk at age 1 was done and asthmatic children identified as high risk at age 1 were noticeably different in symptom presentation at age 5. Furthermore, the differences between asthmatic and non-asthmatic children at age 5 were also explored. Unfortunately, these additional analyses were not performed in the previous external validation studies.

VII. Translation of epidemiological findings to clinical practice

Clinical decision making is a complex process, and predictive models are meant to provide the first screening step to supplement clinical decisions. In the manuscript of our study, the translation of our epidemiological findings to clinical practice has been discussed at length (not done by previous external validation studies). Briefly, the efficacy of using: a symptom only approach, in children under age 5, and clinically relevant substitute predictors e.g. food allergy, has been highlighted.

Additionally, the utility of PARC in formulation of personalized care plans for asthmatic children, including identifying candidates likely to benefit from precision medicine has been illustrated.



Limitations of the ELFE study

I. Use of parental reporting of symptoms

Asthma in the previous external validation studies has been defined by current medications and/or symptoms. However, childhood asthma studies have shown that a combination of asthma ever, wheeze ever and wheezing in the past 12 months (ELFE study's definition) is reflective of longitudinal and current measures, accounts for high specificity and high sensitivity (respectively); and limits the risk of misclassification of currently asymptomatic children as non-asthmatic [145].

Also, in a review comparing the performance of childhood asthma prediction models by Henriette A Smit et al., the performance of models including health visits at inclusion (done in both LRC and ALSPAC) or considering a high risk population (done in both German MAS and ALSPAC) was not better compared to models in other populations with a low probability of disease. Furthermore, models with clinical tests did not show any superiority compared to models using easily obtainable predictors [134].

II. Similar ethnicity

External validation should ideally be performed in large populations with differing ethnicities to gain a true measure of their performance. As per french law; "Commission Nationale de l'Informatique et des Libertés" (CNIL) Loi Informatique et liberties ACT N°78-17 of 6 January 1978 on information technology, data files and civil liberties Section 2, Article 8 (29) collection of sensitive data such as ethnicity requires special permissions [146] and is not routinely collected in cohorts.

III. Complete case analysis

Finally, all the analyses performed were restricted to individuals with complete information which might create a bias.

However, as a rule of thumb the potential impact of the missing data ≤ 5% is negligible, as in our study (n=174,1.6%) and can be excluded from the analysis [147].

IV. Inherent limitations of longitudinal studies performing external validation

Certain limitations are an inherent feature of prospective longitudinal studies for e.g. risk of bias due to missing data, lack of information on treatment received by child during the prediction interval (which could inadvertently affect the prevalence of the outcome) and study of a predominantly homogeneous ethnic population [134].

 Software employed: All analyses were performed with SAS software version 9.4.

Future analysis that will be done in the ELFE study

Basic models such as PARC can be effectively used for screening, however identification of candidates for targeted immunotherapy in cases of difficult to treat asthma, requires complex models. We plan to perform lung function testing in a subset of the ELFE population (when they attain adolescence); also 2,600 sera samples (collected at inclusion and stored in the ELFE biobank) will be analyzed to create a complex model which could be potentially used to identify candidates for randomized control trials (RCT) conducted for novel asthma treatments.

Key points of Chapter 3

 Pediatric asthma and particularly severe childhood asthma, imposes a substantial burden on asthmatic children, their caregivers/ parents, the health care system and society at large.  Lifetime risk assessment studies indicate that asthma begins earlier than other chronic diseases and increases the risk of chronic airway obstruction in adulthood for both genders.  Clinical decision making is often hampered due to the transient symptom presentation of asthma in infants and preschoolers; leading to under diagnosis and overtreatment.  Early identification of preschoolers at high risk of developing asthma can be effective in reducing the burden of pediatric asthma.  Biomarkers and predictive scores have been proposed for early identification; however, the utility of biomarkers is infeasible in a large scale cohort such as ELFE.  Predictive scores are an inexpensive alternative to biomarkers, but their widespread application in a primary care center is often limited due to inclusion of invasive procedures.  LRC cohort has proposed a simple, noninvasive, 10 questions based predictive score (PARC) developed and validated in high risk populations.  A study was conducted in the ELFE cohort to test the effectiveness of PARC in the general preschool population, and the results were promising.  The study results support the use of PARC by medical practitioners to supplement clinical decisions in childhood asthma.

Key points (92 words)

Question: Can Leicestershire Respiratory Cohort's asthma prediction tool perform well in a preschool general population displaying heterogeneity of symptoms (asymptomatic and symptomatic at baseline)?

Findings

The tool has displayed good discrimination and calibration in the present study while being robust to alterations in inclusion and outcome criteria.

Meaning

In the French health care system, high risk children are routinely followed by general practitioners in limited resource based primary centers. The proposed tool provides a simpler, non-invasive alternative for easy identification and subsequent referral of high risk patients to specialists for further biological explorations and personalized treatments.

ABSTRACT 1,2,3 Importance: Existing predictive scores for early identification of children at high risk of developing asthma include invasive procedures, and hence have limited utility in a primary care setting. The Leicestershire Respiratory Cohort has developed a non-invasive asthma prediction tool for children with promising results.

Objective: External validation of the asthma prediction tool in the French ELFE cohort.

Design: French national birth cohort conceived in 2011.

Setting: Multi-centered population-based.

Participants: Children with complete information on wheezing or cough , predictors at age 1 and asthma at age 5, were included in the present study.

Main outcome and Measurements:

Predictive scores were determined at age 1 and the primary outcome of asthma was defined as parental reporting of "asthma ever or "wheezing in the past 12 months" at age 5. Logistic regression was used to calculate odds ratio and performance measures; applying the cut offs defined in Leicestershire Respiratory Cohort. The tool's discriminative performance was reported using receiver operator curves and area under the curve. Calibration was assessed using Hosmer-Lemeshow goodness-of-fit test and visualized with a calibration plot. Overall performance was determined using Brier scores.

1 Funding (restricted grants): This study has been funded by L'Agence Nationale de la Recherche (The French National Research Agency-ANR). The funding sources had no role in the design or conduct of the study, in the collection, management, analysis and interpretation of the data, or in the preparation, review or approval of the manuscript 2 An abstract of our preliminary investigation was accepted in the ERS congress 2020; however, the provided manuscript includes its result in the sensitivity analysis 

Conclusions and Relevance:

Results of the present study and previous validation studies performed in either a high risk population or using symptomatic children at baseline provide a comprehensive measure of the effectiveness of the asthma prediction tool for risk stratification in varying populations. Based on the above we encourage general practitioners to apply this tool during consultations.

Keywords: Infants, Preschool, Children, Asthma, Cough, Wheezing, Cohort, Validation Study, ROC Curve, AUC, Area under curve, Precision Medicine

INTRODUCTION

Childhood asthma is the most common chronic disease 1 and can cause lasting effects, with studies indicating a 35% increased risk of chronic airway obstruction in adulthood 2 . To this effect, preschool years represent a crucial period for lung growth and immune system development. Previous research on gene-environment interactions have highlighted the vulnerability of the respiratory system during childhood to exposures such as tobacco smoke, allergens and infections 3 .

Moreover, childhood asthma attacks can negatively impact the psychosocial health and quality of life of the sufferer. For example, due to the increased need for hospitalization and emergency consultations, higher absences are noted among asthmatic children 1 . This social and emotional burden further extends to the parents/caregivers and siblings of the affected child, as these absences are also seen at work for caregivers, with a British survey reporting of nearly 13 % needing to forgo work entirely 4 . The emotional, social and economic burden of childhood asthma is considerable and affects the society at large, making it a pertinent public health issue. Unfortunately, the prevalence of childhood asthma is only expected to rise, as global projections estimate a 100 million increase in the number of cases by 2025 ; although this is likely an underestimation given its widespread under-diagnosis and treatment 5 . To reduce individual and societal burden, adequate identification and management of childhood asthmatics is pertinent.

However, the diagnosis of asthma remains elusive in early childhood, due to the heterogeneous nature of the disease, non-specificity of its clinical symptoms, lack of an allencompassing definition 6 and a gold standard diagnostic 7 or prognostic marker 8 .

While wheezing is considered to be the most dominant and defining symptom of childhood asthma, only 40% of preschool wheezers go on to develop asthma at a school age 9 . This heterogeneity in part contributes to inadequate optimal control in childhood asthma for example : A French study (ELIOS) estimated that only 25% asthmatic children achieve optimal control in a primary care center 10 . Prognostic tools that can aid in early risk stratification of childhood asthma are thus needed for improved diagnosis and treatment 11 .

Although predictive scores have previously been proposed, their utility is often limited among young children due to the use of invasive procedures such as methacholine challenge test, spirometry analysis-which cannot be accurately performed in young children and additionally are not easily accessible in a primary care setting 8 . To overcome the methodological inadequacies of currently available predictive scores, in children below 5 years of age; a symptoms-only approach that defines various wheezing and asthma phenotypes has been recommended 12 . To this effect, a novel non-invasive asthma prediction tool for preschool children has been developed by Leicestershire Respiratory Cohort (LRC) ; given its basis on a 10 item questionnaire, it can be easily assessed in a single medical consultation 13 . External validation of a simple and pragmatic asthma prediction tool is of utmost importance; given the considerable benefit that early risk stratification offers towards achieving optimal control.

Therefore, the purpose of this study is to externally validate the asthma prediction tool proposed by LRC in the French Étude Longitudinale Française depuis l'Enfance (ELFE) cohort.

METHODS

Study design

The ELFE cohort is a multi-centered French national birth cohort. Details of the ELFE cohort have been previously published 14 and are also available on the website: https://www.elfefrance.fr/en/ Briefly, at its inception in 2011, participating parents in 320 maternity units nationwide , provided written informed consent, enabling the recruitment of 18,329 full term newborns with the aim to follow up into adulthood.

Ethical Framework

Study approvals have been granted by the French Data Protection Authority (CNIL),

Consultative Committee for Data Processing in Health Research (CCTIRS) and National

Council for Statistical Information (CNIS).

Data collection and management

Parental responses to modified versions of the International Study of Allergy and Childhood Asthma (ISAAC) questionnaires were used to collect data on the inclusion criteria, predictors and outcomes (questionnaires are accessible on: https://www.elfe-france.fr/en/theresearch/access-to-data-and-questionnaires/). Children with complete information on wheezing or cough at age 1 and asthma at age 5, were included in the present study. Of the 10 predictors proposed by LRC, the question for age was not included in the present study, as there is no variability on age in our study and hence this criterion has been set to 0 (as recommended by LRC for age 1 year). Parent reported symptoms at age 1 were similar to those used in LRC for 7 questions. Data on parental history of asthma was extracted from the questionnaire administered at 2 months and a proxy was used for the remaining question.

Comparison of the questions used to obtain data on predictors and their prevalence between cohorts is provided in Table 2. TRIPOD Guidelines were followed in our study.

Scoring and risk categorization

Each question was assigned a score corresponding to the scoring in the original cohort. Scores ranging from 0-15 were used for risk categorization; and cut offs were defined similar to those in LRC 13 : low risk (score ≤5), medium risk (score ≥6 & ≤9) and high risk (score ≥10).

Outcomes definition

The primary outcome was defined as "asthma ever or "wheezing in the past 12 months" at age 5 and for our sensitivity analysis varying inclusion criteria and outcome definitions were used.

Statistical analysis

A uni-variable analysis followed by a multivariable analysis (p-value<0.05) was used to test the statistical relevance of the predictors to the defined outcomes. Multicollinearity was assessed using the correlation matrix, variance inflation factor (VIF) and tolerance. A logistic regression model was used to estimate the odds ratio for developing asthma in each risk category, to derive measures of test performance (sensitivity, specificity, predictive values, and likelihood ratios), and to estimate the disease probability for each score.

Discrimination was reported using the c statistic (AUC, area under curve) and graphically displayed with a ROC curve; with values between 0.6 to 0.8 indicating reasonable discrimination and ˃0.8 good discrimination 15 .

The agreement between the predicted probabilities and the prevalence of the outcomes was assessed using a Hosmer-Lemeshow goodness-of-fit test and visualized with a calibration plot 16 . The model's Brier score was also calculated, with a score of 0 indicating a perfect model, while values close to 1 reflecting a poor model 17 . A complete case analysis was performed therefore children with missing information on predictors and outcomes were excluded.

Data management and statistical analyses was carried out using SAS (version 9.3).

RESULTS

Study population characteristics

Complete information on wheezing and cough status at baseline (age 1) was available for 14,056 children; of which 10,863 (77.3%) children had complete information on the defined outcome (asthma at age 5) (Figure 1).

The included sample was notably different from the excluded population (N=3,193) (Table 1).

For example, a larger proportion of the included participants belonged to a high socioeconomic class (68.5%, p<0.001) and had a higher frequency of regular consultation with a pediatrician (38.4%, p<0.001). Contrastingly, excluded children belonged to a low (7.7%) or middle socioeconomic class (50.6%) (p<0.001) had a higher frequency of consultation with a general practitioner (59.6%, p<0.001) and had a generally higher usage of inhaled medications to improve breathing (28.8%, p<0.001) however when asked specifically for the use of inhaler (Ventolin / Becotide / Flixotide / Pulmicort/ Bricanyl) no differences were observed (eTable 1).

Among the 10,689 children in the analytical sample, 20.6% were asthmatic (N=2206) at age 5. Table 3 provides details of the analytical sample characterized by asthma status. Briefly, asthmatic children were predominantly male (60.8%, p<0.001), had a genetic predisposition to asthma (p<0.001) and displayed a pattern of multi-morbidity (p<0.001).

Risk stratification

According to the scoring at age 1-84.9% (n= 9,070) of children were classified as being at low risk, 13.1% (n= 1,403) at medium risk and 2% (n=216) at high risk for developing asthma by age 5. Child characteristics at age 5 stratified by risk groups are provided in eTable2 and a similar subset analysis, performed in asthmatic children exclusively, is provided in eTable3.

Children in the medium risk category were 3 times more likely (OR= 3.3, 95% CI =2. 97-3.78) to develop asthma, while children in the high risk group were 13 times more likely (OR=13.8, 95% CI =10.2-18.8).

Model performance, discrimination and calibration

All 9 predictors were statistically relevant in the uni-variable analyses (p<0.0001) (eTable4) and multivariable analysis (p<0.05) for the defined outcome of "asthma ever or wheezing in the past 12 months" at age 5 (eFigure1). Multi-collinearity was not seen between the considered predictors (eFigure2A-C)

The model showed 68% accuracy (AUC 0.68, 95% CI = 0.66-0.69) at being able to correctly differentiate between asthmatic and non-asthmatic children (Figure 2). Higher probabilities of developing asthma at age 5 were directly proportional to increases in total scores (eFigure3).

At score 5, sensitivity was 40% and specificity 84% ( LRC =72% and 69% respectively), whereas at score 10, sensitivity = 7% and specificity = 99% (LRC = 22% and 98% respectively) (eTable5) 13 .

The Hosmer-Lemshow goodness of fit test indicated a good agreement between the predicted probabilities and the prevalence of the asthma at age 5 (p=0.2) (eFigure4); visualized with a calibration plot (CI=95%) (Figure 3). Brier scores were comparable ELFE 0.14 vs LRC 0.16.

Sensitivity analysis I

A stringent definition of asthma at age 5 (asthma ever and wheezing in the past 12 months) in the analytical sample, yielded similar results (AUC =0.68, 95% CI = 0.66-0.70) (eTable6).

Sensitivity analysis II

We further tested the tool's performance in symptomatic children exclusively, by applying varying inclusion criteria at baseline (age 1) and reiterated discrimination and performance measures against various outcomes at age 5. A modest improvement in the tool's performance was seen in children with wheeze or cough at age 1 (AUC 0.70, Brier score 0.06) when using asthma ever and wheezing in the past 12 months as the outcome at age 5 (eTable6).

DISCUSSION

Main findings

The asthma prediction tool indicated reasonable discriminative ability, had good calibration and was robust to alternative definitions of inclusion and outcome. Every predictor used was statistically significant (univariable and multivariable analysis) with the asthma at age 5, indicating their relevance longitudinally and across populations. A directly proportional relationship was observed between the increase in scores and estimated probability of developing asthma in later ages, similar to the findings in LRC 13 .

Comparison of results with the Leicestershire Respiratory Cohort

Several differences were observed between LRC and the ELFE cohort. For example, the present study defined asthmatic children at age 5, using parental reporting of "asthma ever or wheezing in the past 12 months", while asthma was defined between ages 6 to 8 as "current wheeze plus use of asthma medication in the past 12 months" in LRC 13 . However, despite the differences in the ages and asthma definition, prevalence of asthma remained within a similar range across cohorts: LRC 28.1% vs ELFE 20.6% (eTable7).

Although positive predictive values (PPV) and negative predictive values (NPV) are subject to change in different populations 18 , in our present study these measures remained consistent with the values in LRC at the defined cut offs. For example, at score 5: PPV=0. 40 

Comparison with other external validation cohorts

To the best of our knowledge, the asthma prediction tool has been externally validated in two other cohorts: Avon Longitudinal Study of Parents and Children (ALSPAC) 19 and German MAS cohort 20 . In ALSPAC, the prediction performance (AUC 0.77) was similar to that of LRC owing to the use of same outcomes 19 . The tool showed the highest discriminative ability by far in the German MAS cohort (AUC 0.83); likely attributable to the oversampling of a high risk population 20 .

Preference of asthma prediction tool over other asthma prediction models

Some of the existing prediction models such the Asthma Predictive Index (API) 21 ,the Isle of Wight 22 , Persistent asthma predictive score (PAPS) 23 and Manchester Asthma and Allergy Study asthma prediction tool (MAAS APT) 24 have limited utility in a primary care setting; due to the necessity of invasive procedures 25 . While Pediatric asthma risk score (PARS) 26 and The Prevention and Incidence of Asthma and Mite Allergy (PIAMA) risk score 27 overcome the aforementioned issues; their inclusion of ethnicity 26 and parental education 27 as factors (respectively) limit their generalizability. Ethnicity can differ in populations.

Additionally, the collection and processing of sensitive data in France e.g. ethnicity is strictly controlled by CNIL and requires special permissions (ACT N°78-17, Section 2, Article 8) 28 .

Parental education can also differ in populations and hence limits generalizability 25 . The tool proposed by LRC however, caters to all the above mentioned issues by inclusion of noninvasive prognostic factors that are easily collectible in a single medical consultation 13 .

Implications of our study in a clinical setting

Worldwide estimates suggest that 40-70% of asthmatic children have yet to achieve optimal control 29 . It is becoming increasingly evident that a personalized approach to treatment i.e.

precision medicine is needed to curtail this issue. Precision medicine allows for tailoring treatment options i.e. pharmacogenomics according to the individual variability in genes, clinical characteristics and environment 30 .

Additionally, pharmacogenomics aids in predicting the efficacy of treatment for each individual child. For example, the individualized therapy for asthma in toddlers (INFANT) study, demonstrated that preschool children with aeroallergen sensitization and exacerbations responded better to inhaled corticosteroids (ICS) 31 . While, school aged children with higher markers of allergic inflammation responded better to montelukast 32 .

Recently, pharmacogenomics studies have also postulated the consideration of biologics e.g. omalizumab (anti-IgE-antibodies) as an effective treatment option for severe asthmatic children 33-35 , since the currently available treatment options are insufficient for reducing symptoms and preventing exacerbations. 36 .

Moreover, pharmacogenomics have also been helpful in understanding the side effects of treatments, for example: in the genome-wide association study (GWAS), the use of ICS was associated with adrenal suppression in asthmatic children 37 .

Risk stratification aids in ascertainment of high risk children, hence allowing for identification of children that can benefit from precision medicine. Since in France, general practitioners in primary care centers are the first point of contact, a high proportion of high risk children are often followed by the general practitioner, while only few are referred to a specialist. Invasive procedures such as blood tests, skin prick tests and spirometry cannot be routinely performed in a primary care setting due to limited resource allocation 8 .

Furthermore, the collection and processing of the allergic status of an entire population is inefficient and costly. A pragmatic approach would be use the nationwide use of the asthma prediction tool by general practitioners; for identification of high risk children; and their subsequent referral to specialists (pediatric, pulmonologist) for further biological exploration.

Strengths and limitations

This is the first study in France that has performed an external validation of the asthma prediction tool proposed by LRC within a large cohort (N=10,689).

We used infant allergy to milk protein as a proxy question since it is a known predictor for asthma development 38-40 . Also, food allergy is of particular importance to health care professionals since food sensitization occurs frequently in asthmatic children and has a strong association with exacerbations of asthmatic attacks, persistence of asthma, increased hospitalizations and corticosteroid usage 41-44 .

Our results show parental use of homeopathic and naturopathic medication in modern times.

While their usage is rarely considered in most cohorts; we included this information to highlight parental inclination towards seeking alternative treatments.

In comparison to LRC, the AUC of the ELFE cohort was slightly lower (0.74 vs 0.68); as LRC's analysis was restricted to symptomatic children at baseline, while in the present study inclusion criteria was adapted to test the tool in the general population i.e. cater to the heterogeneity of childhood asthma for e.g. Moreover, given that the present study aimed to perform a full external validation, a lower AUC value is to be expected 45 .

A potential limitation of the present study is use of parental reporting of a history of asthma and wheezing to define the outcomes as opposed to using objective measurements. However, several studies have highlighted the stability of using parental reporting of a history of asthma; as an indicator of childhood asthma. Additionally, parental reporting of a history of asthma reflects the most agreement with the prevalence obtained by a medical diagnosis 46-48 .

The stability of our asthma definition is primarily highlighted in the differences between asthmatic and non-asthmatic children at age 5 wherein, we found that asthmatic children also displayed atopic features such as eczema (37.4%) and allergic rhinitis (24%) and consulted various specialists, for example: pediatricians (36.8%), pulmonologists (8.4%) and allergic specialists (7.5%) The variant forms of asthma (mild, moderate, severe) as determined by wheezing 49 were also seen in asthmatic children (Table 3).

To further ensure the validity of our defined outcome, we performed a subset analysis, in asthmatic children stratified by risk at age 1. Asthmatic children identified as high risk at age 1 were noticeably different in symptom presentation at age 5. (eTable3).

Given that the purpose of risk stratification is early identification of high risk children, it was important to compare the children in risk categories (defined at age 1) using symptoms at age 5. Interestingly, high risk children experienced multiple wheezing attacks (p<0.001), along with hospitalization and emergency consultations due to wheezing (p<0.001) at age 5

(eTable2).
Finally, all the analyses performed were restricted to individuals with complete information on predictors, which might create a bias. However as a rule of thumb the potential impact of the missing data ≤ 5% (N=174, 1.6%) is negligible and can be excluded from the analysis 50 .

CONCLUSION

The 10 item asthma prediction tool developed by LRC showed promising results in the ELFE cohort. Although the lack of environmental and socioeconomic factors within the LRC tool arguably exclude major risk factors for asthma 51 , but given the variation in their prevalence and interpretation across populations 25 inclusion of these factors would likely reduce the tool's generalizability.

While it might be useful to add biological tests to enhance the performance of the tool, the simplistic nature of the tool would be compromised. An easier solution would be to redefine the score cut offs in different populations and we encourage other cohorts to test the tool.

Another area of focus within the ELFE cohort is the consideration of environmental impact on the development of asthma. Our study results indicate the possibility of using the asthma prediction tool for establishing environmental remedial measures.

Results from this study support the regular implementation of the tool by general practitioners across France for childhood asthma screening.
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Multicollinearity Rationale

Multicollinearity is a phenomenon in which two or more identified predictor variables are highly correlated leading to overestimated results. We assessed for multicollinearity by reviewing correlation matrix, variance inflation factor and tolerance.

Figure Legends

eFigure1: OR: odds ratio, 95% CI: confidence interval. The odds of developing asthma at age 5 according to each of the predictors is shown. Odds ratios of the 9 predictors calculated using logistic regression (95% CI).

Labels of predictors explained: 1. Shortness of breath: dyspnea due to wheeze, 2. Impact activity: sleep and /or feeding disturbance due to wheezing, 3. Protein allergy: allergy to cow's milk proteins. 

Abstract

• Identify and characterize preschool wheeze profiles and asthma phenotypes along with detailing their characteristics from age 0-5.

Rationale

Early life asthma phenotyping remains an unmet need in pediatric asthma. In France, severe pediatric asthma phenotyping has been done extensively; however, phenotypes in the general population remain underexplored. Based on the course and severity of respiratory/ allergic symptoms we aimed to identify and characterize early life wheeze and asthma profiles in the general population, using a supervised trajectory and an unsupervised approach respectively. 

Methods

Wheezing phenotypes in various cohorts and their contribution in understanding childhood asthma

Over the past decade, wheezing phenotypes have been used to gain a better insight into the various facets of childhood asthma.

I. Creating predictive scores for identification of children at high risk of developing asthma (high risk and general population cohorts)

Data from the Tucson study was used to create the Asthma Predictive Index (API) (loose and stringent). The index was developed to predict the risk of persistent wheezing from age 3 till adolescence [122] . It has been used by several cohorts to ascertain the probability of asthma, for e.g. The Childhood Origins of ASThma cohort (COAST), a high risk cohort, found that a positive mAPI was associated with an increased probability of asthma in 6-11 year olds [160].

II. Identification of effective intervention strategies for different phenotypes

Interventions which reduce the prevalence of a particular wheezing phenotype can be applied used as guidelines for formulation of targeted strategies, for e.g. The Canadian Asthma Primary Prevention study (CAPPS) determined 3 preschool wheezing phenotypes: early transient, early persistent and low progressive. Early life interventions (e.g. prolonged breast feeding, reduced exposure to: pets, house dust mites and tobacco smoke etc.) were found to decrease the risk of persistent wheezing in children with early persistent wheezing phenotype [161].

III.

Gain insight into the complex association between wheeze, asthma, atopy, genetics and environmental exposures Wheezing phenotypes are heterogeneous and complex, indicating different underlying mechanisms and molecular pathways, for e.g. the 5 wheeze phenotypes determined in the Urban Environment and Childhood Asthma (URECA) birth cohort displayed varying levels of atopy (low -high). Asthma development was infrequent in children with low wheeze and low/high atopy. Contrastingly, the majority of children presenting with high wheeze and low/high atopy developed asthma. Interestingly, environmental exposures differed amongst the wheeze phenotypes for e.g. High wheeze/ low atopy phenotype was associated with prenatal tobacco smoke exposure, while the low wheeze/ low atopy phenotype was associated with high levels of indoor allergen exposure [162].

A genetic predisposition has also been implicated in several childhood asthma studies, for e.g. In the CAPPS study maternal asthma was associated with the early persistent wheezing phenotype [161] and a similar finding was seen in the ELFE study wherein maternal asthma was associated with the persistent wheezing phenotype [9].

IV. Clinical features and multimorbidity

Exploration of wheeze phenotypes has been instrumental in highlighting its diverse clinical presentation for e.g. The prolonged early wheeze phenotype in the ALSPAC cohort did not show an association with atopy and a weak association was seen with impaired lung function and airway responsiveness, while contrastingly children with 

V. Triggers of wheezing

The European Respiratory Task Force proposed classifying preschool wheezing based on their underlying triggers: episodic viral wheeze (EW) and multiple trigger wheeze (MTW). Viral respiratory tract infections were assumed to be the underlying cause for EW and allergic airway inflammation in response to viral infections, allergens, exercise and emotions was implicated in MTW [164]. This classification shed light on some pertinent triggers of childhood wheezing and asthma.

VI. Endotypes and responses to treatment

Understanding the underlying pathobiological mechanisms (endotypes) of wheezing phenotypes can be useful in 

Wheezing profiles in the ELFE cohort (2018)

In 2018, Hallit et al. described wheezing profiles in the ELFE cohort using parental responses to "Does your child currently have wheezing or whistling in the chest?" at 2 months and "Has you child had wheezing in the past 12 months?" at 1 year. 4 wheeze profiles were determined in a sample of 18,041 infants: controls, intermittent, persistent and incident. The wheeze profiles were described using pertinent risk factors [9].

Wheezing profiles in the ELFE cohort (2019)

When the data set for age 5 was sent to us in March 2019, we decided to construct the trajectories of various symptoms in childhood asthma. The initial plan was to determine wheeze profiles from the postnatal period to preschool age, followed by cough profiles within the same time frame.

I. Selection of time points

It was critical for us to ascertain time points that would aid in showing the longitudinal evolution of symptoms in early life. Therefore, wheezing at 2 months, 1 year and 5 years were used to indicate postnatal period, infancy and preschool age respectively.

II. Prevalence of wheezing at time points

The prevalence of wheezing at 2 months was determined through parental responses to the question "Does your child currently have wheezing or whistling in the chest?" At age 1 and 5 parents were asked about wheezing in the past 12 months. Figure 9 shows the prevalence of wheezing at the aforementioned time points. 

III.

Wheezing profiles

Parental responses to wheezing were used construct a supervised trajectory, leading to the classification of 9,161 children with 4 distinct profiles at age 5: Persistent wheezing (0.8%), Transient wheezing (12.1%), Incident wheezers at age 5 (13.3%) and Non wheezers (73.9%). Details on the construction of the supervised wheeze trajectories have been extensively discussed in the manuscript provided at the end of the chapter.

Comparison of characteristics of the wheeze profiles in 2018 and 2019

The ascertained wheezing profiles in both studies were characterized using notable risk and protective factors implicated in childhood asthma. A comparison of the findings in both studies has been done in Table 6. 

Tableau

Non wheezers No wheezing at any time points

The persistent wheezers in the Hallit el al. study displayed a genetic predisposition to asthma and atopy, were exposed to tobacco smoke in the postnatal period and showed multimorbidity [9]. Similar to the finding in Hallit et al.'s study, persistent wheezers in our study were also exposed to tobacco smoke in the postnatal period. Interestingly, incident wheezers at age 5 in our study, displayed a genetic predisposition to asthma and multimorbidity.

Despite the differences in the associations between the profiles, the validity of the findings is established based on the similar wheeze profiles found in both studies.

Construction of cough profiles in the ELFE cohort from postnatal period to preschool age

A study conducted in Paris birth cohort identified 2 respiratory phenotypes: cough (CP) and dyspnea (DP). The findings of the study suggested that children presenting with CP displayed allergic features more often, and children presenting The finding of these studies encouraged us to explore these patterns in the general preschool population, and hence we explored cough profiles using parental reporting of cough/ dry night cough at 2 months, 1 year and age 5. Cough trajectories are shown in Figure 10. Our preliminary results indicated different wheeze and cough profiles, and the association between multi-morbidity and incident wheezing at age 5 compelled us to explore the co-existence of respiratory and allergic diseases within the same time period.

The purpose of our study therefore evolved: we aimed to ascertain early life asthma phenotypes using multiple symptoms.

Historical review of unsupervised clustering: an iterative process

I. Literature review

Data driven clustering methods to identify early life asthma phenotypes has gained immense traction in the past decade.

Several cohorts have used various methods and multiple symptoms to contribute towards the growing literature of varying asthma phenotypes, and their underlying endotypes. We performed a systematic review to compile a list of the various childhood asthma phenotypes, identified through clustering in the past 10 years, at an international and national level, as shown in tables 7 and 8 respectively.

Tableau 7: Different childhood asthma phenotypes identified through cluster analysis (international studies).

Study Aims No. of clusters Identified

No. of variables used for building clusters

Children included in the cluster analysis

Severe 

II. Construction of clusters in the ELFE cohort 2019: Symptoms selected

At the first attempt of cluster analysis, 5 symptoms: Wheeze, dyspnea, eczema, food allergy and cough were chosen across the previously mentioned 3 time points: 2 months, ages 1 and 5. The rationale behind symptom selection (apart from wheezing) was based on their implicated role in asthma, as ascertained through various studies, for e.g. atopy and asthma are closely interlinked and eczema is indicative of atopy [179,180]. Food allergy is of particular importance to health care professionals, since food sensitization occurs frequently in asthmatic children and has a strong association with exacerbations of asthmatic attacks, persistence of asthma, increased hospitalizations and corticosteroid usage [181][182][183][184]. PARIS birth cohort showed that dry night cough could be a marker of allergy in preschool children [168] and hence we decided to include it as one of the symptoms. Dyspnea is suggestive of severe asthma (GINA guidelines)

[185] and was included as a marker of severity.

III. Unsupervised clustering in the ELFE cohort 2019: method

We used KmL analysis, which is an implementation of a nonparametric algorithm designed to work specifically on 

IV. Identification of clusters and subsequent ascertainment of phenotypes

Parental reporting of symptoms and clinical profiles at 2 months, 1 year and 5 years were used for identification of the clusters and subsequent ascertainment of phenotypes.

V. Bivariate analysis

Statistically significant differences between children and clusters were examined using chi-squared (χ2) or fisher's exact tests, as appropriate (p<0.05).

VI. Softwares employed

All analyses were performed with SAS software version 9.3 and R version 3.3.2. Data were analyzed using packages KmL, version 2.4.1 and dplyr version 0.5.0 (dplyr is a grammar of data manipulation, providing a consistent set of verbs that help you solve the most common data manipulation challenges).

VII. Choosing the clusters 2019

The black dot in Figure 11 indicates the optimal number of clusters ascertained by the five indexes; and in the case of our preliminary investigation the optimal number of clusters was 3. However, we noticed that the iterative re-sampling (an inherent feature of the KmL package) also indicated the possibility of 4 clusters of children with homogenous symptoms. We proceeded to describe sets of clusters (3 and 4), using parental reporting of respiratory and allergic health symptoms and clinical profiles from birth to preschool age (p<0.05). The presenting phenotypes in both sets of clusters have been shown in Figure 12. 

Clusters revisited 2020

Allergic rhinitis and sleep disturbance are important indicators of atopy and severity in childhood asthma respectively (ref from cluster paper) and hence we decided to include these 2 variables within our analysis. Therefore, unsupervised clustering was repeated using parental reporting of 7 symptoms: Wheeze, dyspnea, eczema, food allergy, cough, allergic rhinitis and sleep disturbance at ages 2 months, 1 year and 5 years. Parental reporting of symptoms and clinical profiles at 2 months, 1 year and 5 years were used for identification of the clusters and subsequent ascertainment of phenotypes. Additionally, information on notable risk and protective factors was extracted from questionnaires administered at birth as well as from the previously mentioned time points. We also used data on vaccination; extracted from the questionnaire at age 2. Statistically significant differences between children and clusters were examined using chi-squared (χ2) or fisher's exact tests, as appropriate (p<0.05).

Main findings

A brief summary of the main findings has been provided below, for more details please refer to the manuscript at the end of the chapter.

I. Identification of the optimal number of clusters

Criteria applied to choose the optimal number of clusters (4) included: the first, second and third versions of the Calinski and Harabatz index, the Ray and Turi index, and the Davies and Bouldin index (these criteria are normalized to be mapped together using the KmL package in R). Each cluster was composed of children with similar symptom trajectories from ages of 2 months to 5 years (Figure 13). 

II. Characteristics of the Clusters and Phenotypes

Cluster A (6663, 70%) was the largest cluster and was predominantly composed of mildly symptomatic children with no multimorbidity in the analyzed time period, while contrastingly children in Cluster C (973,10.2%), B (1609,16.9%) and D (272, 2.9%) presented with severe symptoms at age 2 months, 1 year and 5 years respectively. The predominance of distinct symptoms and clinical profiles (p<0.05) in each cluster resulted in the ascertainment of 4 distinct phenotypes;

briefly explained below. Additionally, figures 14-17 provide an overview of each of the clusters based on statistically significant (p<0.05) symptoms, clinical variables and pertinent risk/protective factors implicated in childhood asthma.

Mildly symptomatic phenotype (70%) (Cluster A, n=6663):

This predominantly female cluster remained mildly symptomatic and showed no multimorbidity throughout the time period analyzed. Comparatively, this cluster had the highest percentage of multiple vaccinations recorded at age 2 (Figure 14). Severe early asthma phenotype (16.9%) (Cluster B, n=1609): Severe wheezing requiring hospitalization and medication at age 1 characterized this phenotype. Symptomatic children were followed using a multidisciplinary approach and prescribed regular use of inhalers and oral medications. This cluster was predominantly male (Figure 16). 

Summary of main findings

In our general population based cohort, which is nationally representative of births in France since 2011, we used two approaches to determine preschool wheezing profiles and asthma phenotypes. Using a supervised trajectory, we determined 4 distinct wheezing profiles in 9,161 children: Persistent (0.8%), Incident wheezing at age 5 (13.3%), Transient (12.1%) and Non wheezers (73.9%). Additionally, using unsupervised clustering, we found 4 distinct preschool asthma phenotypes in 9,517 children: Mildly symptomatic (70%), Post-natal bronchiolitis with persistent rhinitis (10.2%), Severe early asthma (16.9%) and Early persistent atopy with late-onset severe wheeze (2.9%).

Strengths of the study

I. Methodology

We are grateful to past studies for contributing towards the growing literature on childhood wheeze profiles and asthma phenotypes; however, a gap exists in using 2 methods within the same study. We felt it would be a unique opportunity to highlight the differences in information acquired through consideration of multiple symptoms vs wheezing exclusively. Hence, the results from both approaches were included in the study.

II. Detailed information about factors associated with early life wheezing and asthma

The manuscript contains detailed descriptions of health profiles (symptoms, medications, vaccinations, hospitalizations, specialists' consultations etc.), risk/ protective factors, associated with early life wheeze and asthma phenotypes. The rarity of inclusion of the aforementioned characteristics in very early life i.e. the post-natal period is one of biggest strengths of our study.

III. National comparisons

A. Type of population analyzed

The Trousseau Asthma Program (TAP) has made substantial contributions in phenotyping severe asthma and PARIS birth cohort identified 6 respiratory/allergic profiles in the general population [178]. However, early life phenotyping of childhood asthma, in the general population of France, remains underexplored since, TAP is a hospital based cohort focused on severe childhood asthma, and the symptom profiles in the PARIS birth cohort were ascertained in children recruited from 5 maternity units confined within the Île-de-France (paris and surrounding areas) region [173,187].

Contrastingly, the ELFE cohort is a general population based birth cohort with recruitment undertaken in 320 maternity units nationwide; allowing us to identify the phenotypes in the general preschool population across France.

B. Sample size

To the best of our knowledge, our study's analytical sample sizes for construction of wheeze trajectory (N=9,161) and unsupervised clustering (N=9,517) are the largest compared to past studies (see table 8).

IV. Multiple avenues for further research in childhood asthma studies

The associations found in our study highlight potential explorable avenues in future childhood asthma studies, for e.g.

We found high percentages of multiple vaccinations in cluster A alongside a lack of severe symptoms and no multimorbidity; and the role of multiple vaccinations in childhood asthma is a potential explorable avenue in future studies.

V. Cluster profiles: Distinct and Valid

The clusters ascertained were non overlapping, indicating that the phenotypes identified are distinct. Moreover, the phenotypes ascertained in 2019 and 2020 showed similarities; for e.g. The asymptomatic presentation in the 2019 cluster A was also seen in the mildly symptomatic cluster A in 2020.Moreover, both these clusters were the largest compared to the rest. Similarly, bronchiolitis in early life was a defining feature of cluster C in 2019 and Cluster B in 2020, also atopy dominated cluster D in 2019 and Cluster D in 2020. The consistencies in the presenting phenotypes of the clusters are a proof of their validity.

VI. Burden of pediatric asthma in France

Despite the 70% mild symptom presentation (cluster A); severity of symptoms, increased use of medications, frequent emergency consultations and hospitalizations dominated 3 of the 4 clusters i.e. nearly 30% of the studied population.

Our results further underscore the currently existing issues of under diagnosis and poor control of pediatric asthma in France [16].

Limitations of the study

I. Attrition of symptomatic children

Admittedly, our excluded population in unsupervised cluster analysis had a higher proportion of wheezers and presented with severe symptoms at age 5; however, attrition of symptomatic children belonging to a low socioeconomic class is an unfortunate drawback in birth cohorts. Fortunately, the atopic status did not differ between the populations and the large sample size ensured the capture of the real life under estimation of wheezing in the general population.

II. Missing data

Questionnaires in the ELFE cohort were administered successively at the birth of the child, 2 months post birth and at age 1; and were given to both parents simultaneously. The questionnaires were very elaborate owing to the multidisciplinary nature of the cohort, making it difficult for the parents to answer all the questions. While these reasons formed the basis for collection of extensive information, they also acted as the grounds for the high percentage of missing data (15.9%) in our study. However, missing data is an inherent feature of longitudinal birth cohorts.

III. Lack of objective measurements

One of the biggest limitations of our study is the lack of objective measurements. However, objective tests for e.g. Lung function tests cannot be performed accurately on preschool children [188]. Furthermore, parental reporting of symptoms has shown good concordance with a doctor's diagnosis [START_REF] Canova | Epidemiological measures of childhood asthma: Cross-sectional and longitudinal consistency[END_REF]; which is especially helpful in assessment of asthmatic children under age 5.

Future work

Lung function testing will be introduced in the ELFE cohort when the participants attain adolescence and early adulthood. These functional parameters assessed in early adulthood will be used to determine the longitudinal validity and the evolution of the symptom profiles, obtained in our current study.

Key Points of Chapter 4

 Early life clinical presentation of childhood asthma is highly heterogeneous. While studies have highlighted the manifestation of asthma symptoms in early life; however, phenotyping in preschoolers remains underexplored.  The ELFE study provided a unique opportunity to ascertain preschool wheeze and asthma profiles in participants from 320 maternity units across France  As wheezing is a dominant symptom of childhood asthma we decided to ascertain wheeze profiles in the general preschool population from the postnatal period till age 5.  Using a supervised trajectory, we determined 4 distinct wheezing profiles in 9,161 children: Persistent (0.8%), Incident wheezing at age 5 (13.3%), Transient (12.1%) and Non wheezers (73.9%)  Our preliminary results indicated multimorbidity i.e. the co-existence of respiratory and allergic symptoms in Incident wheezers at age 5.  Findings from the early life wheeze profiles compelled us to further explore the co-existence of respiratory and allergic diseases within the same period.  Unsupervised clustering seemed the most suitable option for this exploration and hence we opted to apply this method using seven symptoms: wheezing, indicators of atopy, allergy and severity of asthma.  We found 4 distinct pre-school asthma phenotypes in 9,517 children: Mildly symptomatic (70%), Post-natal bronchiolitis with persistent rhinitis (10.2%), Severe early asthma (16.9%) and Early persistent atopy with late-onset severe wheeze (2.9%) using unsupervised clustering.  The results of our study provide: detailed descriptions on preschool wheeze profiles and asthma phenotypes, capture the real life heterogeneous symptom presentation, and provide insight into extensive multi-morbidity faced by asthmatic children.  Also, the results of our study contribute to the evidence base-needed for consideration of co-existence of multiple symptoms in defining childhood asthma.

SUBMITTED VERSION OF THE MANUSCRIPT

INTRODUCTION

Heterogeneity is the hallmark of childhood asthma; a fact reflected in the lack of a comprehensive definition and a stable clinical presentation [1]. While wheezing is considered as a predominant symptom of childhood asthma and IgE mediated atopy as the commonest presenting phenotype [2,3]; however currently, asthma is no longer considered as a singular disease but rather a complex association of multiple symptoms (cough, dysponea, allergic rhintis, eczema etc) and various syndromes [4] .

Findings from the Melbourne Epidemiological Study of Childhood Asthma and Tucson birth cohort indicate that the origins of asthma are deeply rooted in early life [5,6] . While our understanding of childhood asthma has significantly increased in the past decade; a gap still exists in identification of early life asthma phenotypes.This gap could likely be explained by methodological limitations i.e. a lack of diagnostic marker or inadequacy of functional measurement techniques [7,8] and heterogeneous symptom presentation, in children under age 5.

This gap unfortunately, contributes to a plethora of auxiliary problems for e.g. the underdiagnosis and undertreatment of childhood asthma remains rife, while severe asthmatic children still face increased hospitalisations and multimorbidity [9]. Despite advancements in treatment options and improved guidelines, childhood asthma mortality trends and hospitalisation rates have remained unaffected in the past decade according to the estimates of WHO Mortality Database from 46 countries [10] ; making early life phenotyping of asthma even more pertinent in current times.

Although a deterministic diagnosis of childhood asthma remains pivotal in addressing the aforementioned issues; currently the tides in pediatric asthma are shifting away from a homogenous definition for asthma towards a deconstructed one. The Lancet Clinical

Commission suggests defining asthma under a wide umbrella i.e. encompassing a wide range of factors inclusive of socio-environmental, co-morbidities, identifiable and treatable symptoms and airway phenotypes [11]. The need for grouping various factors rather than using an exact definition for childhood asthma has been further purported in the severe pediatric asthma review [12].

Additonally, the etiology of asthma itself dictates the identification of phenotypes in a longitudnal direction i.e post natal period to adulthood. While severe childhood asthma in France has been extensively studied in the Trousseau Asthma Program (TAP) [13,14] ;

preschool asthma phenotypes remain underexplored.

Based on all the above reasons, we decided to identify preschool wheeze profiles and asthma phenotypes using a supervised trajectory and an unsupervised clustering technique respectively; based on symptom (s) trajectories from the post natal period to preschool age in the French Étude Longitudinale Française depuis l'Enfance (ELFE) cohort.

METHODS

Study setting and design

Initiated in 2011, the ELFE cohort successfully enrolled 18,329 newborns from 320 maternity units across France. Our cohort has been designed with a multidisciplinary approach; one of which is to increase our understanding of asthma from birth to adulthood. Details of the cohort have been previously published [15] and further information is available on the website: https://www.elfe-france.fr/en/. The French Data Protection Authority (CNIL),

Consultative Committee for Data Processing in Health Research (CCTIRS) and National

Council for Statistical Information (CNIS) have granted approval for the ELFE cohort.

Data collection

We employed modified versions of the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaires for collection of respiratory and allergic health data in our study. Questionnaires are accessible on https://www.elfe-france.fr/en/the-research/access-todata-and-questionnaires . STROBE guidelines have been followed in the present study.

Supervised trajectory based exclusively on wheezing from the post natal period to preschool age

Inclusion criteria

Children with complete information on wheezing from ages 2 months to 1 and 5 years were included in the analysis.

Exclusion criteria
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The excluded population was composed of children with missing information on wheezing from 2 months to 5 years.

Construction of supervised trajectory

Parental reporting of wheezing at 2 months and wheezing in the past 12 months at both ages 1 and 5 was used to create our supervised trajectory, to understand the evolution of wheezing in children from the post natal period (2 months) to preschool (5 years).

Unsupervised Clustering based on multiple symptoms from post natal period to preschool

Inclusion criteria

Complete parental responses to: "Has your child ever had asthma?" at age 5, acted as our inclusion criteria.

Symptoms and time points

7 symptoms were considered for unsupervised clustering i.e. wheezing, eczema, food allergy, cough, allergic rhinitis, dyspnoea and sleep disturbance due to wheezing. Data on the 7 symptoms was extracted from questionnaires administered at 3 ages: 2 months, 1 year and 5 years.

Exclusion criteria

Children with missing information on any of the 7 symptoms across the 3 time points were excluded from the analysis.

Construction of unsupervised clusters

Children in the analytical sample were assigned to clusters using unsupervised classification techniques.

STATISTICAL ANALYSIS

Supervised wheeze trajectory

Differences in the resulting wheeze clusters were established on the family history of asthma (2 months), parental smoking (2 months), atopic/ allergic symptoms and known protective factors (age 5) using chi-squared (χ2) test (p<0.05).

Unsupervised clustering

Univariate analysis

A univariate analysis of each symptom at the 3 times points was performed to test their statistical significance with asthma at age 5.

Cluster Analysis

We used KmL analysis, which is an implementation of a nonparametric algorithm designed to work specifically on longitudinal data. It identified clusters of children with similar evolution of their symptoms across 3 time points. Five different indexes were used to choose the optimal number of clusters: The Calinski and Harabatz index (version 1, 2 and 3), the Ray and turi index, and the Davies and Bouldin index [16].

Identification of clusters and subsequent ascertainment of phenotypes

Parental reporting of symptoms and clinical profiles at 2 months, 1 year and 5 years were used for identification of the clusters and subsequent ascertainment of phenotypes.

Additonally, information on notable risk and protective factors was extracted from questionnaires administered at birth as well as from the previously mentioned time points. We also used data on vaccination; extracted from the questionnaire at age 2.
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Bivariate analysis

Statistically significant differences between children and clusters were examined using chisquared (χ2) or fisher's exact tests, as appropriate (p<0.05).

Softwares employed

All analyses were performed with SAS software version 9.3 and R version 3.3.2. Data were analyzed using packages KmL, version 2.4.1 [16] and dplyr version 0.5.0 (dplyr is a grammar of data manipulation, providing a consistent set of verbs that help you solve the most common data manipulation challenges).

RESULTS

Supervised wheeze trajectory

Study sample

At the first step of our analysis 16,028 children were included based on complete information of wheezing status at 2 months; of which 1,026 (6.4%) children had wheezing and 14,867 (92.8%) did not. We then determined if the wheezing status of these children had changed at ages 1 and 5, from their initial responses at 2 months. Based on the complete responses on the course of wheezing from the ages of 2 months to 5 years, we were able to determine our analytical sample of 9,161 children (Figure 1).

Identification of clusters

At age 5, we were able to identify 4 clusters in our analytical sample based on the trajectory of wheezing from post natal period to preschool, namely: Persistent wheezers (0.8%), Transient wheezers till age 5 (12.1%), Incident wheezers at age 5 (13.3%) and Non wheezers (73.9%) (Figure 1). Details on the classification of children in the wheeze clusters is provided in the Online data supplement.

Characterisation of wheeze clusters

Children in the persistent wheezing cluster were characterised by risk factors such as maternal smoking (23.2%, p <0.0001) and having an asthmatic sibling (14.5%, p <0.0001).

Additionally, the highest parental reporting of asthma ever (58%, p <0.0001) was also seen in persistent wheezers. Notably, incident wheezing at age 5 was associated with multiple comorbidities and family history of asthma (i.e. mother and father) (p <0.0001) (Table 1). 

Unsupervised clustering

Study sample

11,318 children met the inclusion criteria, while complete information on 7 symptoms across 3 time points was available for 9,517 (84.1%) children (Figure 2).

The excluded population (1,801, 15.9%) belonged primarily to either a low (3.4%) or middle (30.1%) socioecomic class and had a higher prevalance of wheezing, while the analytical sample belonged to a higher (68.7%) socioeconomic class and had a lower prevelance of wheezing. However, no differences in atopy (eczema and food allergy) were observed between the analysed and excluded population at any time point (Table 2). 

Differences between the analytical sample and excluded sample

Univariate analysis

Prevalence of the 7 symptoms at the 3 defined time points is shown in Supplementary Figure 1 and the results of the univariate analysis (p<0.05) is shown in Supplementary Table 1.

Identification of the optimal number of clusters

Criteria applied to choose the optimal number of clusters ( 4) included: the first, second and third versions of the Calinski and Harabatz index, the Ray and Turi index, and the Davies and Bouldin index (these criteria are normalized to be mapped together using the KmL package in R). Each cluster was composed of children with similar symptom trajectories from ages of 2 months to 5 years (Supplementary figure 2).

Characteristics of the Clusters

Cluster A (6663, 70%) was the largest cluster and was predominantly composed of mildly symptomatic children with no multimorbidity in the analysed time period, while contrastingly children in Cluster C (973,10.2%), B (1609,16.9%) and D (272, 2.9%) presented with severe symptoms at age 2 months, 1 year and 5 years respectively.

Phenotypes

The clusters were compared on a combination of symptoms, clinical profiles, vaccination history, notable risk and protective factors from birth till age 5. The predominance of distinct Symptomatic children were followed using a multidisciplinary approach and prescribed regular use of inhalers and oral medications. This cluster was predominantly male.

Early persistent atopy with late-onset severe wheeze (2.9%) (Cluster D, n=272):

This phenotype presented with post natal persistent eczema and incidence of severe wheezing and multimorbidity at age 5. Symptomatic children underwent consultations with multiple specialists. We also noticed emergency consultations and frequent hospitalisations at age 5 within this phenotype. Details of significant findings in each cluster are tabulated in Table 3 The prevalance of asthma at age 5 in each cluster is shown in Figure 3 and we saw the highest prevelance in cluster D (34.6%, p<0.0001).

DISCUSSION

Main findings

In our general population based cohort , which is nationally representative of births in France since 2011, we used two approaches to determine preschool wheezing and asthma phenotypes.

Using a supervised trajectory, we determined 4 distinct wheezing clusters in 9,161 children:

Persistent (0.8%), Incident wheezing at age 5 (13.3%), Transient (12.1%) and Non wheezers (73.9%).

Additionally, using unsupervised clustering we found 4 distinct pre-school asthma phenotypes in 9,517 children: Mildly symptomatic (70%), Post natal bronchiolitis with persistent rhinitis (10.2%), Severe early asthma (16.9%) and Early persistent atopy with late-onset severe wheeze (2.9%).

Wheezing clusters using a supervised trajectory

Rationale behind using wheezing exclusively

As wheezing is a predominant symptom in childhood asthma it was necessary for us to understand its evolution from the post natal period to preschool age.

Persistent wheezers

In our study post natal exposure to maternal smoking (23.2%, p<0.0001) was significant in persistent wheezers ; concurrent with the extensively documented association between early life exposure to tobacco smoke and development of wheezing [17]. Despite parental smoking being a strong risk factor; we were only able to capture the conduciveness of maternal smoking to the development of early wheezing. While atopy has been implicated in persistent wheezing in numerous birth cohorts [18], however in our study persistent wheezing was predominantly non-atopic. Interestingly though, persistent wheezers had the highest parental reporting of asthma ever at age 5 (58%, p<0.0001); which could perhaps be attributed to having the highest prevalence of an asthmatic sibling (14.5%, p<0.0001).

Incident wheezers

The German Multicenter Allergy Study showed that parental atopy increased the risk of allergic multi morbidity [19]. Similar findings were seen in the ELFE cohort; wherein incident wheezing at age 5 was associated with parental asthma (mother 20.3%, father 18.3%) as well co-existence of multiple comorbidities: eczema (38.1%), food allergy (6.6%), allergic rhinitis (27.7%) and dry night cough (54.2%).

Transient wheezers

In the study conducted by the Group health medical associates (using children enrolled in Tucson cohort), maternal smoking was an independant risk factor in transient wheezing [20], however we did not see this association in our study.

Asthma phenotypes using unsupervised clustering

Rationale behind symptoms selection

The wheeze clusters using a supervised trajectory were informative but inadequate in capturing the diverse nature of childhood asthma. Hence, the use of 7 different symptoms in our unsupervised cluster analysis was a judicious pre-requiste; allowing us to gain insight into the diverse and intricate nature of childhood asthma.

Each of the symptoms chosen has a convoluted role in asthma, for example : wheezing is the predominant symptom that has been used to define asthma in past decades, while the complex interplay of atopy (predominantly indicated by eczema) and allergic multimorbidity (indicated by allergic rhinitis and food allergy) have made a unique contribution towards asthma development [2,19]. Recently, PARIS birth cohort showed that dry night cough could be a marker of allergy in preschool children [21] and hence we decided to include it as one of the symptoms. Dyspnoea and sleep disturbance and due to wheezing are suggestive of severe asthma (GINA guidelines) [22] and were included for the assessment of severity within the clusters.

The relevance of the selected symptoms in the development of asthma was depicted in the results of univariate analysis; wherein each symptom (at each time point) was significantly associated with asthma at age 5.

Rationale behind selection of time points

Although the importance of early life exposures and subsequent development of asthma has been extensively documented however, the onset of symptoms and their evolution from post natal period to preschool age has not been fully understood.

It was critical for us to ascertain time points that would aid in showing the longitudnal evolution of symptoms in early life. Therefore, symptoms at 2 months, 1 year and 5 years were used to indicate post natal period, infancy and preschool age respectively.

Phenotype ascertainement of Cluster C

The deterministic criteria for bronchiolitis is usually an episode of wheezing prior to the age of 12 months [23] and the commonest implicated etiological agent is the respiratory syncytial virus (80%) (RSV) with peak prevalences seen in winter [24]. The Swedish study by Sigurs and colleagues has been a pioneer in establishing the association of RSV in first year of life with subsequent development of childhood asthma [25] and persistence into adulthood [26].

Additionally, the CoAST study found that wheezing with rhinitis (caused by rhinovirus) in the first year of life placed infants at a greater risk of asthma compared to RSV [27]. Furthermore, the potential involvement of viral bronchiolitis in induction of genetic susceptibility loci to asthma has been postulated [28].

Considering the overlap between etiological agents and progression of bronchiolitis to asthma; there is evidence to believe that perhaps bronchiolitis in infancy might be early onset asthma [23]. Our findings in cluster C, further supports the notion of the possible consideration of post natal bronchiolitis as early onset asthma due to the overlapping of symptoms and treatments. For example, infants in cluster C were born in winter (41.1%), developed respiratory symptoms post birth (29%), were hospitalised with bronchiolitis (10.5%) at 2 months and rhinitis persisted till infancy (72.8%).

Phenotype ascertainement of Cluster B

The multitude of symptoms, medications, adjuvant treatments and hospitalisations at age 1 in cluster B indicated a severe early asthma phenotype. Children suffered from frequent wheezing attacks, and experienced sleep disturbance and dyspnoea due to wheezing ; both considered as markers of severity according to GINA guidelines [22].

The severity of the symptoms resulted in increased hospitalisations and medications, used in the management of asthma, for example: 56% children regularly used Short-acting betaagonists (SABA), 29.8% and 0.8% used Inhaled corticosteroids (ICS) and Long-acting betaagonists (LABA) (alone or in combination with ICS) respectively, while 17.6% were on Oral corticosteroids and 1.1% had been prescribed Leukotrine receptor antagonists (LRTA).

In children under 5 years of age, SABAs are the first line of treatment and ICS are recommended as an add on, when SABA alone fails to provide symptomatic relief. If the severity of symptoms increases and poor control of asthma persists, then LABA, Oral corticosteroids and LRTAs are added in the treatment plan (GINA 2019 report) [29].

In cluster B, we saw that 64.8% children were diagnosed with bronchiolitis, 17.7% experiencing multiple episodes, and 77.1% received antibiotic treatment. Interestingly, the Global asthma report (2018) suggests that early asthma might be misdiagnosed as other respiratory infections and get treated with antibiotics [9].

Futher proof of the severity of symptoms is found in the high percentages of oxygen therapy received during hospitalisation (5.1%) and prescription of adjuvant respiratory physiotherapy (66.4%).

It is also important to mention that compared to the rest of the clusters, Cluster B was heavily characterised by well established risk factors, for example: male gender (60.4%) [30],

preterm delivery (5.3%) [31], cesarean section (17.1%) [32] and parental smoking [30] from the post natal period to infancy.

At age 5, body mass index (BMI) was transformed into percentiles using height based BMI kg/m 2 for boys and girls , as per the WHO guidelines for child growth standards [33]. Similar to the reverse causal relationship between early use of ICS and weight gain in childhood (as recorded in a pooled analysis of 16 European cohorts) [34] , we saw that boys in cluster B were at risk of being overweight (age 5) and were prescribed ICS at age 1.

Phenotype ascertainement of Cluster D

The highest prevalence of asthma (34.6%) at age 5 was seen in cluster D. Atopic asthma affects 70-90% children making it the commonest form of asthma [35], yet contrastingly the atopic phenotype (cluster D) was the smallest in our study (2.9%). This could perhaps be due to the severe multimorbidity seen within this cluster at age 5, which was monomuntel in its differentiation from others.

Although at age 5, wheezing (26.1%) was significantly higher in this cluster, food allergy prevailed at 100% and allergy to multiple food groups was distinctly noticeable. Severe multimorbidity was not only seen in the high prevelance of symptoms such as sleep disturbance, dyspnoea (7.4%), frequent wheezing attacks and speech limitation (4.8%) due to wheezing, but also in increased frequency of emergency consultations (11.4%) and hospitalisations (5.5%).

Concurrent with the association between early eczema and childhood asthma, [19] we see persistence of post natal eczema (22.4%) into infancy (37.9%) in cluster D. Notable perinatal risk factors such as young maternal age at gestation and assisted delivery (forceps and suction cup) (15.4%) were also seen, along with a family history of asthma: maternal (16.2%) and sibling (8.5%) [36][37][38].

One of the most interesting findings in cluster D is the hospitalization for pneumonia (0.7%) and the use of nebulised adrenaline (1.1%) at age 1. Several studies have postulated that asthma might be misdiagnosed as pneumonia in children under the age of 5, for example : An

Indian study (urban tertiary care center) using the WHO-defined severe pneumonia and wheezing criteria ; noted that pneumonia alone presented in less than 10% of cases ; while 46% cases had acute asthma [39]. Additionally, a multicentre study conducted in Pakistan (using WHO Acute Respiratory Infection guidelines) showed that in infants diagnosed with pneumonia ; bronchodilators were successful in the resolution of wheezing and did not require antibiotics [40]. Furthermore, a recent study conducted in a tertiary care hospital in Uganda indicated the overprescription of antibiotics due to asthma being misdiagnosed as pneumonia [41].

The efficacy of nebulised adrenaline is comparative to salbultamol but without cardiovascular side effects [42]. Hence, often infants and young children with acute asthma attacks are Page 28 of 58 European Respiratory Journal administered nebulised adrenaline to reduce mucoal edema [43]. Based on the above evidence, it is plausible that pneumonia (age 1) in cluster D was perhaps acute excerbating asthma.

STRENGTHS

Sample size

The large sample sizes analysed in our study is one of the biggest strengths. We had complete data on 9,161 and 9,517 children in supervised trajectory and unsupervised clusters respectively. While cluster anaysis for phenotyping asthma has been undertaken in several cohorts, the sample sizes are often limited, for example : in the Cincinnati Childhood Allergy and Air Pollution Study (CCAAPS), cluster analysis was performed on 72 children between ages 1 to 7 [44] and the Childhood Asthma Management Program (CAMP) identified 5 clusters in 1,041 asthmatic children from ages 5-12 [45].

Inclusion of Post natal symptoms

Although the effect of pre and post natal exposures such as parental smoking, maternal antibiotic use and maternal stress on asthma has been discussed in various studies [46] ; consideration of post natal symptoms for phenotyping childhood asthma has been rare. Our study is one of the few studies to have included data from post natal period (2 months) in phenotyping preschool asthma.

Unsupervised clustering

The benefits and limitations of unsupervised clustering techniques have been discussed at length. However, we found a greater advantage in using unsupervised clustering, since it allowed for the visualisation of the longitudinal evolution of multiple symptoms in a large sample size.
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Detailed description of clinical profiles

The clusters we obtained were non overlapping; indicating that the phenotypes identified are distinct. Moreover, we have presented a detailed description of the various symptoms and treatments pertinent to childhood asthma from data collected at a very early stage i.e. 2 months post birth. Additionally, our study highlights the multimorbid nature of childhood asthma using multidisciplinary (specialist) medical consultations and frequent hospitalisations.

Despite the 70% mild symptom presentation (cluster A), we can see the severity of symptoms, increased use of medications, frequent emergency consultations and hospitalisations dominating 3 of the 4 clusters i.e. nearly 30% of the studied population. Our results further underscore the currently existing issues of under diagnosis and poor control of pediatric asthma in France [47].

Effect of influenza vaccination in infancy on childhood asthma

The association between vaccination and childhood asthma has gained substantial traction in the past years , for example: A multicenter study and Survey of Pediatric Asthma in the Military (SPAM) in United States have shown that annual influenza vaccinations reduced exacerbations in preschoolers and young children [48,49].

Additionally, influenza vaccination has showed an association with reduced morbidity in asthmatic infants and pre-school children in the Utrecht University General Practice Network primary care study [50]. In cluster B, we can see the highest percentage of influenza vaccinaton (1.6%) in infancy with the reduction of symptoms at age 5, supplementing the results of the aforementioned studies.

Missing data (unsupervised cluster analysis)

The ELFE cohort is a general birth cohort, with multidisciplinary objectives and hence the questionnaires were designed to cater to all the disciplines included, for example: social sciences, health and environment. Furthermore, our cohort is a father inclusive cohort and hence questionnaires were administered to participating mothers and fathers separately. The questionnaires were also administered successively at the birth of the child, 2 months post birth and at age 1; making it difficult for the parents to answer all the questions. While these reasons formed the basis for collection of extensive information, they also acted as the grounds for the high percentage of missing data (15.9%) in our study. However, incomplete parental reponses is a common limitation of epidemiological cohorts.

Determination of Socioeconomic status

The use of maternal education as proxy for determining socioeconomic status has garnered conflicting results in many studies. However, we opted for its use since in high income countries, maternal education is a key predictor of earnings, wealth, resources [56] and economic security [57] .

Objective measurements

Parental reporting of symptoms has shown good concordance with a doctors diagnosis [58] ;

which is especially helpful in assessment of asthmatic children under age 5. Lung function tests can not be performed accurately on preschool children [8] and administering skin prick tests or determination of blood IgE levels was infeasible ; given our large study sample.

However, we plan to address the limitation of objective measurements within our current study by including lung function testing at adolescence and early adulthood in our later

Page 32 of 58 European Respiratory Journal studies. This methodology is similar to the ones seen in other cohorts, for example : NIAIDfunded Inner City Asthma Consortium study included 6-17 year-old asthmatic children from low-income areas [59]. Similarly, Severe Asthma Research Program also analysed the same age group to determine the distribution of severe asthma across age groups [60].

FUTURE CONSIDERATIONS

Certain findings in our study indicate potential explorable avenues, that can be undertaken in clinical studies and epidemiological cohorts.

Multiple vaccinations

While the roles of MMR, Pertussis, Influenza and BCG vaccinations in childhood asthma have been studied [50,61,62], the need to analyse the effect of multiple vaccinations in infancy remains. Although we found high percentages of multiple vaccinations in cluster A alongside a lack of severe symptoms and no multi-morbidity; however, establishing a clear association was beyond the scope of our current study. We hope that future studies explore the role of multiple vaccinations in childhood asthma.

Non furry pets

In cluster B, we see the highest prevalance of owning furry pets (41.7% cat, dog, hamster, rabbit, guniea pig) and non furry pets (2.7% birds and other domestic animals). While the benefit of hygeine hypothesis (mediated through furry pets) in childhood asthma is clear [63] , it would be interesting to also include the effect of non furry pets in future studies.

Maternal conditions

Effects of maternal employment on childhood asthma have been conflicting [64] and the findings in our study also shed light on this ambuguity. We see a high percentage of Page 33 of 58

European Respiratory Journal employed mothers in cluster B (severly symptomatic in infancy), while the mothers in cluster D (severly symptomatic at age 5) were either unemployed, homemakers or students. It would be interesting to explore the effect of maternal employment status (employment or unemployment) along with occupational exposures in childhood asthma.

New food groups

Allergy to multiple food groups is a well established indicator of severe asthma, yet the commonly considered food groups are limited to Milk, peanuts and eggs [65,66].

Interestingly in Cluster D while 50.4% children were allergic to at least one of commonly considered food allergen (Milk, peanut, egg), 47.4% had an allergy to foods (Fish/Soy/Exotic fruits) which have not been extensively studied. Subsequent asthma studies could perhaps consider inclusion of these food groups.

Alternative treatments

Our results also show a significant use of of homeopathic (17.7%) and naturopathic (4%) treatment in cluster D. These treatments are not normally considered in current studies; however, their pronounced usage merits further exploration in future studies.

CONCLUSION

We successfully identified 4 wheeze clusters from a supervised wheeze trajectory, and 4 asthma phenotypes through unsupervised clustering, in preschool children. Based on our results, we can see the advantage of using a simple criteira to identify severe preschool asthma phenotypes.

Criteria similar to the ones used in our study can be easily utilised by general practitioners to profile preschool and childhood asthma. These profiles can facilitate diagnosis, assessment of severity and formulation of personalized treatment plans for each individual child in primary care settings, for e.g. refferals to specialists for further biological explorations, counselling parents on the latest treatment options available, lifestyle recommendations etc.

In our study, we noticed the benefit of using multiple symptoms to define preschool asthma.

Additionally, we also see that unsupervised clustering offers the highest benefit in early life asthma phenotyping, by allowing the exploration of co-existing respiratory and allergic diseases.

The results of our study are reflective of real life multi-morbidity and also indicative of the need to re-think the way we define preschool and childhood asthma.

FIGURES FIGURE LEGENDS

Figure 1: Prevalence of the 7 symptoms from post-natal period to age 5 (Analytical sample for clusters, N=9,517). Timeline is on the X axis while prevalence of symptoms is on the Y axis. In the legend 1 night / week and multiple nights/ week are indicative of the frequency of sleep disturbance due to wheezing. 1: Univariate analysis of 7 symptoms across 3 time points with asthma at age 5. Note: 1-2 Symptoms in the past 12 months, 3-4 While the outdoor environment has been extensively explored, the impact of indoor environment on childhood asthma is less understood [190]. The indoor environment is of particular importance, as it is the predominant place where children spend most of their time, especially in early life. Also, the past two decades have seen rapid urbanization and modernization of construction materials used for housing, for e.g. Traditional floor coverings such as stone or cement have been replaced by modern floor coverings: linoleum, PVC, carpet, wood, and laminated wood. Similarly, modern wall coverings (paint, latex paint, wall paper, wood, textile) are widely used instead of the traditional coverings (stone, tile, lime) [191]. Interestingly, several studies have found an association between asthma and use of modern materials, renovations (e.g. paint) and decorations; owing to emission of semi volatile organic compounds (SVOCs) and volatile organic compounds (VOCs) e.g. formaldehyde [192][193][194][195] ; indicating that the exploration of housing characteristics and indoor environmental exposures are important factors to be considered in the development of childhood asthma.

A recent cross-sectional study of 7,366 children in Tianjin, China developed a modern life index using relevant home characteristics (e.g. Presence of moisture, condensation on window panes, odor perception, fuel burning, pet ownership), modern lifestyle factors (e.g. sun cured bedding, attendance of day care, fast food consumption) and biological factors (e.g. breastfeeding, mode of delivery etc.). A modern home environment and a modern lifestyle displayed a dose-response relationship with asthma and allergy in 0-8 year old children [191].

The results of our cluster analysis captured the multifaceted presentation of preschool asthma prevalent in France.

Based on the findings of the past studies and given the under exploration of indoor environment in childhood asthma, we decided to explore probable associations of various indoor environmental factors and lifestyle with the phenotypes ascertained in our study.

Aims

• What particular housing characteristics (especially in early life) play a role in the development of a particular phenotype?

•

Is there a longitudinal effect of housing characteristics on any particular phenotype?

• Is the indoor use of pesticide and insecticide treatment (early life vs preschool age) associated with a particular phenotype?

•

Is there an association between lice treatment (preschool age) and a phenotype?

• Does maternal (pre and perinatal) mental health and/or habits show an association with a particular phenotype?

Methodology

• Determination of sample size

In the questionnaires from 2 months to age 5, parents were asked: "The last time you described your dwelling in the Elfe study, you lived at this address "show address". Have you moved since then?" The responses of these questions were used to construct a variable "Child in the same dwelling as at the survey 2 months" (provided by the data management team in Paris). Participants of the cluster analysis that responded yes to this constructed variable were included in the present analysis.

• Time points and factors analyzed

The pertinent factors at each time point that were included in the analysis are listed below: 

• Bivariate analysis

Statistically significant differences between children and clusters were examined using chi-squared (χ2) or fisher's exact tests, as appropriate (p<0.05).

• Software used

All analyses were performed with SAS software version 9.4.

Results

•

Determination of the analytical sample

Respiratory and allergic symptoms of 9,517 children were used for the unsupervised clustering resulting in 4 phenotypes: Mildly symptomatic (70%), Post-natal bronchiolitis with persistent rhinitis (10.2%), Severe early asthma (16.9%) and Early persistent atopy with late-onset severe wheeze (2.9%). Of the 9,517 children, almost half of the children (n=4,622 (48.6%)) were living in the same dwelling from ages of 2 months to 5 years, and were included in the analysis (analytical sample). 51.4% (n=4,895) children were excluded from the analysis as they were not living in the same dwelling during the time period analyzed.

• Differences between the analytical sample and excluded population

Children in the analytical sample and excluded sample were compared on socioeconomic status and type of dwelling in the postnatal period (2 months), infancy (1 year) and preschool period (5 years) and the results are shown in Table 9.

Tableau 9: Comparison of the analytical and excluded population using factors from age 2 months till age 5. The analytical sample belonged to a higher SES and were living in a home, whereas the excluded population belonged to a low or middle socioeconomic status and lived in either an apartment of any one of the following dwellings (p<0.05)

Characteristics

: A hotel room, accommodation center, social residence, a collective residence, a community (e.g. health center, hospital, barracks, living community, religious congregation, boarding home, university residence, prison) a caravan or mobile home , a place not intended for habitation (e.g. street, vehicle, building lobby, makeshift shelter).

 Distribution of clusters in the analytical sample

In the 4,622 children analyzed, 70.5% (n=3,258) presented with a mild symptom profile (Cluster A). Post-natal bronchiolitis with persistent rhinitis phenotype (Cluster C) was seen in 10.3% (n=476) children, while 16.6% (n=766) children presented with severe early asthma (Cluster B). Early persistent atopy with late-onset severe wheeze (Cluster D) was seen in 2.6% (n=122) children.

 Exposures / factors during the pre and perinatal period

The most pertinent factor that showed an association with Cluster B and D was active smoking and passive exposure to tobacco smoke during pregnancy (p<0.05), as shown in Table 10. Contrastingly, children in Cluster C had limited exposure to tobacco smoke (<1hour/day).

Tableau 10: Pre and perinatal exposures in the clusters. The associations between home repairs/renovations, use of varying forms of pesticides, lice treatment and pet ownership at age 5 and clusters has been shown in Table 13. Briefly, statistically significant associations between Cluster C and home repairs/renovations, use of pesticides at home against flying insects and lice treatment at age 5 was seen. Frequent lice treatment dominated Cluster B and D (less vs. more respectively). The predominance of male and female gender in Cluster B and A respectively (as seen previously in the cluster analysis), was also seen.

Tableau 13: Associations at age 5. 

Summary of results

A summary of the statistically significant findings in each cluster at the various time points considered is provided in 

Discussion

• Main findings

We aimed to gain a better insight into the various underlying indoor environmental factors and/or exposures which could be associated with the phenotypes determined through unsupervised clustering. While, we were unable to capture any significant associations with housing characteristics (floor and wall materials); overcrowding and home repairs/renovations were associated with the phenotype Post-natal bronchiolitis and persistent rhinitis (Cluster C). Lice treatment at varying points, showed an association with 3 phenotypes: Post-natal bronchiolitis and persistent rhinitis, severe early asthma, and early persistent atopy with late-onset severe wheeze. Interestingly, pet ownership and maternal smoking during pregnancy were significantly associated with severe early asthma, and early persistent atopy with lateonset severe wheeze. This finding was reflected in a recent study in the ELFE cohort, wherein 4 perinatal smoking trajectories were identified: non-smokers (59%), quitters (20%), persistent moderate (12%) and persistent heavy (9%) smokers [199].

Maternal smoking has shown an association with a multitude of poor perinatal outcomes, and has a lasting detrimental impact on maternal and child health [200][201][202]]. An overall consistency has been seen in the literature regarding the negative effects of fetal and postnatal exposure to parental tobacco smoking on several health outcomes including impaired lung function, asthma and wheezing. For e.g. a 2015 meta-analysis showed that prenatal exposure to maternal smoking induced wheezing and asthma in the offspring and the effect was pronounced in the first years of life [203].

Furthermore, a recent descriptive review stated that maternal smoking during pregnancy played a major role on adverse postnatal outcomes, and a cumulative negative effect was seen with second-hand smoke exposure [204]. Similar findings were also seen in our study wherein smoking during pregnancy was associated with 2 phenotypes: severe early asthma and early persistent atopy with late-onset severe wheeze.

• Overcrowding

Overcrowding was a prominent feature in the phenotype Post-natal bronchiolitis with persistent rhinitis and conversely, children presenting with the mild symptomatic phenotype were predominantly living in large spaces with ≤ 3 inhabitants. Overcrowding was previously thought of as a protective factor against asthma development (hygiene hypothesis), however, inconsistencies have been seen in the literature, for e.g. in a Brazilian case-control study household overcrowding places was suggested to be a protective factor against asthma [205]. However in the seven cross-sectional surveys of preschool children in Germany (2004 -2014) no association was found between overcrowding and wheezing or asthma [206]. Interestingly, in a study of Alaskan Native children, overcrowding showed an association with respiratory symptoms in children [207], similar to the finding in our study.

• Maternal depression and anxiety during pregnancy

Maternal mental health in the peri and postnatal period has been shown to be of importance in the development of childhood asthma, and in a recent meta-analysis by Chen et al. prenatal mental disorders increased the risk of childhood asthma [208]. However, we were unable to capture these associations in our study. 

• Lice treatment

The active ingredient in lice treatment products is permethrin, a synthetic version of pyrethrin. A study on Permethrin Crème Rinse was done by using products containing this synthetic pyrtherin. The study's results found 1.0-3.5 adverse events per 1,000 patients, indicating that reactions are uncommon but possible (https://breathepa.org/lice-treatmentstrigger-childs-asthma/ ). Given the significant associations found in our study between lice treatment and 3 symptomatic phenotypes, future studies could be directed towards gaining a better insight into these associations. These findings further highlight the importance of educating parents on better alternatives for lice treatment: Cetaphil (nontoxic), Nix Ultra and repeated wet combing with the use of a lice comb.

• Home repairs and renovations

Home repairs / renovations during postnatal period was a predominant finding in cluster D (early atopy with late onset of severe wheeze). Similarly, in the preschool age repairs and/or renovations were predominant in cluster C (post-natal bronchiolitis and persistent rhinitis). Even though we successfully captured an association between repairs/ renovations and atopy, however, further studies are needed to ascertain causality.

Strengths of the study

• Father inclusive cohort

One of the biggest strengths of our study is the inclusion of responses by both parents, ensuring the collection of extensive data. Interestingly, we noticed that mothers had responded well to child health related questions, while a higher paternal response rate was seen in questions relating to housing characteristics/factors. The differences in response rates by parents ensured a good response rate to most of the questions included in the multidisciplinary questionnaires.

• Extensive analysis of the exposures and factors in the postnatal period

Early life exposure is an important time period in asthma development, however, extensive and multifaceted analysis similar to the one undertaken in our cohort, is rare to find.

• Consideration of exposures at multiple time points within the same dwelling

The extensive data collected ensured the consideration of multiple exposures within the same dwelling, at different time points, which is rare to find.

• Consideration of 4 different phenotypes instead of current wheeze or asthma

Asthma is a complex entity composed of multiple syndromes and the current tides in pediatric asthma are shifting towards defining asthma through associated syndromes and factors [216]. Hence, we decided to analyze the association between housing characteristics and phenotypes. We found some interesting findings, for e.g. repairs and renovations were seen in phenotypes with atopic/allergic features; indicating that exploration using multiple symptoms can perhaps provide more information, compared to use of a single symptom.

• Inclusion of pre and perinatal maternal factorsa holistic picture Maternal factors (mental health, smoking and obesity) play an important role in the development of childhood asthma, however with the exception of smoking, the other factors are not commonly considered. Our rationale behind their inclusion was to provide a holistic picture of the various factors in the pre and perinatal period which could predispose towards a particular phenotype.

Limitations of the study • Population excluded

Unfortunately, a high percentage of the population was excluded from the analysis (51%), however the analytical sample was composed of people belonging to a high socioeconomic class living in a home, which is reflective of real life. Often, people are unable to afford a house or they prefer living in apartments due to ease of life such as security, easy cleaning and upkeep.

• Determination of Socioeconomic status using maternal education

The use of maternal education as a proxy for determining socioeconomic status has garnered conflicting results in many studies. However, we opted for its use since in high income countries, maternal education is a key predictor of earnings, wealth, resources [217] and economic security [218].

• Maternal responses to smoking

Maternal smoking in the pre-pregnancy and perinatal period was measured during face to face interviews and it is possible that smoking was underreported. Nevertheless, we found a significant association between smoking and 2 phenotypes. Moreover, self-reported smoking is highly correlated with cotinine measures among pregnant women

[219], suggesting limited underreporting.

Conclusion

In our study, there was no association seen between preschool asthma phenotypes and housing characteristics, indicating the widespread modernization of housing structures using better materials. The lack of associations is perhaps also suggestive of the variation in proximal exposures/causative factors associated with childhood asthma in children belonging to a high socioeconomic status, compared to children in middle to low socioeconomic status.

Nevertheless, the results of our study shed light on the multifaceted nature of childhood asthma and we encourage other studies to further explore some interesting associations e.g. lice treatment, repairs/renovations, seen in the current study. 
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Background

Sexual function is often affected in individuals living with chronic illness, and multiple comorbidities increase the likelihood of sexual dysfunction. The World Health Organization (WHO) has defined sexual health as a state of physical, mental and social well-being in relation to sexuality [1]. Good sexual health requires a positive and respectful approach to sexuality and sexual relationships, as well as the possibility of having pleasurable and safe sexual experiences, free of coercion, discrimination and violence. It also requires freedom from organic disorders and diseases that interfere with sexual and reproductive functions. However, chronic obstructive pulmonary disease (COPD) is progressive disorder characterized by airflow limitation that is not fully reversible, and is often accompanied by decreased quality of life (QoL) [2]. Sexual function is a QoL aspect that is markedly affected in subjects with COPD [3][4][5][6][7] as the accompanying respiratory or physical symptoms, such as dyspnea, weakness,

Open Access

*Correspondence: maeva.zysman@chu-bordeaux.fr † M. Zysman and J. Rubenstein equally contributed to this work 1 Univ-Bordeaux, Centre de Recherche Cardio-Thoracique de Bordeaux, U1045, CIC 1401, 33604 Pessac, France Full list of author information is available at the end of the article fatigue and reduced physical activity have an adverse effect on sexual activity [8][9][10]. Despite these detrimental consequences, the effect of COPD on sexual satisfaction is underappreciated in clinical practice, partly because patients often feel uncomfortable talking about their sexuality with healthcare providers [3,4,7,11] but also because healthcare providers are reluctant to address these issues.

The primary aim of this study was to evaluate the disease's impact on patients' sexuality among subjects living with COPD and the explanatory variables of sexual dissatisfaction.

Methods

Questionnaire

Online survey was assessed from March to May 2019 through the association Santé Respiratoire France (https ://sante -respi ratoi re.com). Four pulmonologists, one sexologist, one expert patient and one psychiatrist developed the questionnaire. The following data were collected at inclusion: demographic characteristics (age, gender, marital or relationship status, occupation, living area: urban, suburban, rural), smoking history, breathlessness and exacerbations etc.).

A detailed description of the questionnaires is available in Additional file 1.

Arizona sexual experience scale (ASEX)

Sexual experience was assessed using the 4-item Arizona Sexual Experience Scale (ASEX-French version), owing to its reliability, validity and easy administration [12]. It allows for the assessment of four major global aspects of sexual dysfunction: sexual appetite/ drive, sexual desire/ arousal, penile erection/vaginal lubrication and satisfaction from orgasm. Higher scores indicate poor sexual function [12].

VQ11

Quality of life was evaluated by VQ11 which is intended to assess diverse components of quality of life (functional: 3 items, psychological: 4 items, social: 4 items), through 11 questions, with a rating from 1 to 5, with higher scores indicating decreased quality of life [13,14].

Hospitalized anxiety and depression (HAD)

HAD scale allows for the detection of depression and/ or anxiety through 14 items rated from 0 to 3, based on symptom frequency (higher frequency equating to higher scores). A score of 11 or more indicates probable presence of an altered mood [15].

Fatigue severity scale (FSS)

The FSS is a questionnaire with nine questions estimating the fatigue severity in different situations during the past week. Grading ranges from 1 (strong disagreement) to 7 (strong agreement) where the final score is the mean value of the nine items, and a score ≥ 4 is interpreted as fatigue [16]. FSS scale has been validated in COPD [17,18].

Once the questionnaire was completed and tested, it was then emailed to every member of BPCO association. Followed by completion of the survey data by anonymous volunteers, to respect the clause: "strengthening the reporting of observational studies in epidemiology" (STROBE) statement [19]. COPD was validated by a spirometry and by a physician-diagnosis.

Mapping psychological profiles

We carried out a typological analysis to split the studied population into distinct homogeneous groups depending on their responses to the various questionnaires. We conducted latent class and profile analyses of CODP burden and respiratory assistance (dyspnea, fatigue) and psychological symptoms (depression and anxiety) to identify distinct classes (subgroups) of symptom profiles [20]. Patients were assigned a probability of being in each of the identified classes with the goal of creating a model that uniquely assigned a subject to a given class (e.g. Pr(ClassA) = 1.0; Pr(ClassB) = 0.0), or at minimum, provided a distinctively high probability to a given class versus all others (e.g. 0.95 versus 0.05). Model fit was evaluated using information criteria fit indices (Bayesian Information Criterion, BIC and Akaike's Information Criterion, AIC); and low values indicate model parsimony [21]. We also used other criteria to identify a meaningful fit of model and data, and these included class interpretability (the extent to which additional classes provided unique information), class prevalence (preferring classes with at least 2% of the sample for improved replicability), and entropy (a measure of classification based on posterior probability values, with higher values representing better classification). We used analysis of variance and Chi-Square statistical analysis, which provides analysis of dependencies between data, establishing a hierarchical relationship, and displaying them in a two-dimensional graphical form. The two main factorial axes identified were the psychological state (ranging from good mental health to worsened mental health) and the need for respiratory assistance (starting from no assistance to respiratory assistance such as oxygen or non-invasive ventilation).

Statistical analysis

The calculation of the sample was based on the sampling strategy without experimental treatment. The sample size was calculated using the following formula: minimal sample size to obtain significant results for an event and a fixed level of risk: n = 100 X t 2 × p × (1-p) / m 2 n, with t: Confidence level, the standard value for the 95% confidence level will be 1.96, p: estimated proportion of the population with the characteristic of interest, m: Margin of error (usually set at 5%). Previous studies indicate that sexual dissatisfaction affects between 67.7% and 81% of COPD patients. Thus, for an event with a 60% probability of occurrence, and taking a 95% confidence level and a 5% margin of error, the sample size should be: n = 100 × 1.96 2 × 0.4 × 0.6 / 0.05 2 = 368.79. We should have at least 369 subjects and we included more than 700. Qualitative variables were described in numbers and percentages. Quantitative variables were described by mean and standard deviation or median and interquartile range. Missing data are reported in the tables. Differences in clinical characteristics were assessed using chi-square tests or Fisher's exact tests, as appropriate, for discrete variables, and Wilcoxon or Kruskal-Wallis tests for quantitative variables. Relationships between different variables were examined with the Pearson correlation test. A value of p ≤ 0.05 was considered statistically significant.

The analysis of the results was carried out with Graph Pad Prism ® statistical software.

Results

Responders

Seven hundred and fifty one patients responded to the survey. Participants were predominantly women (51% of patients) with a mean age of 61 years old and 62% of them lived as a couple. The majority of the participants were retired (70%). Every COPD grade was represented and one third of responders received oxygen. Only a quarter of the responders lived in an urban setting. Clinical characteristics are reported in Table 1.

Sexual activities

Forty percent had no sexual activity among which, 19% lived as a couple. From the remaining 60%, 74% had to change their rhythm, 64% their frequency and 64% their position. Two thirds of the participants were dissatisfied with their current and expected sexual function and 13% declared that they used specific medications to improve their sexual performance. Forty three percent used routinely (17%) or occasionally (26%) a short-acting bronchodilator before sexual activity. Expressed reasons of sexual dissatisfaction were breathlessness, fatigue and physical problems. Men were more often dissatisfied with their current and expected sexual function (66% of men vs 53% of women, p = 0.0002), however it did not translate into more medication, especially bronchodilators (which respectively concerned 28% of men and 22% of women). Besides, the level of sexual dissatisfaction (assessed by the following evaluation: "improved, stable, worsened") was unrelated to age (p = 0.391) or gender (p = 0.92, Table 2). ASEX score revealed an altered sexual appetite: low for 49% of the subjects and absent for 19%. Sexual desire was compromised in 44% of the subjects and 16% lost all desire. However, the deterioration of sexual appetite or sexual desire, assessed with ASEX questionnaire, is not linked to airflow obstruction (Fig. 1f,g). Subjects with COPD had to make adaptations to compensate for their diminishing activity tolerance, increasing dyspnea, role and sexual self-image, anxiety, and increased need for communication. Self-reported libido loss and reduced sexual performance worsened over time for 67% of the responders.

Quality of life and depression and anxiety

Based on the cut-off of 22 for VQ11 score, quality of life was altered among responders with a mean score of 34.8. The increase in airflow obstruction severity was inversely proportional to the quality of life, as assessed with VQ11 augmentation (Fig. 1a). Impaired quality of life (defined as VQ11 ≥ 22) is significantly more frequent among responders with a higher airflow obstruction (Fig. 1b). Specific underscores, including psychological, functional and relational components of quality of life, indicate that every aspect of life is impaired and an increasing with airflow obstruction further impairs the quality of life (Fig. 1c-e).

Mental disorders such as anxiety and depression were associated with COPD severity in the responders. A mean score of 4.6 on the FSS scale translates into a depressive tendency in patients and FSS mean score increases with airflow obstruction severity, as shown in Fig. 2a. Similarly, HAD scale found high proportions of patients with suspected anxiety or depression with a mean score of 10 and 8 for HAD-A and HAD-D respectively. HAD mean score for depression underscore increased with airflow severity (Fig. 2c) but the same was not reflected in HAD mean score for anxiety (Fig. 2b). However, both HAD scores for anxiety and depression increased when responders had at least two episodes of bronchitis in the previous year (Fig. 2d,e).

Mental disorders are also associated with sexual dissatisfaction. Higher depression as assessed by HAD underscore for depression was strongly indicative of decreased sexual appetite and to a lesser extent anxiety as assessed with HAD underscore for anxiety (Fig. 2f,g). Inversely, a higher impairment of sexual desire caused an increase in depression and anxiety (Fig. 2h,i).

Sexuality remains taboo

Discussion of sexual issues remains a cultural taboo. Ninety percent of the responders declared that sexual dysfunction had never been discussed by doctors (general practitioners or pulmonologists) and only 6% had a specialized consultation whereas 36% of them declared that they would have liked a specialized consultation with a sexologist. Twenty one percent would be willing for an online consultation.

Psychological profiles

We carried out typological analyses to split the population studied into distinct homogeneous groups depending on their responses to the different questionnaires. This allowed us to combine the individuals into distinct homogeneous groups. We were able to isolate five behavioral profiles: Group A Preoccupied (22%), Group B Discouraged (19%), Group C Resigned (23%), Group D Naive (12%) and Group E Familiarized (24%). The map in Fig. 3 provides a pictorial representation of these 5 profiles.

The patients in group A were predominantly female, active, less than 60 years old, with recently diagnosed and non-severe COPD. These patients had a moderate physical impact of COPD, suffering from symptoms of depression and anxiety.

The patients in group B were also predominantly female, but polymorbid, suffering from severe COPD requiring respiratory assistance. They can no longer, or with difficulty, maintain a sexual life, and have important psychological symptoms leading to social isolation. The physical impact of COPD, but above all psychological The patients in group C were older than 70, with a long history of severe COPD, requiring daily ventilation. The degradation of their emotional and sexual life could be attributed to inactivity, breathlessness and substantial fatigue. They suffered mainly from physical symptoms, which explain their position at the top of the graph. However, they displayed only minor psychological symptoms.

The patients in group D were young and active, with recently diagnosed, non-severe COPD not requiring any respiratory assistance. Their sexual life was unaffected and for the disease did not require any life modification. Their social and emotional lives were normal. This group is situated at the lower left quadrant of the graph, displaying low limitations on the two axes.

Finally, the patients in group E were elderly, suffered from a longstanding moderate COPD. They remained active despite breathlessness. They were not worried or anxious, and tried to adapt according to their respiratory capacity. These were patients with physical symptoms largely, albeit of a moderate nature.

Discussion

Till date, our study is the largest one to focus exclusively on sexual health in COPD patients. As reported previously, more than two thirds of patients with COPD had sexual dissatisfaction [11]. In a Taiwanese cohort study of 57,928 participants, patients with COPD had 1.88fold more sexual problems than patients without COPD [22]. Most of the previous studies have focused on male impotence, and only two studies included women with COPD [8][9][10], however our study indicates a dissatisfaction related to sexual activity within both genders. These findings suggest that active care and attention should be directed to the sexual function and sexual satisfaction of COPD female patients as well as male patients. We also found that sexual activity of COPD patients in our cohort was related to the same factors that are of importance in a healthy population, namely: gender, partner status (single or in couple) and age [4,10,23,24].

Sexual dysfunctions are highly prevalent in both sexes, ranging from 10 to 52% of men and 25% to 63% of women [25,26]. Sexual dysfunction is usually strongly related to age and health status [27]. Several studies have examined the impact of chronic diseases on sexual dysfunction and erectile dysfunction has been described as a "sentinel symptom" of several chronic diseases (hypertension, diabetes, ischemic heart disease) [3]. For example, hypertension significantly increases sexual dysfunction (odds ratio = 2.789, p = 0.002) compared with the normotensive group [28]. However the effect of intensive blood pressure lowering is moderate (p for interaction = 0.0016, [29]). Diabetes is also one of the most frequent organic causes of sexual dysfunction affecting around 20 to 36% of subjects [30]. COPD and cardiovascular or metabolic diseases also seem to affect sexual function. This could be owing to the shared common pathways between the mechanisms underlying sexual dysfunction and the mentioned. Considering biological mechanisms; high levels of inflammatory markers such as TNFα have been described in both COPD and sexual dysfunction [6], and chronic hypoxia, systemic/endothelial inflammation, hormonal imbalances (hypogonadism or lower testosterone levels) have also been considered to be possible contributing factors [31].

Moreover, the link between sexual dysfunction and COPD may be the consequence of a decreased physical activity in patients leading to deconditioning. Experience of sexual dysfunction is more likely among women and men with poor physical health [24]. In agreement with this hypothesis we found that airflow obstruction severity is associated with sexual disability, although we did not perform exercise test among participants to clearly establish a link between physical inactivity and sexual dysfunction.

Nevertheless, respiratory or physical symptoms, such as dyspnea, cough, weakness, and reduced physical activity or fear of breathing difficulty, were reported to affect sexual activity, lowering the QoL of responders and COPD patients in general. For many patients, the libido loss triggers a sense of shame, which can reduce their self-esteem and cause depression. This study also confirms that individuals with COPD are at higher risk for developing depression [32] and subsequent worsening of sexual dysfunction.

Although doctors are reluctant to address the topic of sexuality in practice, our data suggest that patients want their doctors to address these concerns and provide resources to them. Despite the high incidence of sexual dissatisfaction among COPD patients, only 6% had talked about sexuality with a specialist. However, many clinicians may lack some of the basic skills needed to confidently address these concerns [33]. Additionally, doctors should be proactive in initiating conversations on sexual issues to fill this gap. In practice, evaluation of quality of life in patients with COPD is currently being taking into account; however doctors and generally healthcare professionals need to integrate sexual well-being as an important component of quality of life.

This study has some limitations. The questionnaire results are, by definition, declarative, which may be a source of bias. Nevertheless, in order to alleviate this limitation we compared responders' clinical characteristics to those in large international COPD cohort, such as ECLIPSE. Airflow obstruction assessed by FEV1 is similar in our population as compared to ECLIPSE cohort; GOLD stages 2, 3 and 4 affected 30, 37 and 23% in our population and 44, 42 and 14% in ECLIPSE [34].

Similarly, exacerbation rates in the previous year were also similar with 1.21 in ECLIPSE [35] as compared to 1.95 in our population. The same repartition of airflow obstruction stages was observed with French COPD cohort initiative BPCO or PALOMB [36,37] assuring a better reproducibility of our data. Another limitation is the lack of objective parameters to measure COPD severity such as centralized spirometry. Responders include patients coming from both urban and rural and a wide range of-occupational categories but unfortunately we did not collect data about their level of education. We also have no data about history of sexual dysfunction, hence unable to ascertain whether sexuality difficulties occurred prior to or after COPD diagnosis. Co-morbidities frequently associated with COPD [32], can also be involved in sexual dysfunction such as hypertension, chronic cardiovascular disease diabetes and obesity or sedentary lifestyle [38] were also not recorded. It is therefore difficult to determine the attributable share of COPD in sexual dysfunction. Future studies should examine changes in patient's sexual disability over time according to COPD progression.

Conclusions

Sexual dysfunction is frequent among COPD patients and often neglected. Healthcare workers should strive to discuss sexual problems with patients suffering from COPD and offer sexual guidance as a means to improve quality of sexual life. Particular attention should be paid to women sexual dissatisfaction which is often under-estimated.
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 1 Figure 1. Redundancy analysis (RDA) plot showing target microorganisms and spatio-temporal (X and Y coordinates and months of samplings) distribution. Microorganisms are in black, coordinate variables in blue, and months in purple. Solid arrows indicate quantitative variables (X: longitude and Y: latitude). Months of samplings are qualitative variables and are represented without arrows.
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 2 Figure 2. Spatial patterns for log-transformed copy number of qPCR targets for nine microorganisms exhibiting significant spatial variability. As Dermatophagoïdes spp. and D. pteronyssinus targets showed the same distributions, only one of the two is represented. Solid lines represent smoother contours (smoothing component f(Xi,Yi), with X: longitude and Y: latitude) and the dotted lines are 95% confidence bands. Arrows indicate the direction of the abundance gradient from lower to higher abundances.
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  Positive relations are indicated by "+" and negative by "-". Empty cells mean that the variable was removed from the model (ordiR2step function). * Annual temperature range measures the difference between the average temperature in July and January. **Autumn precipitations: September + October.
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 3 Figure 3. Partial redundancy analysis (pRDA) triplot showing target microorganisms and model selected climate and landscape variables. Microorganisms are in black, temperature variables in orange, precipitations variables in blue, and land cover in green.
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 7 846 US dollars/ year[113][114][115][116][117]. A recent French study assessed the differences in costs incurred by the French National Health Insurance for severe asthmatics versus non severe asthmatic children. The study was conducted over a period of 6 months and found that the global cost (direct and indirect) of severe asthma / child was €3,982; 10 times higher than costs associated with non-severe asthma €363 (p<0.01)[118].

  indicates a model's ability to rule out disease Comparison of these measures aid in evaluating the predictive ability of the model in a population different from that used in the development study. Some of the previously developed models did not report any information on model fit, discrimination and calibration for e.g. the Asthma Prediction Index (API) or modified API. The lack of reporting of these measures is often a limiting factor, as comparisons are unlikely to be made [134]  Inclusion of socioeconomic and/or environmental factors Socioeconomic factors and environmental exposures are pertinent risk factors in childhood asthma; however their inclusion in a predictive model often hampers its generalizability. For e.g. a diagnostic model for childhood asthma, developed in a Puerto Rican population, listed an unhealthy diet and gun violence as predictors, however the data for these 2 factors was missing in the Swedish external validation study [137]. Parental education is often used as a proxy measure of socioeconomic status; however several discrepancies in educational levels can be seen across countries. Similarly, environmental factors cannot be accurately assessed in a clinical setting or through parental reporting [134,137].  Inclusion of clinical tests as predictors Models which require clinical tests for e.g. skin prick tests, biomarkers of volatile organic compounds in exhaled breath condensate and blood tests are unlikely to be applied outside a research setting or in a primary care center. Hence, the clinical usage of models requiring invasive tests is often limited [134,137].
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 1 Figure 1: Flow of participants in the study for the determination of the analytical sample. The
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 2 Figure 2 :

Figure 1 :

 1 Figure 1: Flow of participants in the study for the determination of the analytical sample. The proportion of children labelled as asthmatic and non-asthmatic is based on the responses to the defined primary outcome at age 5.
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 21 Figure 2 A : Receiver Operating Curve (ROC) showing the area under the curve (AUC) for the tool in ELFE cohort at 95% Confidence intervaI. AUC=0.68, (95% CI = 0.66-0.70). B: Calibration plot showing the frequency of predicted asthma versus frequency of observed asthma in ELFE cohort. Children were grouped into 7 equal sized deciles of their predicted probability. The observed frequency of asthma at age 5 was then plotted against the estimated probability of developing asthma among children within each decile. Loess smoothing technique was applied to the data as a visual aid. The proximity of the 7 deciles to the reference line indicates good calibration of the LRC tool in ELFE cohort.

  eFigure2 A -C: Correlation matrix, Variance inflation factor and Tolerance and Collinearity diagnostics of 9 predictors used for scoring at age 1.eFigure3: Probability of developing asthma at age 5 according to scoring at age 1. Reference line at 0.2 is indicative of the observed frequency of asthma in ELFE cohort at age 5 (20%).A directly proportional relationship between asthma at age 5 and higher scores at age 1 is seen in the figure. Red dots (estprob_new) indicate the estimated probabilities. Green line (estprob_new) connects the dots for easy readability of the graph. eFigure4: Hosmer and Lemeshow goodness of fit test. Note: p values >0.05 are indicative of a well calibrated model as it means that there are no differences between observed and expected groups.
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  intermediate onset wheeze had atopy and poor lung function [155,163]. However, the persistent troublesome wheeze phenotype in Manchester Asthma and Allergy study (MAAS) was associated with impaired lung function, frequent exacerbations and allergen sensitization to inhalants [154].

  outlining personalized treatment plans, as shown by the results of the study using data from 5 clinical trials (3 CARE Network clinical trials and 2 Asthma Net clinical trials). Fitzpatrick AM et al. determined 4 classes of recurrent preschool wheeze : Minimal sensitization (latent class 1-no aeroallergen and food sensitization), sensitization with indoor pet exposure (latent class 2-sensitization to indoor allergens and at least one aeroallergen, elevated levels of blood eosinophils and serum IgE ), sensitization with tobacco smoke exposure (latent class 3 -sensitization to indoor allergens and modest elevations in blood eosinophils and serum IgE) and multiple sensitizations with eczema (latent class 4-highest levels of blood eosinophils and serum IgE, along with sensitization to indoor and outdoor allergens, molds and multiple foods). The potential impact of the daily use of Inhaled Corticosteroid (ICS-first line therapy in asthma) on the 4 classes was explored. Daily ICS treatment was associated with reduced frequency of exacerbations in latent class 2 and 4 [165]. Similar findings were reported by the Individualized Therapy for Asthma in Toddlers (INFANT) study; children with aeroallergen sensitization and high blood eosinophils had fewer exacerbations with daily use of ICS [166].

Figure 9 :

 9 Figure 9: Prevalence of wheezing in the ELFE cohort from 2 months to age 5.

  with DP were more likely to suffer from respiratory infections [167]. They further explored the trajectories of dry night cough in children from 18 months till age 4 and found 3 patterns; of which persistent/late dry night cough was indicative of allergy in preschool children [168].

Figure 10 :

 10 Figure 10: Cough trajectories in the ELFE cohort from the postnatal period to preschool age. Note: Red: Persistent cough, Green: Transient cough and Blue: No cough.

  longitudinal data. It identifies clusters of children with similar evolution of their symptoms across 3 time points. Five different indexes are used to indicate the optimal number of clusters: The Calinski and Harabatz index (version 1, 2 and 3), the Ray and Turi index, and the Davies and Bouldin index [186].

Figure 11 :

 11 Figure 11: Choice of clusters in 2019.

Figure 12 :

 12 Figure 12: Description of the clusters using respiratory and allergic symptoms and clinical characteristics from birth till age 5 (p<0.05) (2019 cluster analysis).The 3 presenting phenotypes common to both sets of clusters were: Non distinct symptoms cluster, Early onset bronchiolitis cluster and early eczema, persistent dry night cough and atopy incident at age 5 cluster. Interestingly, an additional cluster of Eczema at age 1 and persistent till age 5 (sub set of Cluster A in 3 clusters) was revealed as the 4th cluster.

Figure 13 :

 13 Figure 13: Optimal number of clusters indicated by the 5 indices.

Figure 14 :

 14 Figure 14: Description of Cluster A

Figure 15 :

 15 Figure 15: Description of Cluster C

Figure 16 : 4 .

 164 Figure 16: Description of Cluster B

Figure 17 :

 17 Figure 17: Description of Cluster D

1 . 2 . 3 .

 123 symptoms and clinical profiles (p<0.05) in each cluster resulted in the ascertainment of 4 distinct phenotypes; briefly explained below: Mildly symptomatic phenotype (70%) (Cluster A, n=6663): This predominantly female cluster remained mildly symptomatic and showed no multimorbidity throughout the time period analysed. Comparatively, this cluster had the highest percentage of multiple vaccinations recorded at age 2. Post natal bronchiolitis with persistent rhinitis phenotype (10.2%) (Cluster C, n=973): This phenotype was characterised by post natal (2 months) respiratory symptoms, medical consultations and hospitalisations; with rhinitis persisting till infancy. Symptomatic children were regularly followed by a pediatrician. Severe early asthma phenotype (16.9%) (Cluster B, n=1609): Severe wheezing requiring hospitalization and medication at age 1 characterized this phenotype.
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 231 Figure 2:Panel on the left: Criteria applied to choose the optimal number of clusters included: the first Calinski and Harabatz index, the second version of Calinski and Harabatz index, the third version of Calinski and Harabatz index, the Ray and Turi index, and the Davies and Bouldin index. These criteria are normalized to be mapped together using the KmL package in R. Scores range from 0 to 1 for each tested number of clusters ranging from 2 to 6. The highest score corresponds to the most appropriate number of clusters and in our study the optimal number of clusters determined was 4 (A, B, C, D) The appropriate number of clusters is represented by a black dot (4-green line) in the figure.Panel on the right: Each cluster was composed of children with similar symptom trajectories from ages of 2 months to 5 years. The trajectory of clusters according to each symptom is seen in the figure with the X axis indicating the 3 time points. While, the Y axis indicates presence (1.0) and (1.8-2.0) absence of symptoms for 6 symptoms (eczema, cough, allergy, rhinitis, wheeze and dyspnoea) and for sleep disturbance 0.0=none, 1.0=at least 1 night / week and 2.0=multiple nights / week.

Figure 2 :

 2 Figure 2: Panel on the left: Criteria applied to choose the optimal number of clusters included: the first Calinski and Harabatz index, the second version of Calinski and Harabatz index, the third version of Calinski and Harabatz index, the Ray and Turi index, and the Davies and Bouldin index. These criteria are normalized to be mapped together using the KmL package in R. Scores range from 0 to 1 for each tested number of clusters ranging from 2 to 6. The highest score corresponds to the most appropriate number of clusters and in our study the optimal number of clusters determined was 4 (A, B, C, D) The appropriate number of clusters is represented by a black dot (4-green line) in the figure. Panel on the right: Each cluster was composed of children with similar symptom trajectories from ages of 2 months to 5 years. The trajectory of clusters according to each symptom is seen in the figure with the X axis

CHAPTER 5 Housing5

 5 profiles of the asthma phenotypes: additional analysis (results not included in the manuscript) Introduction to chapter 5: housing profilesOne of the factors that has been implicated in the development of childhood asthma is the vulnerability of the developing respiratory system to environmental factors. The role of the environment was highlighted when the increasing prevalence of childhood asthma could not be explained by genetic factors alone. Outdoor air pollution gained substantial traction, and the role of various environmental pollutants in asthma development were analyzed. A recent meta-analysis established statistically significant associations between the development of childhood asthma and longterm exposure to the following environmental pollutants: nitrogen dioxide (NO2 ), particulate matter ≤2.5 µm in diameter (PM2.5), particulate matter ≤10 µm in diameter (PM10) and black carbon (BC)[189].

  and perinatal exposures/ factors): pre and perinatal mental health and use of medications, smoking (active and passive), pre-pregnancy BMI and gestational weight gain.b.2 months (postnatal period -early life exposures): housing characteristics including materials used for floor and wall coverings, repairs and renovations at home, use of various pesticides and pet ownership.

  treatment in preschool period): treatment with ICS or bronchodilators d. 3 years (symptom and clinical profile in preschool period): respiratory and allergic symptoms, use of medications and pet ownership.

  in preschool age): renovations and repairs at home, source of heating, use of various pesticides and lice treatment.

  Construction of variables as done in previous studies • Area of residence : < 40 m2 , 40-70 m2 , 70-100 m2 , > 100 m2 and No. of rooms : <3, >3 [194]. • Categories for Pre-pregnancy BMI and gestational weight gain [212].

Fig. 1 Fig. 2

 12 Fig. 1 Quality of life, assessed by VQ11 and sexual satisfaction, assessed by ASEX score according to airflow obstruction, assessed by FEV1. a VQ11 total score according to airflow obstruction, assessed by FEV1. b airflow obstruction according to VQ11 threshold (at 22 points). c VQ11 psychological underscore according to airflow obstruction, assessed by FEV1. d VQ11 relational underscore according to airflow obstruction, assessed by FEV1. e VQ11 functional underscore according to airflow obstruction, assessed by FEV1. f Sexual appetite (ASEX) according to airflow obstruction, assessed by FEV1. g Sexual desire (ASEX) according to airflow obstruction, assessed by FEV1

Fig. 3

 3 Fig. 3 Mapping of individuals gave a representation of their psychological profile

  

  

  

  

  

  

  For climate data several constructed variables as described by Joly et al. for e.g. annual average temperature, number of days with a temperature below -5 o C and above 30 o C, number of precipitation days in January and June etc. were used. (https://journals.openedition.org/cybergeo/23155), and Corine Land Cover data (European database of biophysical land use ) was used to define different cover types for e.g. urban fabric , industrial, forests, inland waters etc. The spatial distributions of dwelling qPCR targets were described using the spatial coordinates of each French department centroids (according to the 1984 World Geodetic System).Certain patterns of microbial distributions across France were exhibited. For 5 microorganisms (Dermatophagoïdes pteronyssinus, Dermatophagoïdes spp., Streptomyces spp.,Cladosporium sphaerospermum, Epicoccum nigrum) an increasing abundance was seen from the northeast to the southwest of France. Mycobacteria and A. fumigatus displayed an east to west and a south to north profile respectively. South to northeast showed a dominance of Penicillium chrysogenum distribution, while an increasing gradient from northwest to southeast was seen for Cryptococcus spp. and Alternaria alternata. The remaining 7

The 17 targets selected were: 9 molds (Alternaria alternata, Aspergillus fumigatus, Aspergillus versicolor, Cladosporium sphaerospermum, Penicillium chrysogenum, Stachybotryschartarum, Trichoderma viride, Chaetomium globosum, Epicoccum nigrum), 3 bacteria groups (Enterobacteria,Mycobacteria, and Streptomyces spp.), 4 dust mites (Dermatophagoides spp. (house dust mites, HDM),D. pteronyssinus (HDM), D. farinae (HDM), Acarus siro (storage mites, SM), and one yeast (Cryptococcusspp.).

Table 3

 3 Descriptive results at age 5 in the ELFE cohort.

	Variables at age 5, N=11,350	Yes n(%)	No n(%)
	General descriptive		
	Twin births	159 (1.4%)	11,191 (98.6%)
	Sex		
	Male	5784 (51%)	-
	Female	5565 (49%)	-
	Respiratory health		
	Wheeze ever	3453 (30.4%)	7872 (69.4%)
	Wheezing in the past 12 months	1348 (11.9%)	9973 (87.9%)
	Wheezing attacks in the past 12 months		
	0-3	1046 (9.2%)	
	4-12	248 (2.2%)	
	>12	50 (0.4%)	
	No wheezing or no attacks	9973 (87.9%)	
	Speech limitation due to wheezing	129 (1.1%)	11,189 (98.6%)
	Wheezing associated with effort (dyspnea)*	295 (2.6%)	11,016 (97.1%)
	Sleep disturbance due to wheezing*		
	1 night / week	359 (3.2%)	
	Multiple nights / week	162 (1.4%)	
	No disturbance or no wheezing	10794 (95.1%)	
	Dry night cough in the absence of respiratory illness*	3337 (29.4%)	7964 (70.2%)
	Asthma ever	1759 (15.5%)	9559 (84.2%)
	Indicators of atopy		
	Eczema ever	3172 (28%)	8155 (71.9%)
	Hay fever ever	1379 (12.2%)	9878 (87%)
	Food allergy*	332 (2.9%)	10944 (96.4%)

provides details of responses to respiratory health questions at age 5 as well as pertinent risk/ protective factors.

Tableau 3:

MEDICAL HISTORY* Regular consultation with a specialist

  

	Dermatologist		251 (2.2%)	11080 (97.6%)
	Allergic specialist	276 (2.4%)	11055 (97.4%)
	Pulmonologist	222 (2%)	11109 (97.9%)
	Hospitalization history	1565 (13.8%)	9753 (85.9%)
	Emergency consultation	3090 (27.2%)	8217 (72.4%)
	Indoor environment	
	Pets		1525 (13.4%)	1513 (13.3%)
	Type of house		
	House		8191 (72.2%)
	Apartment		3003 (26.5%)
	Other		27 (0.2%)
	Note: * in the past 12 months	
	VII.	CASE-CONTROL SELECTION (2019)	
	Electrostatic Dust collectors (EDC) had been provided to the participants annually for home installation since the start of the
	study (2011), which allowed us to capture the microbial profile of each participant. We defined our source population as all the
	children who had returned a viable EDC at birth and age 5. Case control ascertainment criterions (displayed below) were
	defined as per the team discussions.	
	Pediatrician		3649 (32.2%)	7682 (67.7%)

STEP1: Defining the source population STEP 2: Application of the 1 st criteria on the source population for cases

  

	Descriptive analysis of the variables of the first criteria revealed that wheezing in the past 12 months is a subset of wheeze ever
	and captured all the information adequately hence the first two criteria were combined to include 3 variables as displayed
	below:
	Population given EDC at birth (enrollment in 2011) = 3,217
	These EDC were analyzed by qPCR for 19 targets
	Population given EDC at age 5 = 1,917
	Population with a viable EDC at birth and 5 years = 1,753
	Source population = 1,753
	29

Variables Positive response Frequency of children with EDC at birth and at year 5 (%) N=1,753 Positive response Frequency at year 5 (%) N=11,350

  

	Wheezing in the past 12 months	221 (12.6%)	1348 (11.8%)
	Inhaled medications to improve	506 (28.9%)	4041 (35.60%)
	breathing (treatment)*		
	Asthma ever	268 (15.3%)	1759 (15.50%)
	Note: *The question of asthma treatment was not asked at age 5, hence the question of using inhaled medication to improve
	breathing at age 1 was used as a proxy.		

STEP 3: Application of the 1 st criteria on the source population for controls Variables Negative response Frequency of children with EDC at birth and at year 5 (%) N=1,753 Negative response Frequency at year 5 (%) N=11,350

  

	Source population = 1,753	
	Wheezing in the past 12	328 (18.7%)	9973 (87.9%)
	months		
	Inhaled medications to improve	941 (53.7%)	7492 (66%)
	breathing (treatment)*		
	Asthma ever	1434 (81.8%)	9559 (84.2%)
	Note: *The question of asthma treatment was not asked at age 5, hence the question of using inhaled medication to improve
	breathing at age 1 was used as a proxy.		

STEP 4: Application of the criteria on the source population (N=1,753) for cases and controls with aim to acquire 60 cases and 60 controls.

  

Cases Wheezing in the past 12 months+ Treatment of asthma ever+ Diagnosis of asthma N=67 Controls No wheezing in the past 12 months+ No treatment of asthma ever+ No diagnosis of asthma N=94 67 CASES (Equal representation of all regions) Boys :42 (33.1%) Girls :25 (19.7%) 60 CONTROLS (Equal representation of all regions) Boys : 31 (24.4%) Girls : 29 (22.8%)

  

	Source
	population
	N=1,753

Table 1 .

 1 Cont. 

		primer	CGGCGGGGAGCCCT
		Reverse primer	CCATTGTTGAAAGTTTTGAcTGATCTTA
		Probe	AGACTGCATCACTCTCAGGCATGAAGTTCAG
		Forward primer	ACCGGCTGGGTCTTTCG
	Cladosporium sphaerospermum designed by EPA [41]	Reverse primer	GGGGTTGTTTTACGGCGTG
		Probe	CCCGCGGCACCCTTTAGCGA
		Forward primer	TTGTAGACTTCGGTCTGCTACCTCTT
	Epicoccum nigrum designed by EPA [41] #	Reverse primer	TGCAACTGCAAAGGGTTTGAAT
		Probe	CATGTCTTTTGAGTACCTTCGTTTCCTCGGC
		Forward primer	TGCCTGTCCGAGCGTCATT
	Penicillium chrysogenum Modified from EPA [40]	Reverse primer	CCCCCGGGATCGGAG
		Probe	CCAACACACAAGCCGTGCTTGAGG
		Forward primer	TCCCAAACCCTTATGTGAACC
	Stachybotrys chartarum designed by EPA [41]	Reverse primer	GTTTGCCACTCAGAGAATACTGAAA
		Probe	CTGCGCCCGGATCCAGGC
		Forward primer	CCCAAACCCAATGTGAACCA
	Trichoderma viride designed by EPA [41] #	Reverse primer	TCCGCGAGGGGACTACAG
		Probe	CCAAACTGTTGCCTCGGCGGG
		Forward primer	CCGCAGGCCCTGAAAAG
	Chaetomium globosum designed by EPA [41] #	Reverse primer	CGCGGCGCGACCA
		Probe	AGATGTATGCTACTACGCTCGGTGCGACAG

and Designers [Reference] (5'-3') Sequences

  

			Forward primer	CCTGCGGAAGGATCATTAATG
	Yeasts	Cryptococcus spp. designed for this study #	Reverse primer	GCACAGGTGTTATGGATATGATGTG
			Probe	TTGACCGTCTGTCGAGCTTGCTCACA
			Forward primer	CGCAAACTGTGGTGCGAGTA
		Acarus siro Designed by our team [34] #	Reverse primer	GCTCCTTGGTCCGTGTTTCA
			Probe	TCGGTCTCCACCCGACCCGTC
			Forward primer	TGTTGTGGTTAAAAAGCTCGTAGTTG
		Dermatophagoïdes spp. Designed by our team [34]	Reverse primer	ATGCGATAATCTGCTCAGTATGACA
	Mites		Probe	CAGCTCATGTATGGCGGTCCACCTG
			Forward primer	CACACATTCAACCAGAGTGGTACTT
		Dermatophagoïdes farinea Designed by our team [34] #	Reverse primer	GGCTAACACTCCCCCTAGTTTAGA
			Probe	CGCTTACGCGATCCTACGAGCCATT
			Forward primer	CATCCAACCAGAGTGGTATTTCC
		Dermatophagoïdes pteronyssinus Designed by our team [34] #	Reverse primer	GCTATTGCGCATACTCCACCTA
			Probe	TATGCAATCCTTCGGGCTATCCCATCA
			Forward primer	GGCGGCAGGCCTAAC
		Enterobacteriaceae designed by Sen and Asher [42]	Reverse primer	CAGGCAGTTTCCCAGACATTACT
			Probe	AGCAAGCTCTCTGTGCTACCGCTCGA
			Forward primer	GATGCAACGCGAAGAACCTT
	Bacteria	Mycobacteria designed by Torvinen et al. [43]	Reverse primer	TGCACCACCTGCACACAGG
			Probe	CCTGGGTTTGACATGCACAGGACG
		Streptomyces spp.	Forward primer	GCCGATTGTGGTGAAGTGGA
		designed by Rintala and Nevalainen	Reverse primer	GTACGGGCCGCCATGAAA
		[44]	Probe	ATCCTATGCTGTCGAGAAAAGCCTCTAGCG
	EPA: Environmental Protection Agency. The seven additional qPCR targets to the 10 used in the first study published
	in 2015 [33] are notified by "#".		

Table 2 .

 2 Positivity and quantification of each target by qPCR in the 3143 electrostatic dust collectors (EDC) analyzed.

qPCR Targets Number of Positive EDCs Median Value (copy/µL) Max Value (copy/µL)

  

		E. nigrum	2763	76	39106
		A. alternata	2752	66	32634
		P. chrysogenum	2660	9	19169
	Fungi	C. sphaerospermum	2195	8	12162
	(molds and yeasts)	A. versicolor	2307	2	5671
		A. fumigatus	1468	0	5138
		T. viride	1390	0	1536
		S. chartarum	848	0	333
		Cryptococcus spp.	2314	<1	7
		Enterobacteriaceae	3086	134	78163
	Bacteria	Mycobacteria	3053	235	12511
		Streptomyces	2879	51	5887
		Dermatophagoïdes spp.	1505	<1	97673
	Dust mites	D. pteronyssinus D. farinae	1908 2192	0 <1	9657 1330
		A. siro	2300	<1	348

Table 3 .

 3 Detailed output on the smoothers and parametric terms in the Generalized additive mixed models (GAMMs).

		qPCR Targets	p	edf	F	adjR 2
		A. alternata	<0.001 *	2.954	162.6	0.12
		A. fumigatus	<0.001 *	2.7	10.54	0.00909
		E. nigrum	<0.001 *	2.345	10.85	0.0069
	Molds	C. sphaerospermum	<0.001 *	2	59.59	0.0418
		P. chrysogenum	0.028 *	2.738	4.472	0.00212
		S. chartarum	0.122	2.853	1.808	0.00119
		A. versicolor	0.126	2	2.071	0.000853
		T. viride	0.794	2	0.231	-0.000452
	Yeasts	Cryptococcus spp.	<0.001 *	2.852	42.88	0.0391
		Dermatophagoïdes spp.	<0.001 *	2.122	39.51	0.0286
	Dust mites	D. pteronyssinus D. farinea	<0.001 * 0.672	2 2.248	15.77 0.44	0.00918 -0.000307
		A. siro	0.779	2	0.249	-0.000525
		Enterobacteriaceae	0.12	2.25	1.823	0.00139
	Bacteria	Mycobacteria	0.009 *	2.694	3.544	0.00456
		Streptomyces	<0.001 *	2	11.71	0.00851

Table 3 .

 3 Detailed output on the smoothers and parametric terms in the Generalized additive mixed models (GAMMs).

		qPCR Targets	p	edf	F	adjR 2
	Molds	A. alternata A. fumigatus	<0.001 * 2.954 162.6 <0.001 * 2.7 10.54 0.00909 0.12

Target age Prediction age Population analyzed Loose Asthma predictive index (API)

  

	Pedersen et al [132]	1.5-3.5 7.5	High risk population
	MAAS APT [133]	3	8-11	High risk population
		≤3	6-13	General population
	Development study : Castro-Rodriguez et al [122]			
	External validation studies			
	Rodriguez-Martinez et al [123]	1-3	5-6	High risk
	Leonardi et al [124]	2-3	7	General population
	Devulapalli et al [125]	3	10	General population
	Stringent API	≤3	6-13	General population
	Development study : Castro-Rodriguez et al [122]			
	External validation studies			
	Rodriguez-Martinez et al [123]	1-3	5-6	High risk population
	Leonardi et al [124]	2-3	7	General population
	Caudri et al [126]	0-4	7-8	High risk population
	Devulapalli et al [125]	3	10	General population
	PIAMA	0.4	7-8	High risk population
	Caudri et al [126]			
	External validation studies			
	Hafkamp-de Groen et al [127]	1-4	6	High risk population
	Rodriguez-Martinez et al [123]	1-3	5-6	High risk population
	PAPS	<2	6	High risk population
	Vial Dupuy et al [128]			
	External validation studies			
	Vial Dupuy et al [128]	<2	13	High risk population
	PARS	≤3	7	High risk population
	Biagini Myers et al [129]			
	External validation studies			
	Biagini Myers et al [129]	2	10	General population
	PARC	1-3	6-8	High risk population
	Pescatore et al [130]			
	External validation studies			
	Grabenhenrich et al [131]	3	8	High risk population
				53

  Childhood Asthma Prediction Score (CAPS) [138] and MAAS APT [133] lacked sufficient EPV[137]. Underpowered studies run the risk of: selecting incorrect predictors (overfitting Type I error), skewed associations between predictors and considered outcome, and not selecting pertinent predictors (under fitting Type II error)[137].

Comparison of the ELFE study with the development and other external validation studies

  5,434 (50.8%) were boys, 11.9% children had wheezing, 2.9% experienced food allergy and 28% had eczema ever (as per parental reporting). Based on the scoring at age 1, 84.9% were at low, 13.1% medium and 2% at high risk of developing asthma at age 5. Children in the medium risk category were 3 times PARC was developed in a high risk population [130] and externally validated in two cohorts composed of a high risk population: German MAS [131] and Avon Longitudinal Study of Parents and Children (ALSPAC)[132].For the generalizability of models, it is imperative that they are tested in different populations. A large proportion of preschoolers in the general population is often asymptomatic or displays transient symptoms, and develops asthma later (late onset asthma). Risk stratification of preschoolers in the general population, provides the additional benefit of identifying possible late onset asthmatics, and also aids in the formulation of personalized treatment strategies, which could improve their

	quality of life [137,139-142].
	Bearing the above points in mind the efficacy of PARC in the ELFE study was tested in the general preschool population, with
	heterogeneous symptom presentation.
		II.	Sample size
	more likely to develop asthma (OR= 3.3, 95% CI =2.97-3.78) whereas 13 times more likely in the high-risk category (OR=13.8,
	95% CI =10.2-18.8). The tool's AUC was comparable: LRC 0.74 vs ELFE 0.68; as were the Brier scores LRC 0.14 vs ELFE
	0.16. Varying inclusion criteria and outcome definitions were used for the sensitivity analysis and the tool's performance
	remained robust to these changes.
	3.6 	Strengths of the ELFE study
		I.	Population analyzed
			56

Our study's analytical sample was by far the largest N=10,689, as compared to German MAS (N=140)

[131] 

and ALSPAC (N=2,690)

[132]

. A large sample size is an important factor in assessing the performance measures of a predictive model.

III.

Prevalence of outcome (asthma)

High-risk populations are often preferred for model development owing to the higher disease prevalence. However, there is a probability that such models might overestimate the risk of disease in the general population

[137]

. PARC was developed in a high risk population but interestingly, the prevalence of asthma in the general population of ELFE cohort (20.6%) was comparable to that of LRC (28%) [130], German MAS (20%)

[131] 

and ALSPAC (14%)

[132]

.

  and NPV=0.84 (LRC: PPV=0.49 and NPV=0.86). Similarly at score 10, PPV=0.73 and NPV= which was comparable to PPV=0.79 and NPV= 0.76 in LRC13 (eTable5). This consistency across cohorts indicates the efficacy of the tool in differing populations.

:

  This study has been funded by L'Agence Nationale de la Recherche (The French
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Table 1 :

 1 TABLES Included and excluded sample compared according to characteristics at baseline (age 1).

	Characteristics at baseline	Frequency	Included Sample	Excluded Sample	p value
		(%)	N = 10,863	N =3,193 (22.7%)	
		N = 14,056	(77.3%)		
	Type of delivery a				<0.0001
	Spontaneous vaginal delivery	9426 (67.1%) 7367 (67.8%)	2059 (64.5%)	
	Forceps or/ suction cup	1714 (12.2%) 1364 (12.6%)	350 (11%)	
	Cesarian section	2531 (18%)	1855 (17.1%)	676 (21.2%)	
	Breast feeding				<0.0001
	Never	3549 (25.3%) 2484 (22.9%)	1065 (33.4%)	
	≥4 months	7268 (51.7%) 5834 (53.7%)	1434 (44.9%)	
	≥ 6 months	820 (5.8%)	715 (6.6%)	102 (3.3%)	
	Socioeconomic status b				<0.0001
	Low	466 (3.3%)	220 (2%)	246 (7.7%)	
	Middle	4815 (34.3%) 3198 (29.4%)	1617 (50.6%)	
	High	8775 (62.4%) 7445 (68.5%)	1330 (41.7%)	
	Parental Tobacco Smoking				
	Mother	3404 (24.2%) 2434 (22.4%)	970 (30.4%)	<0.0001
	Father	3751 (26.7%) 2985 (27.5%)	766 (24%)	<0.0001
	Number of siblings				<0.0001
	None	6102 (43.4%) 4756 (43.8%)	1346 (42.2%)	
	1	5275 (37.5%) 4139 (38.1%)	1136 (35.6%)	
	≥ 2	2679 (19.1%) 1968 (18.1%)	711 (22.3%)	
	Pets c	5661 (40.3%) 4586 (42.2%)	1075 (33.7%)	0.0398
	Doctors / specialists				<0.0001
	consulted on a regular basis				
	General Practitioner	8221 (58.5%) 6318 (58.2%)	1903 (59.6%)	
	Pediatrician	5270 (37.5%) 4171 (38.4%)	1099 (34.4%)	
	Dermatologist	949 (6.8%)	708 (6.5%)	241 (7.5%)	0.0414
	Pulmonologist	266 (1.9%)	192 (1.8%)	74 (2	

.3%) 0.0449 Visit to the emergency for respiratory issues such as wheezing, cough, dysponea (1420, 10.1%)

  

			1035 (9.5%)	385 (12.1%)	<0.0001
	Use of inhaled medication to	4041 (28.8%) 3100 (28.5%)	941 (29.5%)	0.0061
	improve breathing in the past 12				
	months (home/hospital) for				
	wheezing/cough/congestion/dyspnea				
	BCG vaccination	1992 (14.2%) 1448 (13.3%)	544 (17%)	<0.0001
	Homeopathic medication	1633 (11.6%) 1331 (9.7%)	309 (9.6%)	0.0001
	Vitamin D supplementation taken	11,131 (79.2	8,671 (79.8%)	2460 (77%)	0.0008
	by child in the past 12 months	%)			
	Note : a Extracted from questionnaire at maternity, b Based on maternal education, c Extracted from questionnaire
	at 2 months				
	558				
	559				

Table 2 :

 2 Comparison of questions and prevalence of predictors between LRC and ELFE cohort Responses to question of wheezing and dyspnea (in the past 12 months) were combined to form a single variable. c Extracted from the questionnaire administered at 2 months

	LRC Questions	Scores	%	ELFE Questions	Scores	%	Comparability
	N=1,226			N=10,689			of questions
							between
							cohorts
	1. What is the child's	Female=0	45	What is the sex of the	Female =0		Perfect
	sex?	Male=1	55	child ?	Male =1		
	2. How old is the	1=0	28	(Not included)	-	-	LRC score for
	child? (in years)	2=1	57				age 1 was = 0
		3=1	15				
	3. In the last 12	Yes=1	18	Has child had	Yes=1		Good (absence
	months, has the	No=0	82	wheezing in the past	No=0		of cold and flu
	child had wheezing			12 months?			not asked)
	or whistling in the						
	chest even without						
	having a cold or						
	flu?						
	4. How many attacks	0-3=0	45	How many attacks of	0-3=0		Perfect
	of wheeze has the	>3 =2	55	wheeze has the child	>3 =2		
	child had during the			had in the past 12			
	last 12 months?			months?			
	5. In the last 12	Never=0	64	Has wheezing	Never=0		Perfect
	months, how much	A little=1	26	interfered with the	A little=1		(as 2 specific
	did wheezing	A lot =2	10	child feeding and / or	A lot =2		activities at age
	interfere with your			caused sleep			1 have been
	child's daily			disturbance in the			included)
	activities?			past 12 months? a			
	6. Do these wheezing	Never=0	65	Has wheezing caused	Never=0		Perfect
	attacks cause	Sometimes	29	shortness of breath in	Sometimes=		(specific to past
	him/her to be short	=2	6	the past 12 months? b	2		12 months)
	of breath?	Always=3			Always=3		
	7. In the last 12	Yes=1	39	Has the child	Yes=1		Good (physical
	months, did	No=0	61	experienced cough	No=0		stress not
	exercise (playing,			during sleep in the			included but
	running) or			past 12 months?			cough included)
	laughing, crying or						
	excitement cause						
	wheezing or						
	coughing in the						
	child?						
	8. In the last 12	Yes=1	7	Does the child drink a	Yes=1		Very good
	months, did contact	No=0	93	milk preparation used	No=0		(Indicator of
	with dust, grass,			for children allergic			atopy;
	pets or other			to cow's milk			hypersentivity -
	animals cause			proteins?			IgE )
	wheezing or						
	coughing in the						
	child?						
	9. Has the child ever	Yes=1	44	In the last 12 months,	Yes=1		Very good
	had eczema?	No=0	56	has your child had	No=0		(specific to past
				eczema?			12 months)
	10. Have the child's	None=0	52	Has the child's	None=0		Moderate (only
	parents ever	Mother =1	22	mother / father been	Mother =1		asthma
	suffered from	Father=1	17	diagnosed with	Father=1		included)
	wheezing , asthma			asthma ? c			
	or bronchitis ?						
	Note:						

a 

Responses to question of wheezing in the past 12 months, sleep disturbance and feeding difficulties due to respiratory symptoms were combined to form a single variable. b

Table 3 :

 3 Differences between asthmatic and non-asthmatic children in the analytical sample according to characteristics at age 5.

	Characteristics at age 5 a		Frequency	Asthmatic	Non-asthmatic	p-value
				(%)	2,206 (20.6%)	8,483 (79.4%)	
				N=10,689			
	Family History of asthma b					
	Mother			1277 (12%)	437 (19.8%)	840 (9.9%)	<0.0001
	Father			1219 (11.4%)	397 (18%)	822 (9.7%)	<0.0001
	Sibling			549 (5.1%)	202 (9.2%)	347 (4.1%)	<0.0001
	Sex						<0.0001
	Male			5434 (50.8%)	1342 (60.8%)	4092 (48.2%)	
	Female			5254 (49.2%)	863 (39.1%)	4391 (51.8%)	
	Wheezing			1271 (11.9%)	1271 (57.6%)	0	<0.0001
	Number of wheezing attacks					<0.0001
	None			37(0.4%)	37 (1.7%)	0	
	1-3			953 (8.9%)	953 (43.3%)	0	
	4-12			232 (2.2%)	232 (10.5%)	0	
	≥12 attacks			45 (0.4%)	45 (2%)	0	
	Wheezing causing speech impairement	118 (1.1%)	118 (5.4%)	0	<0.0001
	Wheezing due to physical exertion	278 (2.6%)	278 (12.7%)	0	<0.0001
	Frequency of sleep disturbance due to				<0.0001
	wheezing						
	Never			777 (7.3%)	777 (35.2%)	0	
	At least 1 night per week		342 (3.2%)	342 (15.5%)	0	
	Multiple nights per week		147 (1.4%)	147 (6.7%)	0	
	Specialists consulted					
	Pediatrician			3433 (32.1%)	811 (36.8%)	2622 (31%)	<0.0001
	Allergic specialist		259 (2.4%)	165 (7.5%)	94 (1.1%)	<0.0001
	Pulmonologist			210 (2%)	185 (8.4%)	25 (0.3%)	<0.0001
	Wheezing	causing	Emergency	463 (4.3%)	463 (21%)	0	<0.0001
	consultation						
	Wheezing causing hospitalisation	253 (2.4%)	253 (11.5%)	0	<0.

0001 Dry night cough in the absence of respiratory illness/ infection

  In the past 12 months. b Extracted from questionnaire administered at 2 months.

		3113 (29.1%)	1079 (48.9%)	2034 (24%)	<0.0001
	Diagnosed food allergy	307 (2.9%)	124 (5.6%)	183 (2.2%)	<0.0001
	Eczema ever	2989 (28%)	826 (37.4%)	2163 (25.5%)	<0.0001
	Allergic rhinitis / hay fever ever	1261 (11.8%)	529 (24%)	732 (8.6%)	<0.0001
	Note: a				

TABLES 134 eTable1: Included and excluded sample compared according to characteristics 135 at baseline (age 1).

  

		eTable2:		
	136				
		Characteristics at baseline a	Frequenc	Included	Excluded	p-value
						y (%)	N	=	10,863	N =3,193 (22.7%)
						N = 14,056	(77.3%)
		Specialists consulted	
		Allergy specialist			344 (2.5%) 268 (2.5%)	76 (2.4%)	0.7800
		Sex				0.2011
		Male			7181	5518 (50.8%)	1633 (52.1%)
						(51.1%)
		Female			6875	5345 (49.2%)	1530 (47.9%)
						(49%)
		Use of any 1 of the following	501 (3.6%) 386 (3.6%)	115 (3.6%)	0.8876
		for	respiratory	issues	:
		Ventolin, Becotide, flixotide
		pulmicort, bricanyl		
		Antibiotic treatment			8557	6648 (61.2%)	1909 (59.8%)	0.1975
						(60.9%)
		Naturopathic medication	236 (1.7%) 180 (1.7%)	56 (1.8%)	0.7009
		Eczema			2540	1995 (18.4%)	545 (17.1%)	0.1066
						(18.1%)
		Flu/Rhinopharyngitis/bronchiti	8839	6824 (62.8%)	2015 (63.1%)	0.6360
		s				(62.9%)
		Bronchiolitis			4349	3333 (30.7%)	1016 (31.8%)	0.2216
						(30.9%)
		Sleep disturbance due to	1523	1195 (11%)	328 (10.3%)	0.0978
		respiratory symptoms		(10.8%)
		Family history of Asthma b
		Mother			1628	1277 (11.8%)	351 (11%)	0.9324
						(11.6%)
		Father			1477	1219 (11.2%)	258 (8.1%)	0.4779
						(10.5%)
		Any sibling			732 (5.2%) 549 (5.1%)	183 (5.7%)	0.0674
	137	Note:	a in the past 12 months	b Extracted from questionnaire administered at 2 months
	138				
	139				
	140				
	141				
	142				
	143				
	144				
	145				
	146				

Children in risk categories compared on characteristics at age 5

  

	148					
	Characteristics at age 5 a	Frequency	Low risk	Medium risk	High risk	p-value
					(%)	(9070,	(1403,	(216, 2%)
					N=10,689	84.9%)	13.1%)
	Family History of asthma b		
	Mother				1277 (12%)	926 (10.2%)	275 (19.6%)	(35.2%) <0.0001
	Father				1219 (11.4%) 915 (10.1%)	229 (16.3%)	(34.7%) <0.0001
	Sibling				549 (5.1%)	389 (4.3%)	120 (8.6%)	(18.5%) <0.0001
	Sex						<0.0001
	Male				5434 (50.8%) 4258 (47%)	986 (70.3%)	(88%)
	Female				5254 (49.2%) 4812 (53.1%) 416 (29.7%)	(12%)
	Wheezing				1271 (11.9%) 895 (9.9%)	294 (21%)	(38%)	<0.0001
	Number	of	wheezing			0.0048
	attacks					
	None attacks			37(0.4%)	27 (0.3%)	9 (0.6%)	(0.5%)
	1-3				953 (8.9%)	691 (7.6%)	200 (14.3%)	(28.7%)
	4-12				232 (2.2%)	149 (1.6%)	71 (5.1%)	(5.6%)
	≥12				45 (0.4%)	25 (0.3%)	13 (0.9%)	(3.2%)
	Wheezing due to Physical	278 (2.6%)	179 (2%)	76 (5.4%)	(10.7%) 0.0390
	exertion					
	Frequency	of	sleep			<0.0001
	disturbance	due	to		
	wheezing					
	None				777 (7.3%)	582 (6.4%)	162 (11.6%)	(15.3%)
	1 night per week			342 (3.2%)	215 (2.4%)	96 (6.8%)	(14.4%)
	Multiple nights per week	147 (1.4%)	95 (1.1%)	35 (2.5%)	(7.9%)
	Dry night cough in the	3113 (29.1%) 2517 (27.8%) 499 (35.6%)	(44.9%) <0.0001
	absence of respiratory		
	illness/ infection				
	Diagnosed food allergy	307 (2.9%)	235 (2.6%)	56 (4%)	(7.4%)	<0.0001
	Specialists consulted			
	Allergic specialist			259 (2.4%)	195 (2.2%)	49 (3.5%)	(6.9%)	<0.0001
	Pulmonologist			210 (2%)	141 (1.6%)	47 (3.4%)	(10.2%) <0.0001
	Wheezing and Emergency	463 (4.3%)	313 (3.5%)	118 (8.4%)	(14.8%) <0.0001
	consultation				
	Wheezing and			253 (2.4%)	161 (1.8%)	74 (5.3%)	(8.3%)	<0.0001
	hospitalisation				
	Eczema ever			2989 (28%)	2426 (26.8%) 466 (33.2%)	(

44.9%) <0.0001 Allergic rhinitis / hay fever ever

  

		eTable3:	
				1261 (11.8%) 998 (11%)	214 (15.3%)	(22.7%) <0.0001
	149	Note:	a in the past 12 months	b Extracted from questionnaire administered at 2 months
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	152			
	153			
	154			
	155			
	156			
	157			
	158			
	159			
	160			
	161			
	162			
	163			
	164			

Asthmatic children in risk categories compared on characteristics at

  

	165				
	166	age 5			
		Characteristics in asthmatic	Asthmatic	Asthmatic	Asthmatic	p-value
		children	children at	children at	children at
		at age 5 (N=2206)	age 5	age 5	age 5
			categorised	categorised	categorised
			as Low risk	as Medium	as High risk at
			at age 1	risk at age 1	age 1 (n=158)
			(n=1490)	(n=558)	
		Mode of delivery at birth a (n,%)				0.9842
		SVD (1444,65.5%)	973 (65.3%)	362 (64.9%)	109 (69%)
		Forceps or suction (280, 12.7%)	191 (12.8%)	69 (12.4%)	20 (12.7%)
		C -section (414, 18.8%)	280 (18.8%)	106 (19%)	28 (17.7%)
		Breast feeding (0-6 months) (n,%)				0.7257
		Never (528, 23.9%)	352 (23.6%)	136 (24.4%)	40 (25.3%)
		Till 4 months (1171,53.1%)	787 (52.8%)	305 (54.7%)	79 (50%)
		Till 6 months (147, 6.7%)	102 (6.9%)	32 (5.7%)	13 (8.2%)
		Family History of asthma b (n,%)			
		Mother (437, 19.8%)	249 (16.7%)	128 (22.9%)	60 (38%)	<0.0001
		Father (397, 18%)	245 (16.4%)	99 (17.7%)	53 (33.5%)	<0.0001
		Sibling (202, 9.2%)	112 (7.5%)	59 (10.6%)	31 (19.6%)	<0.0001
		Characteristics at age 5 c (n,%)			
		Sex (n,%)				<0.0001
		Male (1342 , 60.8%)	791 (53.1%)	408 (73.1%)	143 (90.5%)
		Female (863, 39.1%)	699 (46.9%)	149 (26.7%)	15 (9.5%)
		Wheezing (1271, 57.6%)	895 (60.1%)	294 (52.7%)	82 (51.9%)	0.0035
		Wheezing attacks (n,%)				0.0048
		No attacks (37, 1.7%)	27 (1.8%)	9 (1.6%)	1 (0.6%)
		1-3 attacks (953, 43.2%)	691 (46.4%)	200 (35.8%)	62 (39.2%)
		4-12 attacks (232, 10.5%)	149 (10%)	71 (12.7%)	12 (7.6%)
		greater than 12 attacks (2%)	25 (1.7%)	13 (2.3%)	7 (4.4%)
		Wheezing causing speech	78 (5.2%)	29 (5.2%)	11 (7%)	0.3507
		impairement in (118, 5.4%)			

Wheezing due to Physical exertion (278, 12.6%)

  

	179 (12%)	76 (13.6%)	23

(14.6%) 0.0390 Sleep disturbance due to wheezing (n,%) <0.0001

  

	Characteristics in asthmatic	Asthmatic	Asthmatic	Asthmatic	p-value
	children	children at	children at	children at	
	at age 5 (N=2206)	age 5	age 5	age 5	
		categorised	categorised	categorised	
		as Low risk	as Medium	as High risk at	
		at age 1	risk at age 1	age 1	
		(n=1490)	(n=558)		
				(n=158)	
	Classroom size (n,%)				0.2208
	3-25 (1086, 49.2%)	723 (48.5%)	291 (52.2%)	72 (45.6%)	
	26 and above (1119, 50.7%)	766 (51.4%)	267 (47.9%)	86 (54.4%)	
	Pets (299, 13.6%)	200 (13.4%)	79 (14.2%)	20 (12.7%)	0.5237
	Type of pets (n,%)				0.9391
	Furred (275, 12.5%)	184 (12.4%)	73 (13.1%)	18 (11.4%)	
	Non furred (24, 1.1%)	16 (1.1%)	6 (1.1%)	2 (1.3%)	
	Wheezing and ER consultation	313 (21%)	118 (21.2%)	32 (20.3%)	0.9681
	(463, 21%)				
	Wheezing and hospitalisation (253,	161 (10.8%)	74 (13.3%)	18 (11.4%)	0.2888
	11.5%)				
	Never (777, 35.2%)	582 (39.1%)	162 (29%)	33 (20.9%)	
	1 night per week (342, 15.5%)	215 (14.4%)	96 (17.2%)	31 (19.6%)	
	1 or more night per week (147, 6.7%)	95 (6.4%)	35 (6.3%)	17 (10.8%)	
	Eczema ever (826, 37.4%)	546 (36.6%)	207 (37.1%)	73 (46.2%)	0.0645
	Allergic rhinitis / hay fever ever	351 (23.6%)	140 (25.1%)	38 (24.1%)	0.6623
	(529, 24%)				
	Dry night cough in the absence of	740 (50%)	266 (47.7%)	73 (46.2%)	0.5286
	respiratory illness/ infection (1079,				
	48.9%)				
	Diagnosed food allergy (124, 5.6%) 78 (5.2%)	32 (5.7%)	14 (8.9%)	0.1725
	Specialists consulted (n,%)				
	Pediatrician (811, 36.8%)	556 (37.3%)	203 (36.4%)	52 (32.9%)	0.5367
	Allergic specialist (165, 7.5%)	110 (7.4%)	40 (7.2%)	15 (9.5%)	0.6872
	Dermatologist (51, 2.3%)	34 (2.3%)	15 (2.7%)	2 (1.3%)	0.5431
	Pulmonologist (185, 8.4%)	121 (8.1%)	44 (7.9%)	20 (12.7%)	0.2059
	School attendance frequency (n,%)				0.5842
	Frequent (2190, 99.3%)	1480 (99.3%) 554 (99.3%)	156 (98.7%)	
	Infrequent (16, 0.7%)	10 (0.7%)	4 (0.7%)	2 (1.3%)	

Note:

a Extracted from questionnaire at maternity. b Extracted from questionnaire at 2 months c in past 12 months eTable4:

Univariate analysis of the predictors at age 1 with asthma at age 5 211

  

		Predictors at age 1 a eTable5:		Frequency	Asthma at	No Asthma at	p-
					(%)	age 5	age 5	value
					N=10,689	2206	8483 (79.4%)
						(20.6%)
		Sex				<0.0001
		Males		(5431,	1337	4094 (48.3%)
					50.8%)	(60.6%)
		Females		(5258,	869	4389 (51.7%)
					49.2%)	(39.4%)
		Wheezing		(2984,	1044	1940 (22.9%)	<0.0001
					27.9%)	(47.3%)
		Wheezing attacks			<0.0001
		0-3			(9941	1800	8141 (96%)
					,93%)	(81.6%)
		>3			(748 ,7%)	406	342 (4%)
						(18.4%)
		Wheezing disrupting child's		<0.0001
		activities		
		(feeding -sleeping)		
		No disruption		(6726	1160	5566 (65.6%)
					,62.9%)	(52.6%)
		Sleep disturbance or feeding	(3344,	821	2523 (29.7%)
		difficulties		31.3%)	(37.2%)
		Sleep disturbance and feeding	(619 ,5.8%) 225	394 (4.6%)
		difficulties			(10.2%)
		Wheezing causing shortness of		<0.0001
		breath		
		None		(8640	1414 (64%) 7226 (85.2%)
					,80.8%)
		A little		(1258	417	841 (9.9%)
					,11.8%)	(18.9%)
		A lot			(791 ,7.4%) 375 (17%)	416 (4.9%)
		Milk Protein allergy		(124 ,1.1%) 42 (1.9%)	78 (0.9%)	<0.0001
		Dry Night cough		(7381,	1715	5666 (66.8%)	<0.0001
					69.1%)	(77.7%)
		Eczema		(1963	561	1402 (16.5%)	<0.0001
		Family history of asthma b	,18.4%)	(25.4%)	<0.0001
		None		(8353	1443	6910 (81.5%)
					,78.2%)	(65.4%)
		Mother or father		(2176	692	1484 (17.5%)
					,20%)	(31.4%)
		Mother and father		(160 ,1.5%) 71 (3.2%)	89 (1.1%)
	262 263	Note:	a In the past 12 months,	b Extracted from questionnaire administered at 2 months
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	267				
	268				
	269				
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Performance Measures for each score in the ELFE cohort

  

	eTable6:														
								Scores						
	Measures 0	1	2	3	4	5	6	7	8	9	10	11	12	13
	Sensitivit	10	96.	82.	65.	50.	40.	32.	24.	17.	12.	7.1	2.8	0.6	0.9
	y(%)	0	01	96	68	77	62	46	61	72	42	6	6	8	9
	Specificit	0	10	34.	60.	76.	84.	89.	93.	96.	98.	99.	99.	99.	10
	y(%)			92	85	99	35	36	52	22	14	32	82	93	0
	PPV	0.2	0.2	0.2	0.3	0.3	0.4	0.4	0.4	0.5	0.6	0.7	0.8	0.7	0.6
		0	1	4	0	6	0	4	9	4	3	3	0	1	6
	NPV	NA 0.9	0.8	0.8	0.8	0.8	0.8	0.8	0.8	0.8	0.8	0.7	0.7	0.7
			0	8	7	5	4	3	2	1	1	0	9	9	9
	LR+	1	1.0	1.2	1.6	2.2	2.5	3.0	3.7	4.6	6.6	10.	16.	9.6	7.6
			6	7	7	0	9	4	9	8	6	47	15	7	9
	LR-	NA 0.3	0.4	0.5	0.6	0.7	0.7	0.8	0.8	0.8	0.9	0.9	0.9	0.9
			9	8	6	3	0	5	0	5	9	3	7	9	9

Discrimination and Performance of the asthma prediction tool in the ELFE cohort using varying inclusion criteria and outcomes (Sensitivity analysis I&II)

  

	I. Inclusion criteria at age 1 a	Outcome defintion at age 5	Analytical sample	Prevalence of asthma at age 5 b	AUC (95%CI)	R 2 /Max Re-scaled R 2	Brier Score
	(General						
	population)					
	Complete responses to	Asthma ever and Wheezing a		10,689	735 (6.9%)	0.70) 0.68 (0.66-	0.03/0.07	0.06
	wheeze or						
	cough						
	II. Inclusion criteria at age	Outcome definition at age	Analytical sample	Prevalence of asthma	AUC (95%CI)	R 2 / Max Re-scaled R 2	Brier Score
	1			5			at age 5**
	(Symptomatic					
	only)						
	Wheezing		Asthma ever and		3,004		376	0.63 (0.60-	0.02/0.05	0.10
			Wheezing*			(12.5%)	0.66)
	Wheezing Analytical Sample size Asthma ever 1226		3014	846 (28.1%) 10,689	0.67 (0.65-0.69)	0.08/0.11	0.18
	Wheezing cohort Prevalence of asthma in Food allergy a or wheezing a and 345 (28.1%)	3,787	(10.4%) 392 2206 (20.6%) 0.66) 0.63 (0.61-	0.02/0.05	0.09
	Children	in	Asthma ever risk			
	Wheezing or Cough categories Low (≤5)	Asthma ever and Wheezing a 840 (69%)		7,678	583 (7.6%) 9070 (84.9%) 0.70 (0.68-0.72)	0.03/0.09	0.06
	Note: Medium (score ≥6 and a past 12 months, b according to the outcome definition at age 5 288 (23%)	1403 (13.1%)
	≤9),						
	High (≥10)			98 (8%)				216 (2%)
	Prevalence of asthma				
	within the defined risk				
	categories						
	Low (≤5)			16%				16%
	Medium (score ≥6 and	48%				40%
	≤9),						
	High (≥10)			79%				73%

CHAPTER 4 Identify and describe preschool wheeze profiles and asthma phenotypes from age 0-5 4 Chapter 4: Wheezing and childhood asthma

  

	Wheezing is considered as a dominant and defining symptom in early life asthma owing to its common occurrence, for
	e.g. 1 in 3 preschoolers experiences wheezing in the first 3 years of life [148,149], however wheezing persists in a
	minor proportion of these children [150].
	Results
	Wheeze profiles and asthma phenotypes were ascertained at age 5. Supervised wheeze
	trajectory of 9,161 children, resulted in 4 wheeze clusters: Persistent (0.8%), Transient (12.1%),
	Incident wheezers at age 5 (13.3%) and Non wheezers (73.9%). While 9,517 children in
	unsupervised clusters displayed 4 distinct phenotypes: Mildly symptomatic (70%), Post-natal
	bronchiolitis with persistent rhinitis (10.2%), severe early asthma (16.9%) and Early persistent
	atopy with late onset severe wheeze (2.9%).
	Conclusion
	We successfully determined early life wheeze profiles and asthma phenotypes in the general
	population of France.
	Keywords: Asthma in early life, Asthma epidemiology, Asthma (clinical aspects), Asthma
	severity, Wheezing, Cluster Analysis.
	Word count =243

ELFE is a general population based birth cohort; which recruited 18,329 newborns in 2011, from 320 maternity units nationwide. Data was collected using parental responses to modified versions of ISAAC questionnaire on eczema, rhinitis, food allergy, cough, wheezing, dyspnea and sleep disturbance due to wheezing at 3 time points: post-natal (2 months), infancy (age 1) and pre-school (age 5). Identification and phenotyping of clusters was based on the evolution of symptoms, clinical profiles, risk and protective factors from birth till age 5. Chi squared (χ2) test or fisher's exact test was used as appropriate (p<0.05).

The Tucson respiratory study was a pioneer in phenotyping patterns of wheezing in early life. Based on the temporal evolution of wheezing in the first 6 years of life, 4 trajectories were determined: Never wheezed, transient early wheezing (wheezing before the age of 3 and resolving by age 6), persistent wheezing and late onset wheeze (wheezing after the age of 3 and persisting into childhood)

[149]

. Several birth cohorts followed suit, and 3 of wheezing phenotypes determined in the Tucson study: transient, late onset and persistent wheezing [149], were also seen in majority of the cohorts [151-159].

6 :

 6 Comparison of wheeze profiles in 2018 and 2019.

	Incident	No wheezing at 2 months	 Maternal history of eczema
		but wheezing at age 1	
			 Paternal history of asthma
	Controls	No wheezing at both time	 Female sex
		points	
			 No siblings
			 Assisted childbirth (forceps/ suction
			cup)
	Khan et al.		
	(ages: 2 months , 1 year and 5		
	years)		
	Persistent	Wheezing at all time	 History of asthma in child
	Wheeze phenotypes	Wheeze phenotypes points	Defining characteristics of the wheeze
		defined	phenotypes (p<0.05)  Maternal smoking at 2 months
			 Asthmatic sibling
	Hallit et al. [9]		
	(ages: 2 months and 1 year) Transient	May have had wheezing	
		at 2 months or 1 year but	
		no wheezing reported at	 Nocturnal cough at 2 months
	Persistent	Wheezing at all time age 5	
		points	 Respiratory distress signs at two months
	Incident at age 5	May have had wheezing	 Excess bronchial secretions at two  Maternal history of asthma
		at 2 months or 1 year and	months
		wheezing was also	 Paternal history of asthma
		reported at age 5	 Male sex
			 History of eczema in child
			 Presence of bronchiolitis in child at two
			months  History of allergic rhinitis in child
			 Rash on the child's skin at two months  Dry night cough at age 5
			 Reflux in the child at 2 months  Food allergy at age 5
			 Maternal history of asthma
			 Maternal history of hay fever
			 Maternal smoking during pregnancy
			 1-2 siblings
			 Spontaneous Vaginal delivery
	Intermittent	Wheezing at 2 months but	 ≥3 siblings
		not at age 1	
			 Caesarean section delivery

  Different childhood asthma phenotypes identified through cluster analysis (national studies).

	Severe Asthma	Characterize	3 clusters:	34	350
	Molecular Phenotype (SAMP) cohort Tableau 8: Study (2017)	phenotypes of severe recurrent wheeze and severe Aims asthma in terms of	Neutrophilic steroid-refractory recurrent wheeze Types of clusters phenotype high-	No. of variables	Sample size
	[177]	triggers (allergic or not), involved cells	identified dose ICS (uncontrolled);	used in the cluster	
		(eosinophil or	Severe current	analysis	
		neutrophil) and	wheeze with		
	Trousseau Asthma	Define severe corticoid	3 clusters: Asthma sensitization to a	19 variables: Age,	315
	Program (TAP)	asthma phenotypes responsiveness.	with severe single aeroallergen	BMI, Asthma	
	Paris (2012)	by taking into	exacerbations and with high-dose	duration, Any	
	[173]	account	multiple allergies ; ICS (controlled) ;	parental asthma,	
		inflammatory	Severe asthma with Eosinophilic	Allergic	
		markers	bronchial steroid-refractory	sensitization,	
			obstruction; mild asthma high-dose	Inflammatory	
			asthma ICS (uncontrolled)	markers, IgE, IgG,	
	(2019) [178] Paris birth cohort	based on the time characterize profiles Identify and	Early transient wheezing and 6 clusters: 2	IgA and IgM levels dry night cough and tests severe wheezing , and Lung function 8 -wheezing,	1820
	TAP (2012)	Identify phenotypes course, severity, and	3 clusters : mild wheezing ,	20 variables: Rhinitis (4 types)	551
	Asthma Research Program (2011) Childhood Asthma Management Program (Boston , California) (2014) [170] and Air Pollution Study (CCAAPS) (2015) [176] TAP (2014) Childhood Allergy Cincinnati [175] TAP (2013) [169] [174]	cluster analysis of Childhood asthma allergic Asthma Define distinct Distinct Phenotypes period medications during the preschool inflammatory different courses inhaled anti-phenotypes) have clinical response to (wheezing and long term study in 2012 Asthma phenotypes determined in the phenotypes To determine if the Determine how children with severe asthma are distributed across a of severe recurrent apparent triggers of wheezing and asthma, eczema, therapeutic and allergic rhinitis children. approaches in school-aged	dust mite 4 clusters 4 clusters : House trigger) allergen exposure or MTW, and food allergy, EVW rhinitis, eczema, 5 clusters asthma, allergic [ICS], parental corticosteroid control with inhaled asthma severity and 12 parameters (sex, 4 clusters episodic viral persistent wheezing wheeze, non-atopic with aeroallergen uncontrolled sensitization, 4 wheeze multiple-trigger wheeze, atopic types for rhinitis	history, and lung age, eczema and aeroallergen skin 18 variables: sex, testing), wheezing (based on positive Gender, atopy exacerbation. and history of airway obstruction, severe UW burden, degree of atopic MTW, atopic 3 groups-atopic with mild EVW, children, children oxide (NO) asymptomatic and exhaled nitric 4 clusters: symptoms, atopy, allergic rhinitis, 12 variables eczema, and food including duration allergy and factors of asthma, lung measurement, race, sex, treatment, wheezing function that activated	72 1041 150 161
	[171]	phenotypes by focusing on IgE-	Sensitization and Mild Asthma;	function food allergy, asthma duration, asthma	
	NIAID-funded Inner City Asthma Consortium (2015) [172]	Identify distinct asthma phenotypes in inner-city children mediated allergies.	Pollen Sensitization 5 clusters with Severe (characterized by Exacerbations; differences in Multiple Allergies indicators of asthma and Severe Asthma; severity, level of Multiple Allergic controller therapy, Sensitizations and prednisone use, Mild Asthma bronchial hyperresponsiveness	severity and control, severe exacerbations, total 50 Baseline IgE level, allergic characterization sensitization, variables plus 12 fractional exhaled longitudinal clinical nitric oxide, and variables functional parameters	
			and lung function)		

Characterisation of wheezing clusters at age 5 in analytical sample (N=9,161)

  

	Characteristics	Frequency		Wheeze clusters n ( %)		
	N= 9,161	(%)	Persistent	Incident wheezers	Transient	Non wheezers	p-value
			wheezers	at age 5	wheezers		
			69 (0.8%)	1215 (13.3%)	1105 (12.1%)	6772 (73.9%)	
	Family history of						
	asthma *						
	Maternal asthma	1090 (12%)	13 (18.8%)	247 (20.3%)	158 (14.3%)	672 (9.9%)	<0.0001
	Paternal asthma	1054 (11.5%) 12 (17.4%)	221 (18.2%)	152 (13.8%)	669 (9.9%)	<0.0001
	Sibling asthma	459 (5%)	10 (14.5%)	103 (8.5%)	94 (8.5%)	252 (3.7%)	<0.0001
	Parental smoking *						
	Maternal smoking	1516 (16.5%) 16 (23.2%)	233 (19.2%)	217 (15.5%)	1050 (15.5%)	<0.0001
	Paternal smoking	2570 (28.1%) 22 (31.9%)	349 (28.7%)	342 (31%)	1857 (27.4%)	0.0756
	Co-morbidities at age						
	5						
	Eczema ever	2604 (28.4%) 18 (26.1%)	462 (38.1%)	376 (34%)	1748 (25.8%)	<0.0001
	Food allergy **	275 (3%)	1 (1.4%)	80 (6.6%)	34 (3.1%)	160 (2.4%)	<0.0001
	Allergic rhinitis ever	1125 (12.3%) 13 (18.8%)	336 (27.7%)	136 (12.3%)	640 (9.45%)	<0.0001
	Dry night cough**	2732 (30%)	35 (50.7%)	658 (54.2%)	371 (33.6%)	1668 (24.6%)	<0.0001
	Asthma ever	1569 (17.1%)	40 (58%)	695 (57.2%)	390 (35.3%)	444 (6.56%)	<0.0001
	Protective factors at						
	age 5						
	Pets	1186 (13%)	8 (11.6%)	148 (12.2%)	148 (13.4%)	885 (13.1%)	0.4361
	Day Care attendance	9077 (99.1%) 67 (97.1%)	1207 (99.3%)	1099 (99.5%)	6704 (99%)	0.0868

Table 1 :

 1 Characterisation of wheeze clusters according to co-morbidities, risk and protective factors at age 5.Note: * Extracted from the questionnaire at 2 months **In the past 12 months ***Participants having complete data on the course of wheezing from 2 months to age 5 (Analytical sample).

.7%) Symptoms at age 1 year *

  

	Multiple nights / week	159 (1.4%)	121 (1.3%)	38 (2.1%)	
	Asthma ever	1759 (15.5%)	1362 (14.3%)	397 (22%)	<0.0001
	SES at 2 months**				<0.0001
	Low	242 (2.1%)	180 (1.9%)	62 (3.4%)	
	Middle	3346 (29.6%)	2804 (29.5%)	542 (30.1%)	
	High	7552 (66.7%)	6533 (68.7%)	1019 (56.6%)	
	7 symptoms across 3 time points	Frequency (%)	Analytical sample	Excluded Sample	p-value
		N=11,318	9,517 (84.1%)	1,801 (15.9%)	
	Symptoms at age 2 months				
	Eczema	1703 (15.1%)	1462 (15.4%)	241 (13.4%)	0.70
	Rhinitis	1020 (9%)	887 (9.3%)	133 (7.4%)	0.41
	Cough	2726 (24.1%)	2277 (23.9%)	449 (24.9%)	<0.0001
	Food allergy	141 (1.3%)	118 (1.2%)	23 (1.3%)	0.39
	Wheezing	633 (5.6%)	478 (5%)	155 (8.6%)	<0.0001
	Dyspnoea due to wheezing	3786 (33.5%)	3207 (33.7%)	579 (32.2%)	0.0018
	Frequency of Sleep disturbance				0.0005
	due to wheezing				
	None	9645 (85.2%)	8344 (87.7%)	1301 (72.2%)	
	1 night / week	422 (3.7%)	371 (3.9%)	51 (2.8%)	
	Multiple nights / week 174 (9Eczema 976 (8.6%) 802 (8.4%) 2003 (17.7%) 1734 (18.2%) 269 (14.9%)	0.20
	Rhinitis	6842 (60.5%)	5923 (62.2%)	919 (51%)	0.0005
	Cough	7499 (66.3%)	6372 (67%)	1127 (62.6%)	<0.0001
	Food allergy	124 (1.1%)	109 (1.2%)	15 (0.8%)	0.81
	Wheezing	3021 (26.7%)	1964 (20.6%)	1057 (58.7%)	<0.0001
	Dyspnoea due to wheezing	7195 (63.4%)	6089 (64%)	1106 (61.4%)	<0.0001
	Frequency of Sleep disturbance				0.21
	due to wheezing				
	None	8728 (77.1%)	8363 (87.9%)	365 (20.3%)	
	1 night / week	874 (7.7%)	845 (8.9%)	29 (1.6%)	
	Multiple nights / week	327 (2.9%)	309 (3.3%)	18 (1%)	
	Symptoms at age 5 years*				
	Eczema ever	3162 (27.9%)	2655 (27.9%)	507 (28.2%)	0.59
	Rhinitis ever	1372 (12.1%)	1124 (11.8%)	248 (13.8%)	0.0016
	Cough	3315 (29.2%)	2727 (28.7%)	588 (32.7%)	<0.0001
	Food allergy	330 (2.9%)	272 (2.9%)	58 (3.2%)	0.25
	Wheezing	1332 (11.8%)	1032 (10.8%)	300 (16.7%)	<0.0001
	Dyspnoea due to wheezing	293 (2.6%)	224 (2.4%)	69 (3.8%)	0.0002
	Frequency of Sleep disturbance				<0.0001
	due to wheezing				
	None	10768 (95.1%)	9128 (95.9%)	1640 (91.1%)	
	1 night / week	356 (3.2%)	268 (2.8%)	88 (4.9%)	

Table 2 :

 2 Differences between the analytical sample and excluded sample (unsupervised cluster analysis) Note: * Symptoms in the past 12 months ** SES -socioeconomic status based on maternal education.

Characterisation of clusters based on factors from birth to post-natal period (2 months)

  -5 and Non significant findings can be seen in Supplementary Table2.
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	status						
	Characteristics Employed	Frequency 7474 (78.5%)	A 5265 (79%)	B 1290	C 729 (74.9%)	D 190 (69.9%)	p-value
		N=9,517 (%)	(n=6663)	(n=1609) (80.2%)	(n=973)	(n=272)	
	Unemployed	951 (10%)	70% 653 (9.8%)	16.9% 149	10.2% 109 (11.2%)	2.9% 40 (14.7%)	
	MATERNITY			(9.3%)			
	Sex at birth Other(retired/ homemaker)	760 (8%)	501 (7.5%)	119	108 (11.1%)	32 (11.8%)	<0.0001
	Male	4731 (49.7%)	3098 (46.5%)	971 (7.4%)	512 (52.6%)	150 (55.2%)	
	Student	332 (3.5%)	244 (3.66%)	(60.4%) 51 (3.2%)	27 (2.8%)	10 (3.68%)	
	Female Siblings	4708 (49.5%)	3511 (52.7%) 629	447 (45.9%)	121 (44.5%)	<0.0001
	None	4321 (45.4%)	3248 (48.8%)	(39.1%) 643 (40%) 295 (30.3%)	135 (49.6%)	
	Mode of delivery 1	3551 (37.3%)	2318 (34.8%)	679	469 (48.2%)	85 (31.3%)	0.0048
	Spontaneous Vaginal	6445 (67.7%)	4456 (66.9%)	1113 (42.2%)	689 (70.8%)	187 (68.8%)	
	Delivery ≥2	1645 (17.3%)	1097 (16.5%)	(69.2%) 287	209 (21.5%)	52 (19.1%)	
	Forceps /suction cup	1216 (12.8%)	898 (13.5%)	183 (17.8%)	93 (9.6%)	42 (15.4%)	
	Symptom profile			(11.4%)			
	Cesarian Section	1606 (16.9%)	1134 (17%)	275	159 (16.3%)	38 (14%)	
	Respiratory symptoms within	863 (9.1%)	409 (6.1%)	(17.1%) 145 (9%)	282 (29%)	27 (9.9%)	0.0026
	Gestational age (weeks ) a week post birth						0.0485
	Preterm (<37) Eczema	388 (4.1%) 1462 (15.4%)	254 (3.8%) 925 (13.9%)	86 (5.3%) 37 (3.8%) 276 200 (20.6%)	11 (4%) 61 (22.4%)	<0.0001
	Term (≥37)	8991 (94.5%)	6316 (94.8%) 1503 (17.2%)	915 (94%)	257 (94.5%)	
	Rhinitis	887 (9.3%)	404 (6.1%)	(93.4%) 140	315 (32.4%)	28 (10.3%)	<0.0001
	Season of birth			(8.7%)			<0.0001
	(recruitment) Cough	2277 (23.9%)	1114 (16.7%)	377	719 (73.9%)	67 (24.6%)	<0.0001
	Spring (April 1-4)	1458 (15.3%)	1027 (15.4%)	300 (23.4%)	91 (9.4%)	40 (14.7%)	
	Wheezing	478 (5%)	166 (2.5%)	(18.7%) 88 (5.5%)	212 (21.8%)	12 (4.4%)	<0.0001
	Summer (June 27-July 4) Dyspnoea due to wheezing	2435 (25.6%) 3207 (33.7%)	1794 (26.9%) 1742 (26.1%)	470 520	106 (10.9%) 836 (85.9%)	65 (23.9%) 109 (40.1%)	<0.0001
				(29.2%) (32.3%)			
	Autumn (September 27-Frequency of Sleep	2733 (28.7%)	1909 (28.7%)	377	376 (38.6%)	71 (26.1%)	
	October 4) disturbance due to wheezing			(23.4%)			
	Winter (November 28-	2891 (30.4%)	1933 (29%)	462	400 (41.1%)	96 (35.3%)	<0.0001
	December 5) None	8344 (87.7%)	65675	(28.7%) 1539	-	230 (84.6%)	
	2 MONTHS		(98.7%)	(95.7%)			
	Family history of asthma 1 night / week	371 (3.9%)	88 (1.3%)	70 (4.4%)	202 (20.8%)	11 (4%)	
	Mother Multiple nights / week	1102 (11.6%) 802 (8.4%)	710 (10.7%) -	232 -	116 (11.9%) 771 (79.2%)	44 (16.2%) 31 (11.4%)	<0.0001
	Feeding difficulties due to	1267 (13.3%)	501 (7.5%)	(14.4%) 192	523 (53.8%)	51 (18.8%)	<0.0001
	Father respiratory issues	1053 (11.1%)	694 (10.4%)	195 (11.9%)	130 (13.4%)	34 (12.5%)	0.0107
	Clinical profile			(12.1%)			
	Sibling Post birth hospitalisation for	464 (4.9%) 174 (1.8%)	259 (3.9%) 42 (0.6%)	107 23 (1.4%)	75 (7.7%) 103 (10.6%)	23 (8.5%) 6 (2.2%)	<0.0001 <0.0001
	Bronchitis/Bronchiolitis/Rhin			(6.7%)			
	Exposure to tobacco smoke opharyngitis/Pneumonia						
	Mother smokes Medical consultation for	1570 (16.5%) 1754 (18.4%)	1074 (16.1%) 753 (11.3%)	316 275	135 (13.9%) 667 (68.6%)	45 (16.5%) 59 (21.7%)	0.0007 <0.0001
	respiratory symptoms			(19.6%) (17.1%)			
	Father smokes Hospitalisation for	2685 (28.2%) 191 (2%)	1860 (27.9%) 45 (0.7%)	510 24 (1.5%)	242 (24.9%) 116 (11.9%)	73 (26.8%) 6 (2.2%)	0.0025 <0.0001
	respiratory symptoms			(31.7%)			
	Pets Bronchiolitis	4085 (42.9%) 152 (1.6%)	2884 (43.3%) 32 (0.5%)	715 14 (0.9%)	368 (37.8%) 102 (10.5%)	118 (43.4%) 4 (1.5%)	0.0098 <0.0001
				(44.4%)			
	Type of pet						0.0009
	None	4360 (45.8%)	3031 (45.5%)	719	487 (50.1%)	123 (45.2%)	
				(44.7%)			
	Furry	3862 (40.6%)	2746 (41.2%)	671	338 (34.7%)	107 (39.3%)	
	(cat/dog/hamster/rabbit/guine			(41.7%)			
	a pig)						
	Non furry (birds/ other	223 (2.3%)	138 (2.1%)	44 (2.7%) 30 (3.1%)	11 (4%)	
	domestic animals)						
	Maternal age (years)						0.0019
	<=25	834 (8.8%)	591 (8.9%)	127	74 (7.6%)	42 (15.4%)	
				(7.9%)			
	26-30	3242 (34.1%)	2239 (33.6%)	578	324 (33.3%)	101 (37.1%)	
				(35.9%)			
	31-35	3584 (37.7%)	2555 (38.4%) 577	366 (37.6%)	86 (31.6%)	
				(35.9%)			
	36-40	1556 (16.4%)	1062 (15.9%)	277	180 (18.5%)	37 (13.6%)	
				(17.2%)			
	>40	301 (3.2%)	216 (3.2%)	50 (3.1%)	29 (3%)	6 (2.2%)	
	Mother's Employment						<0.0001

Table 3 :

 3 Characterisation of clusters based on factors from birth to post-natal period (2 months).
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Characterisation of clusters based on factors in infancy (ages 1 and 2)
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	1-3 agonists (SABA):	3796 (39.9%)	2531	752 (46.7%)	402 (41.3%)	111 (40.8%)	
	Salbutamol (Ventolin),		(38%)				
	4-12 Terbutaline (Bricanyl),	1876 (19.7%)	101	548 (34.1%)	249 (25.6%)	64 (23.5%)	
	Airomir		(15.2%)				
	Characteristics >12	Frequency 417 (4.4%)	A 173 (2.6%)	B 147 (9.1%)	C 78 (8%)	D 19 (7%)	p-value
	Frequency of Sleep Inhaled corticosteroids	N=9,517 (%) 903 (9.5%)	(n=6663) 254 (3.8%)	(n=1609) 479 (29.8%)	(n=973) 141 (14.5%)	(n=272) 29 (10.7%)	<0.0001 <0.0001
	disturbance due to (ICS) : Beclometasone,		70%	16.9%	10.2%	2.9%)	
	AGE 1 YEAR wheezing Budesonide						
	Sex None (Pulmicort),	8363 (87.9%)	6188	1176 (73.1%)	763 (78.4%)	236 (86.8%)	<0.0001
	Male Fluticasone (Flixotide),	4771 (50.1%)	3126 (92.9%)	979 (60.9%)	516 (53%)	150 (55.2%)	
	1 night / week Beclomethasone	845 (8.9%)	(46.9%) 380 (5.7%)	308 (19.1%)	134 (13.8%)	23 (8.5%)	
	Female Exposure to tobacco smoke* Mother smokes Father smokes Number of Siblings None 1 ≥2 Mother's Employment status* Multiple nights / week dipropionate(Becotide), Feeding difficulties due to respiratory issues Beclospin Long-acting beta-agonists (LABA) Clinical profile* Bronchiolitis and/or ICS **: Formoterol Episodes of (Formoair), Salmeterol + Fluticasone bronchiolitis <3 (Seretide) Nebulisers ≥3 Adrenaline** Antibiotic treatment Hypertonic saline serum Frequency of antibiotic Oral medications Oral corticosteroids : treatments None Betamethasone, Prednisolone	4746 (49.9%) 2108 (22.2%) 2610 (27.4%) 4275 (44.9%) 3560 (37.4%) 1682 (17.7%) 309 (3.3%) 2884 (30.3%) 28 (0.3%) 2592 (27.2%) 2116 (22.2%) 476 (5%) 18 (0.2%) 5722 (60.1%) 59 (0.6%) 3795 (40%)	3537 (53.1%) 1462 (21.9%) 1800 (27%) 3210 (48.2%) 2333 (35%) 1120 (16.8%) 95 (1.4%) 1571 10 (0.2%) (23.6%) 1059 (15.9%) 980 (14.7%) 79 (1.2%) 5 (0.1%) 3658 30 (0.5%) (54.9%) 3005 (45.1%)	630 (39.2%) 402 (25%) 507 (31.5%) 637 (39.6%) 678 (42.1%) 294 (18.3%) 125 (7.77%) 773 (48%) 13 (0.8%) 1042 (64.8%) 757 (47.1%) 285 (17.7%) 9 (0.6%) 1240 (77.1%) 15 (0.9%) 369 (22.9%)	457 (47%) 187 (19.2%) 237 (24.4%) 294 (30.2%) 466 (47.9%) 213 (21.9%) 76 (7.81%) 423 (43.5%) 5 (0.5%) 410 (42.1%) 315 (32.4%) 95 (9.8%) 1 (0.1%) 664 (68.2%) 11 (1.3%) 309 (31.8%)	122 (44.9%) 57 (21%) 66 (24.3%) 134 (49.3%) 83 (30.5%) 55 (20.2%) 13 (4.8%) 117 (43%) -81 (29.8%) 64 (23.5%) 3 (1.1%) 17 (6.3%) 160 (58.8%) 3 (1.1%) 112 (41.2%)	0.0053 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0128 <0.0001 <0.0001
	Employed 1	7641 (80.3%) 2356 (24.8%)	5378 1687	1325 (82.4%) 382 (23.7%)	741 (76.2%) 228 (23.4%)	197 (72.4%) 59 (21.7%)	
			(80.7%) (25.3%)				
	Unemployed ≤3	799 (8.4%) 2200 (23.1%)	571 (8.6%) 1380	116 (7.2%) 487 (30.3%)	86 (8.8%) 268 (27.5%)	26 (9.6%) 65 (23.9%)	
	Other(retired/	752 (7.9%)	478 (7.2%) (20.7%)	122 (7.6%)	114 (11.7%)	38 (14%)	
	homemaker) >3	1156 (12.2%) 586 (8.8%)	369 (22.9%)	165 (17%)	36 (13.2%)	
	Student Emergency	325 (3.4%) 767 (8.1%)	236 (3.5%) 259 (3.9%)	46 (2.9%) 310 (19.3%)	32 (3.3%) 163 (16.8%)	11 (4%) 35 (12.9%)	<0.0001
	Primary form of child consultation for						<0.0001
	care* respiratory issues						
	At home Medical consultation	3227 (33.9%) 5948 (62.5%)	2276 3662	473 (29.4%) 1418 (88.1%)	368 (37.8%) 691 (71%)	110 (40.4%) 177 (65.1%)	<0.0001
	for respiratory issues		(34.2%) (55%)				
	Other ( including Received oxygen	6226 (65.4%) 145 (1.5%)	4338 27 (0.4%)	1126 (70%) 82 (5.1%)	603 (62%) 29 (3%)	159 (58.5%) 7 (2.6%)	<0.0001
	nursery) therapy during		(65.1%)				
	Symptom profile* hospitalisation for						
	Eczema respiratory issues	1734 (18.2%)	1111	303 (18.8%)	217 (22.3%)	103 (37.9%)	<0.0001
	Respiratory symptoms	2667 (28%)	(16.7%) 1106	1068 (66.4%)	402 (41.3%)	91 (33.5%)	<0.0001
	Rhinitis requiring respiratory	5923 (62.2%)	3878 (16.6%)	1157 (71.9%)	708 (72.8%)	180 (66.2%)	<0.0001
	physiotherapy sessions		(58.2%)				
	Cough Doctor regularly	6372 (67%)	3951	1470 (91.4%)	766 (78.7%)	185 (68%)	<0.0001 0.0040
	consulted*		(59.3%)				
	Frequency of cough General practitioner	5512 (57.9%)	3799	1008 (62.7%)	548 (56.3%)	157 (57.7%)	<0.0001
	episodes		(57%)				
	1-3 Pediatrician	3785 (39.8%) 3678 (38.7%)	2598 2617	674 (41.9%) 566 (35.2%)	400 (41.1%) 390 (40.1%)	113 (41.5%) 105 (38.6%)	
			(39%) (39.3%)				
	4-12 Specialists consulted*	1959 (20.6%)	1061	596 (37%)	251 (25.8%)	51 (18.8%)	
	Dermatologist	603 (6.3%)	(15.9%) 386 (5.8%)	106 (6.6%)	67 (6.9%)	44 (16.2%)	<0.0001
	>12 Pulmonologist	628 (6.6%) 140 (1.5%)	292 (4.4%) 27 (0.4%)	200 (12.4%) 67 (4.2%)	115 (11.8%) 38 (3.9%)	21 (7.7%) 8 (2.9%)	<0.0001
	Food allergy Allergy specialist	109 (1.2%) 227 (2.4%)	58 (0.9%) 113 (1.7%)	20 (1.2%) 49 (3.1%)	13 (1.3%) 38 (3.9%)	18 (6.6%) 27 (9.9%)	<0.0001 <0.0001
	Wheezing Hospitalisation for	1964 (20.6%)	-	1608 (99.9%)	284 (29.2%)	72 (26.5%)	<0.0001 0.0239
	Frequency of wheezing the below*						0.0060
	episodes Asthma attacks	30 (0.3%)	1 (0.02%)	20 (1.24%)	8 (0.8%)	1 (0.4%)	
	1-3 Bronchiolitis	1471 (15.5%) 166 (1.7%)	-41 (0.6%)	1230 (76.4%) 84 (5.2%)	191 (19.6%) 34 (3.5%)	50 (18.4%) 7 (2.6%)	
	4-12 Bronchitis	391 (4.1%) 6 (0.1%)	-2 (0.03%)	297 (18.5%) 1 (0.06%)	74 (7.6%) 3 (0.3%)	20 (7.4%) -	
	>12 Pneumonia	102 (1.1%) 11 (0.1%)	-2 (0.03%)	81 (5%) 6 (0.4%)	19 (2%) 1 (0.1%)	2 (0.7%) 2 (0.7%)	
	Dyspnoea due to	6089 (64%)	3719	1447 (89.9%)	729 (74.9%)	194 (71.3%)	<0.0001
	wheezing Medication history*		(55.8%)				
	Frequency of dyspnic Inhaled medications						<0.0001
	episodes Short-acting beta-	1744 (18.3%)	531 (8%)	901 (56%)	255 (26.2%)	57 (21%)	<0.0001

Table 4 :

 4 Characterisation of clusters based on factors in infancy (ages 1 and 2). Note: * in the past 12 months **fisher's exact test (p<0.05)

		3%)	282 (4.2%)	283 (17.6%)	102 (10.5%)	27 (9.9%)	<0.0001
	Leukotrine receptor	35 (0.4%)	7 (0.1%)	18 (1.1%)	8 (0.8%)	2 (0.7%)	<0.0001
	antagonist (LRTA)** :						
	Montelukast , Singulair						
	Antihistamine**	6 (0.1%)	1 (0.02%)	3 (0.19%)	2 (0.2%)	-	0.0342
	Use of inhaled	2393 (25.1%)	927	1053 (65.4%)	334 (34.3%)	79 (29%)	<0.0001
	medication* to		(13.9%)				
	improve breathing in						
	the past 12 months						
	(home/hospital)						
	Use of any 1 of the	283 (3%)	39 (0.6%)	167 (10.4%)	60 (6.2%)	17 (6.3%)	<0.0001
	following for						
	respiratory issues*:						
	Ventolin, Becotide,						
	flixotide pulmicort,						
	bricanyl						
	Vitamin D*	7602 (80%)	5343	1286 (80%)	776 (79.8%)	197 (72.4%)	0.0203
	supplementation taken		(80.2%)				
	by child						
	Homeopathic*	1182 (12.4%)	777	239 (14.9%)	118 (12.1%)	48 (17.7%)	0.0002
	treatment		(11.7%)				
	Naturopathic*	165 (1.7%)	99 (1.5%)	37 (2.3%)	18 (1.9%)	11 (4%)	0.0029
	treatment						
	AGE 2 YEARS	Frequency	A (n=6663	B (n=1609,	C (n=973,	D (n=272,	P value
	VACCINATION	(%) N=9517	, 70%)	16.9%)	10.2%)	2.9%)	
	PROFILE AT AGE 2						
	(extracted from						
	carnet de sante)						
	Flu (Influenza)	56 (0.6%)	18 (0.3%)	26 (1.6%)	10 (1%)	2 (0.7%)	<0.0001
	Pneumococcal	5790 (60.8%)	4123	956 (59.4%)	569 (58.5%)	142 (52.2%)	0.0017
	conjugate vaccine (		(61.9%)				
	PCV13)						
	Pertussis/ Whooping	5921 (62.2%)	4221	971 (60.4%)	580 (59.6%)	149 (54.8%)	0.0016

Characterisation of clusters based on factors at age 5

  

	allergy						
	None	9245 (97.1%)	6663 (100%)	1609 (100%)	973 (100%)		<0.0001
	Milk/ peanut/ egg	137 (1.4%)	-	-	-	137 (50.4%)	
	Fish/Soy/ exotic	129 (1.4%)	-	-	-	129 (47.4%)	
	fruit/ others						
	Clinical profile*						
	Specialists						
	consulted						
	Pediatrician	3052 (32.1%)	2100 (31.5%)	543 (33.8%)	315 (32.4%)	94 (34.6%)	0.2807
	Dermatologist	199 (2.1%)	135 (2%)	36 (2.2%)	18 (1.9%)	10 (3.7%)	0.2701
	Pulmonologist	166 (1.7%)	82 (1.2%)	50 (3.1%)	25 (2.6%)	9 (3.3%)	<0.0001
	Allergy specialist	217 (2.3%)	106 (1.6%)	32 (2%)	12 (1.2%)	67 (24.6%)	<0.0001
	Emergency	361 (3.8%)	188 (2.8%)	93 (5.8%)	49 (5%)	31 (11.4%)	<0.0001
	consultation due						
	to wheezing						
	Frequency of ER						<0.0001
	consultations due						
	to wheezing						
	None	9141 (96.1%)	6467 (97.1%)	1515 (94.2%)	919 (94.5%)	240 (88.2%)	
	1	222 (2.3%)	116 (1.7%)	60 (3.7%)	30 (3.1%)	16 (5.9%)	
	≥2	139 (1.5%)	72 (1.1%)	33 (2.1%)	19 (2%)	15 (5.5%)	
	Hospitalization	189 (2%)	102 (1.5%)	50 (3.1%)	22 (2.3%)	15 (5.5%)	<0.0001
	due to wheezing						
	Frequency of						<0.0001
	Characteristics hospitalization due to wheezing None 1 AGE 5 YEARS Sex ≥2 Male Percentiles at age Female 5 Pets Percentiles School (based on WHO standards of attendance Regular Height based Irregular or none BMI kg/m 2 ) BOYS Symptom Underweight profile* Eczema ever (≤13.1) Rhinitis ever Normal (13.1-Cough ≤16.7) Food allergy Wheezing Wheezing and (>16.7 -<17.7) overweight Risk of	Frequency (%) N=9,517 9321 (97.9%) 143 (1.5%) 46 (0.5%) 4778 (50.2%) 4739 (49.8%) 1254 (13.2%) 9425 (99%) 92 (1%) 194 (4.1%) 2655 (27.9%) 1124 (11.8%) 2272 (47.6%) 2727 (28.7%) 272 (2.9%) 1032 (10.8%) 285 (6%)	A (n=6663) 70% 6555 (98.4%) 78 (1.2%) 24 (0.4%) 3136 (47.1%) 3527 (52.9%) 897 (13.5%) 6603 (99.1%) 60 (0.9%) 117 (39.2%) 1731 (26%) 692 (10.4%) 1528 (48.7%) 1744 (26.2%) -554 (8.3%) 186 (5.9%)	B (n=1609) 16.9% 1559 (96.9%) 38 (2.4%) 12 (0.8%) 977 (60.7%) 632 (39.3%) 216 (13.4%) 1597 (99.3%) 12 (0.8%) 41 (4.2%) 475 (29.5%) 211 (13.1%) 440 (45%) 534 (33.2%) -275 (17.1%) 66 (6.8%)	C (n=973) 950 (97.6%) 10.2% 17 (1.8%) 5 (0.5%) 516 (53%) 457 (47%) 110 (11.3%) 961 (98.8%) 12 (1.2%) 27 (5.2%) 309 (31.8%) 142 (14.6%) 236 (45.7%) 323 (33.2%) -132 (13.6%) 27 (5.2%)	D (n=272) 2.9% 257 (94.5%) 10 (3.7%) 5 (1.8%) 149 (54.8%) 123 (45.2%) 31 (11.4%) 264 (97.1%) 8 (2.9%) 9 (6%) 140 (51.5%) 79 (29%) 68 (45.6%) 126 (46.3%) 272 (100%) 71 (26.1%) 6 (4%)	p-value <0.0001 0.0364 0.0048 0.0039 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
	attacks 0-3 attacks 4-12 attacks (> 17.7) Overweight	817 (8.6%) 186 (2%) 150 (3.1%)	454 (6.8%) 85 (1.3%) 76 (2.4%)	219 (13.6%) 48 (3%) 44 (4.5%)	99 (10.2%) 29 (3%) 24 (4.7%)	24 (8.8%) 45 (16.5%) 6 (4%)	
	>12 attacks	26 (0.3%)	12 (0.2%)	8 (0.5%)	4 (0.4%)	2 (0.7%)	
	No wheezing and	8485 (89.2%)	6109 (91.7%)	1334 (82.9%)	841 (86.4%)	201 (73.9%)	
	attacks						
	Dyspnoea due to	224 (2.4%)	120 (1.8%)	52 (3.2%)	32 (3.3%)	20 (7.4%)	<0.0001
	wheezing						
	Frequency of						<0.0001
	Sleep disturbance						
	due to wheezing						
	None	9128 (95.9%)	6478 (97.2%)	1499 (93.2%)	914 (93.9%)	237 (87.1%)	
	1 night / week	268 (2.8%)	129 (1.9%)	73 (4.5%)	39 (4%)	27 (9.9%)	
	Multiple nights /	121 (1.3%)	56 (0.8%)	37 (2.3%)	20 (2.1%)	8 (2.9%)	
	week						
	Speech	93 (1%)	53 (0.8%)	18 (1.1%)	9 (0.9%)	13 (4.8%)	<0.0001
	impairment due to						
	wheezing						
	Asthma ever	1362 (14.3%)	658 (9.9%)	430 (26.7%)	180 (18.5%)	94 (34.6%)	<0.0001

Table 5 :

 5 Characterisation of clusters based on factors at age 5. Note: * in the past 12 months

TABLES Univariate analysis of 7 symptoms across 3 times with asthma at age 5

  1.8-2.0) absence of symptoms for 6 symptoms (eczema, cough, allergy, rhinitis, wheeze and dyspnoea) and for sleep disturbance 0.0=none, 1.0=at least 1 night / week and 2.0=multiple nights / week.

	Symptom profile at the 3 defined	Frequency (%)	Asthma	No Asthma	p-value
	time points	N=9,517	n= 1362 (14.3%)	n=8155 (85.7%)	
	Symptom profile at age 2				
	months				
	Eczema	1462 (15.4%)	271 (19.9%)	1191 (14.6%)	<.0001
	Rhinitis	887 (9.3%)	165 (12.1%)	722 (8.9%)	0.0001
	Cough	2277 (23.9%)	404 (29.7%)	1873 (23%)	<.0001
	Food allergy	118 (1.2%)	29 (2.1%)	89 (1.1%)	0.0014
	Wheezing	478 (5%)	108 (7.9%)	370 (4.5%)	<0.0001
	Dyspnoea due to wheezing	3207 (33.7%)	531 (39%)	2676 (32.8%)	<0.0001
	Frequency of Sleep disturbance				<0.0001
	due to wheezing				
	None	8344 (87.7%)	1142 (83.9%)	7202 (88.3%)	
	1 night / week	371 (3.9%)	58 (4.3%)	313 (3.8%)	
	Multiple nights / week	802 (8.4%)	162 (11.9%)	640 (7.9%)	
	Symptom profile at age 1 1				
	Eczema	1734 (18.2%)	371 (27.2%)	1363 (16.7%)	<0.0001
	Rhinitis	5923 (62.2%)	918 (67.4%)	5005 (61.4%)	<0.0001
	Cough	6372 (67%)	1032 (75.8%)	5340 (65.5%)	<0.0001
	Food allergy	109 (1.2%)	31 (2.3%)	78 (1%)	<0.0001
	Wheezing	1964 (20.6%)	561 (41.2%)	1403 (17.2%)	<0.0001
	Dyspnoea due to wheezing	6089 (64%)	983 (72.2%)	5106 (62.6%)	<0.0001
	Frequency of Sleep disturbance				<0.0001
	due to wheezing				
	None	8363 (87.9%)	1069 (78.5%)	7294 (89.4%)	
	1 night / week	845 (8.9%)	182 (13.4%)	663 (8.1%)	
	Multiple nights / week	309 (3.3%)	111 (8.2%)	198 (2.4%)	
	Symptom profile at age 5 2				
	Eczema 3	2655 (27.9%)	550 (40.4%)	2105 (25.8%)	<0.0001
	Rhinitis 4	1124 (11.8%)	376 (27.6%)	748 (9.2%)	<0.0001
	Cough	2727 (28.7%)	708 (52%)	2019 (24.8%)	<0.0001
	Food allergy	272 (2.9%)	94 (6.9%)	178 (2.2%)	<0.0001
	Wheezing	1032 (10.8%)	577 (42.4%)	455 (5.6%)	<0.0001
	Dyspnoea due to wheezing	224 (2.4%)	172 (12.6%)	52 (0.6%)	<0.0001
	Frequency of Sleep disturbance				<0.0001
	due to wheezing				
	None	9128 (95.9%)	1100 (80.8%)	8028 (98.4%)	
	1 night / week	268 (2.8%)	175 (12.9%)	93 (1.1%)	
	Multiple nights / week	121 (1.3%)	87 (6.4%)	34 (0.4%)	
	Table				

Table 2 :

 2 Eczema and rhinitis ever Non-significant characteristics from birth to age 5
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.82%) PASSIVE SMOKING Exposed to tobacco smoke in home during pregnancy (hours/day)

  Associations between housing characteristics, repairs and renovations at home, use of various pesticides, lice treatment and pet ownership, and clusters in the postnatal period have been shown in Table11. Briefly, overcrowding and ventilation in the bathroom showed an association with Cluster C. Contrastingly, less inhabitants was statistically significant in Cluster A. Pet ownership in early life showed an association with Cluster B. Repairs and renovations (other than the ones listed), lice treatment of varying frequencies and owning a rabbit/hamster/ guinea pig were statistically significant in Cluster D. Associations between exposures in the postnatal period (2 months) and clusters.Clinical and symptom profiles in the clusters, between the ages of 2 -3.5, and pet ownership from birth to age 3.5 have been shown in Table12. The statistically significant findings (p<0.05) seen in the clusters are briefly described: Cluster A-current pet ownership, Cluster B -episodic and/or no use of inhalers and bronchodilators at age 2, frequent day cough Clinical and symptom profiles in the clusters, between the ages of 2 -3.5.

	15-25 Wood doors Form of pesticide Spouse or Professional >100 m 2 Repair or change of windows / Multiple times Self • Exposures/ factors at age 5 F	1180 (25.5%) 642 (13.9%) 229 (5%) 161 (4.9%) 838 (25.7%) (15.4%) 491 91 (11.9%) 188 (24.5%) 32 (4.2%) 60 (1.3%) 40 (1.2%) 11 (1.4%) (77.5%) (79.4%) 526 (11.4%) 359 (11%) 95 (12.4%) 111 (2.4%) 75 (2.3%) 23 (3%) 158 (3.4%) 105 (3.2%) 32 (4.2%)	124 (26.1%) 30 (24.6%) 38 (8%) 22 (18%) 29 (6.1%) (5.7%) 0.4438 0.5849 8 (1.7%) 1 (0.8%) 58 (12.2%) (11.5%) 0.6774 11 (2.3%) (1.6%) 15 (3.2%) 6 (4.9%)
	>25 Plastic (linoleum) Wall or ceiling insulation Spray Frequency / year* (fisher	F	58 (1.3%) 306 (6.6%) 784 (17%) 725 (15.7%)	44 (1.4%) (15.1%) 211 (6.5%) 48 (6.3%) 6 (0.8%) 534 131 510 120	6 (1.3%) 38 (8%) 95 (20%) 76 (16%)	2 (1.6%) (7.4%) (19.7%) (15.6%)	0.5677 0.2181 0.5711
	Weight gained according to IOM guideline (Based on maternal pre-pregnancy BMI) 12.5-18.0 kg for underweight 11.5-16.0 kg for normal weight 7.0-11.5 kg for overweight 5.0-9.0 kg for obese) >3 inhabitants in listed surface area (m 2 ) of dwelling <40 m 2 40-<70 m 2 70-100 m 2 >100 m 2 Difficulties in dwelling Heating Any one (Cement/ Rush/ Carpet/Stone/Other) Wall covering materials Tiles Roughcast Wall paper Paint Stone Plaster Construction / knocking out of walls Other repairs or renovations Repair/ Renovations in child's bedroom during pregnancy Installation of Carpet *(fisher exact ) Panelling/Wood panels Liquid Pellets/Powder/Other Person applying Self Partner/Family member / Professional INDOOR PLANTS Use of pesticide exact) Once or twice Multiple times FORM Liquid (syringe/brush) Tableau 12: Time points and Characteristics Spray/Sprayer/Other 2 years *Information taken from PESTICIDES TO TREAT PETS AGAINST FLEAS Health booklet Rx with ICS Regular AND TICKS Person applying Episodic Self None	M+F F F M F F F F F F	M Frequency (%) 118 (2.6%) 1494 (32.3%) 249 (5.4%) 126 (2.7%) 14 (0.3%) 11 (0.3%) 81 (2.5%) 1067 (32.8%) 185 (5.7%) 85 (2.6%) 1 (0.1%) 18 (2.4%) 251 (32.8%) 45 (5.9%) 27 (3.5%) 129 (2.8%) 96 (3%) 15 (2%) 16 (3.4%) 14 (2.9%) 147 (30.9%) 29 (23.8%) 5 (4.1%) 16 (3.4%) 3 (2.5%) 10 (2.1%) 4 (3.3%) <.0001 0.2054 2 (0.4%) 0 (1.6%) 923 (20%) 614 (18.9%) 168 (21.9%) 121 (25.4%) (16.4%) 1634 (35.4%) 1098 (33.7%) 298 (38.9%) 190 (39.9%) (39.3%) 478 (10.3%) 329 76 (9.9%) 58 (12.2%) (12.3%) 0.4575 78 (1.7%) 55 (1.7%) 12 (1.6%) 10 (2.1%) (0.8%) 0.7496 960 (20.8%) 674 (20.7%) 163 (21.3%) 101 (21.2%) 22 (18%) 0.8151 118 (2.6%) 82 (2.5%) 25 (3.3%) 8 (1.7%) (2.5%) 0.4131 446 (9.7%) 319 (9.8%) 69 (9%) 43 (9%) (12.3%) 0.6771 2433 (52.6%) 1708 (52.4%) 407 (53.1%) 255 (53.6%) (51.6%) 0.8484 87 (1.9%) 58 (1.8%) 10 (1.3%) 16 (3.4%) (2.5%) 0.0524 620 (13.4%) 429 106 64 (13.5%) (17.2%) 0.6653 (16.4%) (17.1%) 673 (14.6%) 459 (14.1%) 120 (15.7%) 81 (17%) (10.7%) 0.1619 766 (16.6%) 513 (15.8%) 140 (18.3%) 83 (17.4%) 30 (24.6%) 0.0274 1386 (30%) 970 (29.8%) 248 (32.3%) 136 (28.6%) (26.2%) 0.3302 31 (0.7%) 20 (0.6%) 6 (0.8%) 5 (1.1%) 0 0.5726 77 (1.7%) 52 (1.6%) 13 (1.7%) 9 (1.9%) 3 (2.5%) 0.8692 (15.7%) (15.7%) 45 (1%) 31 (1%) 8 (1%) 3 (0.6%) (2.5%) 68 (1.5%) 45 (1.4%) 16 (2.1%) 4 (0.8%) (2.5%) 0.5337 730 (15.8%) 510 (15.7%) 121 (15.8%) 75 (15.8%) (19.7%) 113 (2.4%) 78 (2.4%) 25 (3.3%) 9 (1.9%) (0.8%) 3095 (67%) 2203 (67.6%) 502 (65.5%) 308 (64.7%) (67.2%) 0.3984 62 (1.3%) 41 (1.3%) 9 (1.2%) 10 (2.1%) (1.6%) 0.4553 204 (4.4%) 135 (4.1%) 41 (5.4%) 22 (4.6%) 6 (4.9%) 13 (0.3%) 9 (0.3%) 2 (0.3%) 1 (0.2%) 1 (0.8%) 0.9103 119 (2.6%) 80 (2.5%) 22 (2.9%) 13 (2.7%) A (n=3258 , B (n=766, C (n=476, D (n=122, P N=4622 70.5%) 16.6%) 10.3%) 2.6%) value 4 (3.3%) 91 (2%) 60 (1.8%) 19 (2.5%) 9 (1.9%) 3 (2.5%) 1262 (27.3%) 890 (27.3%) 228 108 (22.7%) 36 (29.5%) 0.0767 (29.8%) 183 (4%) 66 (2%) 70 (9.1%) 33 (6.9%) (11.5%) <.0001 357 (7.7%) 158 (4.9%) 138 (18%) 44 (9.2%) (13.9%) <.0001 0.2647 733 (15.9%) 516 136 65 (13.7%) 16 (13.1%) 489 (10.6%) 305 (9.4%) 122 (15.9%) 50 (10.5%) 12 (9.8%) <.0001
	Wall paper /Tapesteries Treatment of* (fisher exact) Rx with Bronchodilators	F	388 (8.4%)	(10.1%) (13.2%) 280 (8.6%) (15.8%)	(13.8%) 63 (8.2%) (17.8%)			31 (6.5%)	(11.5%)	0.2729 0.1925
	Humidity Tapestry Fibre glass Insects Spouse or other family Regular	F	132 (2.9%) 262 (5.7%) 90 (2%) 45 (1%) 495 (10.7%) 116 (2.5%)	96 (3%) 185 (5.7%) 61 (1.9%) 31 (1%) 348 45 (1.4%)	21 (2.7%) 49 (6.4%) 13 (1.7%) 8 (1%) 88 (11.5%) 41 (5.4%)			13 (2.7%) 23 (4.8%) 14 (2.9%) 5 (1.1%) 40 (8.4%) 22 (4.6%) 19 (15.6%) (1.6%) (4.1%) 2 (1.6%) (0.8%) (6.6%) 0.8470 0.6066 0.4121	<.0001
	Mold on walls Fibre glass Wall painting Diseases/Other member Episodic	F	124 (2.7%) 111 (2.4%) 1219 (26.4%) 17 (0.4%) 459 (9.9%)	86 (2.6%) 81 (2.5%) 859 10 (0.3%) (10.7%) 189 (5.8%)	22 (2.9%) 19 (2.5%) 215 1 (0.1%) 184 (24%)	15 (3.2%) 10 (2.1%) 118 (24.8%) (22.1%) (0.8%) (0.8%) 5 (1.1%) (0.8%) 68 (14.3%) (14.8%) 0.5418 0.6545 0.4108	<.0001
	PRE AND PERINATAL PERIOD MATERNAL HEALTH AND HABITS Mental health of mother during pregnancy Persistent psychological difficulties during pregnancy Use of medicines for psychological difficulties during  Pesticide use in the past 12 Any one (Panelling/Wood Frequency of Professional None Exposures/ factors during the postnatal period Response by Mother (M) or Father (F) Frequency in analytical sample (%) N=4622 M 535 (11.6%) M 50 (1.1%) F 302 (6.5%) 208 (6.4%) A (n=3258 , 70.5%) 357 (11%) 32 (1%) 54 (7.1%) B (n=766, 16.6%) 95 (12.4%) 10 (1.3%) 32 (6.7%) C (n=476, 10.3%) 67 (14.1%) 7 (1.5%) 272 (5.9%) 185 (5.7%) 46 (6%) 33 (6.9%) (26.4%) (28.1%) F 34 (0.7%) 26 (0.8%) 4 (0.5%) 3 (0.6%) 1 (0.8%) D (n=122, 2.6%) 16 (13.1%) 1 (0.8%) (6.6%) 0.9278 P value 0.1779 0.7004 (6.6%) 0.7010 0.3787 420 (9.1%) 276 (8.5%) 94 (12.3%) 39 (8.2%) 11 (9%) 0.0099 months for fruit or vegetable patch at home Form of pesticide F panels /PVC/Plastic /Other) Bathroom Plastic coverings 96 (2.1%) 67 (2.1%) 17 (2.2%) 10 (2.1%) 2 (1.6%) 0.9777 Floor linoleum 64 (1.4%) 50 (1.5%) 7 (0.9%) 7 (1.5%) 0 application/year *(fisher Frequency / year F 0.2930 3 YEARS* Responses by mother 0.3183 exact) Once or twice 846 (18.3%) 597 149 76 (16%) 24 (19.7%) /father 0.3098 Spray/ Liquid 260 (5.6%) 176 (5.4%) 50 (6.5%) 29 (6.1%) (4.1%) Pellets/ Powder/other 42 (0.9%) 32 (1%) 4 (0.5%) 3 (0.6%) (2.5%) Frequency of pesticide application (per year) F 0.7472 At least once 236 (5.1%) 162 (5%) 41 (5.4%) 28 (5.9%) (4.1%) Multiple times 66 (1.4%) 46 (1.4%) 13 (1.7%) 4 (0.8%) (2.5%) Running hot water *(fisher exact ) F 4148 (89.7%) 2920 (89.6%) 692 (90.3%) 424 (89.1%) 0 0.8352 Collective heating (is this central heating??) F 465 (10.1%) 310 (9.5%) 87 (11.4%) 56 (11.8%) 12 (9.8%) 0.2413 Ventilation F 655 (14.2%) 437 (13.4%) 120 (15.7%) 83 (17.4%) (12.3%) 0.0499 Floor covering materials F Tiles 3368 (72.9%) 2368 (72.7%) 573 (74.8%) 339 (71.2%) (72.1%) 0.6098 Wood 356 (7.7%) 242 (7.4%) 55 (7.2%) 43 (9%) (13.1%) 0.0755 Plastic (linoleum) 409 (8.9%) 292 (9%) 64 (8.4%) 43 (9%) 10 (8.2%) 0.9257 Any one (Cement/Rush/ Carpet/Stone/Other) 83 (1.8%) 59 (1.8%) 13 (1.7%) 11 (2.3%) 0 0.3790 Wall covering materials F Tiles 2988 (64.7%) 2120 485 311 (65.3%) 72 (59%) 0.1984 Sanding and varnishing of 153 (3.3%) 100 (3.1%) 27 (3.5%) 21 (4.4%) 5 (4.1%) 0.4331 Once/twice 45 (1%) 28 (0.9%) 8 (1%) 8 (1.7%) (0.8%) (18.3%) (19.5%) Eczema flare-ups in the past 12 months 698 (15.1%) 441 (13.5%) 124 (16.2%) 90 (18.9%) (35.3%) <.0001 wooden floors PVC windows 163 (3.5%) 111 (3.4%) 23 (3%) 25 (5.3%) 4 (3.3%) 0.1760 Wooden floors 453 (9.8%) 319 (9.8%) 79 (10.3%) 44 (9.2%) 11 (9%) 0.9233 Other repairs or renovations 252 (5.5%) 173 (5.3%) 42 (5.5%) 30 (6.3%) 7 (5.7%) 0.8456 Presence of pregnant mother in dwelling during repair/renovation M 2088 (45.2%) 1472 (45.2%) 348 (45.4%) 217 (45.6%) (41.8%) 0.8850 Participation of the pregnant mother in repair/renovation M 1041 (22.5%) 739 (22.7%) 177 (23.1%) 99 (20.8%) (21.3%) 0.7514 Multiple 17 (0.4%) 13 (0.4%) 1 (0.1%) 2 (0.4%) (0.8%) Form of pesticide*(fisher exact) F 0.4056 Spray 52 (1.1%) 33 (1%) 9 (1.2%) 8 (1.7%) (1.6%) Liquid/Pellets/Other 10 (0.2%) 8 (0.3%) 0 2 (0.4%) 0 PESTICIDES AGAINST FLYING INSECTS (flies, mosquitoes, bees, wasps, hornets or moths) F 1127 (24.4%) 783 (24%) 186 (24.3%) 123 (25.8%) (28.7%) 0.5464 Frequency/ year F 0.7678 Multiple times 414 (9%) 292 (9%) 78 (10.2%) 32 (6.7%) 12 (9.8%) FORM F Respiratory symptoms (e.g. Cough, 0.1378 Spray 138 (3%) 102 (3.1%) 26 (3.4%) 10 (2.1%) dyspnea or wheezing episode) in the last 2556 (55.3%) 1718 (52.7%) 475 (62%) 279 (58.6%) (68.9%) <.0001 0 Collar 113 (2.4%) 72 (2.2%) 22 (2.9%) 15 (3.2%) 12 months 4 (3.3%) Pipette 924 (20%) 661 (20.3%) 160 74 (15.6%) Duration of cough (days) <.0001 29 (23.8%) <5 289 (6.3%) 189 (5.8%) 60 (7.8%) 28 (5.9%) 12 (9.8%) (20.9%) Any one (Bath/Shampoo 81 (1.8%) 52 (1.6%) 18 (2.4%) 9 (1.9%) 5-10 462 (10%) 288 (8.8%) 101 (13.2%) 60 (12.6%) (10.7%) 2 (1.6%) >10 151 (3.3%) 86 (2.6%) 31 (4.1%) 25 (5.3%) (7.4%) /Powder/other) PESTICIDE TREATMENT FOR LICE /SCABIES F 397 (8.6%) 253 (7.8%) 70 (9.1%) 57 (12%) 0.0021 Frequency of cough episodes/ month 0.1311 17 (13.9%) Several times 40 (0.9%) 23 (0.7%) 12 (1.6%) 3 (0.6%) (1.6%) pregnancy Type of medications Alternate sources of heating F (65.1%) (63.3%) REGION OF M 1-2 558 (12.1%) 397 95 (12.4%) 51 (10.7%) (12.3%) (Self/children) ≤1 249 (5.4%) 166 (5.1%) 48 (6.3%) 25 (5.3%) 10 (8.2%) M Anti-anxiety * (fisher exact) 37 (0.8%) 25 (0.8%) 7 (0.9%) 4 (0.8%) 1(0.8%) 0.8696 Antidepressant * (fisher exact) 12 (0.3%) 9 (0.3%) 1 (0.1%) 2 (0.4%) 0 0.6870 ACTIVE SMOKING M Pre-pregnancy for at least a year 1783 (38.6%) 1252 (38.4%) 315 (41.1%) 173 (36.3%) 43 (35.3%) 0.3621 During pregnancy 640 (13.9%) 441 (13.5%) 135 (17.6%) 53 (11.1%) 11 (9%) 0.0025 3 rd TRIMESTER 486 (10.5%) 333 (10.2%) 105 (13.7%) 41 (8.6%) 7 (5.7%) 0.0045 Average no. of ciggs during 3 rd TRIMESTER/ week * (fisher exact with Monte-Carlo estimate of the exact p-value ) 0.0111 1-5 288 (6.2%) 202 (6.2%) 59 (7.7%) 24 (5%) 3 (2.5%) 6-10 116 (2.5%) 80 (2.5%) 28 (3.7%) 6 (1.3%) 2 (1.6%) 11-25 24 (0.5%) 12 (0.4%) 6 (0.78%) 5 (1.1%) 1 (00.0150 Never 4088 (88.5%) 2893 (88.8%) 662 (86.4%) 429 (90.1%) 104 (85.3%) <1 261 (5.7%) 176 (5.4%) 57 (7.4%) 17 (3.6%) 11 (9%) >1 143 (3.1%) 97 (3%) 32 (4.2%) 12 (2.5%) 2 (1.6%) Exposed to tobacco smoke outside home in a closed space during pregnancy (hours/day) 0.6463 Never 3937 (85.2%) 2782 (85.4%) 651 (85%) 399 (83.8%) 105 (86.1%) <1 464 (10%) 313 (9.6%) 85 (11.1%) 53 (11.1%) 13 (10.7%) >1 73 (1.6%) 54 (1.7%) 12 (1.6%) 7 (1.5%) 0 Pre-pregnancy BMI (WHO cut offs) M 0.1973 <18.50 -underweight 301 (6.5%) 203 (6.2%) 49 (6.4%) 36 (7.6%) 13 (10.7%) 18.50-24.9 -Normal 3054 (66.1%) 2157 (66.2%) 492 (64.2%) 326 (68.5%) 79 (64.8%) ≥25 -overweight 786 (17%) 558 (17.1%) 147 (19.2%) 66 (13.9%) 15 (12.3%) ≥30 -obese 434 (3.4%) 306 (9.4%) 75 (9.8%) 41 (8.6%) 12 (9.8%) Gestational weight gain (kgs) M 0.5501 <10 1201 (26%) 835 (25.6%) 195 (25.5%) 135 (28.4%) 36 (29.5%) 10-15 2080 (45%) 1474 (45.2%) 364 (47.5%) 195 (41%) 47 (38.5%) / fuel Electricity 2370 (51.3%) 1667 394 245 (51.5%) (52.5%) 0.9802 Wall paper 225 (4.9%) 167 (5.1%) 35 (4.6%) 18 (3.8%) (4.1%) 0.5775 Paint 1609 (34.8%) 1135 262 165 (34.7%) (38.5%) 0.8293 HABITATION (UDA Code) Mother 0.1251 (66.6%) 3-11 371 (8%) 254 (7.8%) 56 (7.3%) 47 (9.9%) (11.5%) Person applying F 0.0028 Self or Professional 60 (1.3%) 44 (1.4%) 10 (1.3%) 5 (1.1%) 1 (0.8%) Triggers of cough Cold (rhume) 817 (17.7%) 518 (15.9%) 171 (22.3%) 101 (21.2%) (22.1%) <.0001 Tableau 11: Exposures / Factors in the post natal period Response by Mother (M) or Father (F) Frequency (%) N=4622 A (n=3258 , 70.5%) B (n=766, 16.6%) C (n=476, 10.3%) D (n=122, P value (51.2%) (51.4%) Town or main gas 1292 (28%) 911 (28%) 207 (27%) 137 (28.8%) (30.3%) 0.7853 (34.8%) (34.2%) Plaster 312 (6.8%) 203 (6.2%) 63 (8.2%) 34 (7.1%) 12 (9.8%) 0.1215 Paris 794 (17.2%) 549 (16.9%) 136 (17.8%) 94 (19.8%) (12.3%) Frequency/ month 1-3 102 (2.2%) 68 (2.1%) 20 (2.6%) 10 (2.1%) (3.3%) Spouse 337 (7.3%) 209 (6.4%) 60 (7.8%) 52 (10.9%) 16 Running, nervousness , excitement 125 (2.7%) 69 (2.1%) 28 (3.7%) 20 (4.2%) (6.6%) 0.0005 (13.1%) 2.6%) 2 MONTHS TYPE OF DWELLING *(fisher exact with Monte Carlo Estimate for p value) M 0.8158 House 3759 (77.4%) 2536 (77.8%) 593 (77.4%) 356 (74.8%) 94 (77.1%) Appartment 1032 (22.3%) 714 (21.9%) 171 119 (25%) Wood 1117 (24.2%) 795 (24.4%) 199 (26%) 98 (20.6%) (20.5%) 0.1497 Fuel oil 390 (8.4%) 279 (8.6%) 65 (8.5%) 34 (7.1%) 12 (9.8%) 0.7497 Gas (bottle/tank) 180 (3.9%) 132 (4.1%) 32 (4.2%) 12 (2.5%) (3.3%) Petrol/Other 287 (6.2%) 204 (6.3%) 51 (6.7%) 29 (6.1%) (2.5%) 0.3462 DESCRIPTION OF ROOMS AT HOME Living room Ventilation *(fisher exact ) F 4 (0.1%) 2 (0.1%) 2 (0.3%) 0 0 0.2768 Tapestry 112 (2.4%) 76 (2.3%) 19 (2.5%) 11 (2.3%) (4.9%) 0.3539 Fibre glass 80 (1.7%) 59 (1.8%) 15 (2%) 6 (1.3%) 0 0.3765 Any one (Roughcast /Panelling/Carpet /Wood panels/ Stone/PVC/Plastic /Other) 291 (6.3%) 214 (6.6%) 43 (5.6%) 24 (5%) 10 (8.2%) 0.3952 Child's room Ventilation *(fisher exact ) F 5 (0.1%) 3 (0.1%) 1 (0.1%) 1 (0.2%) 0 0.4705 North 373 (8.1%) 252 (7.7%) 63 (8.2%) 43 (9%) (12.3%) East 463 (10%) 321 (9.9%) 82 (10.7%) 51 (10.7%) Frequency/week Frequency / year F 0.0084 Timing of cough <.0001 9 (7.4%) Paris basin east 399 (8.6%) 292 (9%) 58 (7.6%) 38 (8%) 11 (9%) Paris basin west 457 (9.9%) 330 (10.1%) 82 (10.7%) 41 (8.6%) 4 (3.3%) West 770 (16.7%) 538 (16.5%) 139 (18.2%) 75 (15.8%) (14.8%) South-west 391 (8.5%) 268 (8.2%) 63 (8.2%) 43 (9%) (13.9%) South-east 564 (12.2%) 403 89 (11.6%) 51 (10.7%) (17.2%) 1-6/week OR Once a day or more 81 (1.8%) 55 (1.7%) 13 (1.7%) 11 (2.3%) (1.6%) FORM F 0.3882 Spray 696 (15.1%) 480 (14.7%) 124 (16.2%) 72 (15.1%) (16.4%) Diffuser ( Electric/Non electric) 298 (6.5%) 206 (6.3%) 46 (6%) 38 (8%) (6.6%) Spiral/ Mothballs/ 131 (2.8%) 96 (3%) 15 (2%) 13 (2.7%) (5.7%) 1-2 259 (5.6%) 171 (5.3%) 41 (5.4%) 36 (7.6%) 11 (9%) Multiple times 137 (3%) 81 (2.5%) 29 (3.8%) 21 (4.4%) Night 109 (2.4%) 69 (2.1%) 18 (2.4%) 18 (3.8%) (3.3%) 6 (4.9%) PETS F 2144 (46.4%) 1525 (46.8%) 370 191 (40.1%) 58 (47.5%) Day and night 708 (15.3%) 439 (13.5%) 154 (20.1%) 89 (18.7%) (21.3%) 0.0439 Day 85 (1.8%) 55 (1.7%) 20 (2.6%) 6 (1.3%) (3.3%) (48.3%) Type of pet Wheezing in the past 12 months 582 (12.6%) 278 (8.5%) 177 (23.1%) 89 (18.7%) (31.2%) <.0001 F Cat 1307 (28.3%) 943 (28.9%) 220 109 (22.9%) 35 (28.7%) Frequency of wheezing /month <.0001 0.0675 ≤1 466 (10.1%) 230 (7.1%) 140 (18.3%) 68 (14.3%) 28 (23%) (28.7%) Dog 1011 (21.9%) 710 185 90 (18.9%) 26 (21.3%) 0.2372 >1 116 (2.5%) 48 (1.5%) 37 (4.8%) 21 (4.4%) 10 (8.2%) 28 (23%) Floor covering materials F Floor covering materials F (12.4%) Traps/ Other (21.8%) (24.2%) Triggers of wheeze (22.3%) Other 11 (0.2%) 8 (0.3%) 2 (0.3%) 1 (0.2%) Tile 2782 (60.2%) 1964 474 265 (55.7%) (64.8%) 0.1715 Tiles 346 (7.5%) 244 (7.5%) 57 (7.4%) 33 (6.9%) 12 (9.8%) 0.7097 Mediterranean 410 (8.9%) 305 (9.4%) 53 (6.9%) 40 (8.4%) 12 (9.8%) PESTICIDES AGAINST F 616 (13.3%) 432 100 69 (14.5%) (12.3%) 0.7953 Bird 74 (1.6%) 55 (1.7%) 8 (1%) 8 (1.7%) 3 (2.5%) 0.5159 Cold (rhume) 498 (10.8%) 231 (7.1%) 164 (21.4%) 73 (15.3%) (24.6%) <.0001 0 Garage F 2018 (43.7%) 1429 (43.9%) 340 186 (39.1%) 63 (51.6%) (60.3%) (61.9%) Wood 2424 (52.4%) 1748 388 224 (47.1%) (52.5%) 0.6196 Father 0.0971 CRAWLING INSECTS (13.3%) (13.1%) Hamster/ 251 (5.4%) 182 (5.6%) 35 (4.6%) 21 (4.4%) 13 0.0383 Running, nervousness, excitement 51 (1.1%) 16 (0.5%) 17 (2.2%) 11 (2.3%) (5.7%) <.0001 0.0913 Carpet 28 (0.6%) 17 (0.5%) 7 (0.9%) 3 (0.6%) (0.8%) 0.4434 (53.6%) (50.6%) Paris 778 (16.8%) 536 134 94 (19.8%) (11.5%) (ants, cockroaches, or Rabbit/ (10.7%) Wheezing accompanied by cough 432 (9.4%) 198 (6.1%) 128 (16.7%) 72 (15.1%) (27.9%) <.0001 (44.4%) Extractor hood F 0.5544 Filter sends air outside 1284 (27.8%) 900 (27.6%) 224 (29.2%) 133 (27.9%) 27 (22.1%) Outlet on exterior 1962 (42.5%) 1383 (42.5%) 322 (42%) 204 (42.9%) 53 (43.4%) No 925 (20%) 655 (20.1%) 150 (19.6%) 88 (18.5%) 32 (26.2%) Surface area (m 2 ) F 0.4168 <40 18 (0.4%) 14 (0.4%) 1 (0.1%) 3 (0.6%) 0 40-<70 295 (6.4%) 221 (6.8%) 39 (5.1%) 30 (6.3%) 5 (4.1%) 70-100 1584 (34.3%) 1117 (34.3%) 266 (34.7%) 164 (34.4%) 37 (30.3%) >100 2276 (49.2%) 1589 (48.8%) 389 (50.8%) 228 (47.9%) 70 (57.4%) No. of people living at home M <.0001 ≤3 1608 (34.8%) 1227 (37.7%) 232 (30.3%) *(fisher exact ) Wood 1086 (23.5%) 761 (23.4%) 171 (22.3%) 129 (27.1%) (20.5%) 0.1260 Stone *(fisher exact ) 28 (0.6%) 20 (0.6%) 3 (0.4%) 4 (0.8%) (0.8%) 0.5636 Plastic (linoleum) 247 (5.3%) 174 (5.3%) 42 (5.5%) 26(5.5%) (4.1%) 0.9250 Any one ( Cement/ Rush/ Cork/ Sisal/ Other) 76 (1.6%) 51 (1.6%) 14 (1.8%) 9 (1.9%) (1.6%) 0.9254 Wall covering materials F Roughcast 159 (3.4%) 115 (3.5%) 28 (3.7%) 12 (2.5%) (3.3%) 0.7248 Wall paper 632 (13.7%) 442 (13.6%) 96 (12.5%) 76 (16%) (14.8%) 0.3125 Paint 2405 (52%) 1609 (51.9%) 404 (52.7%) 247 (51.9%) (52.5%) 0.9901 Stone 117 (2.5%) 80 (2.5%) 19 (2.5%) 16 (3.4%) (1.6%) 0.5830 Plaster 537 (11.6%) 374 94 (12.3%) 57 (12%) 12 (9.8%) 0.8309 Plastic (linoleum) 334 (7.2%) 241 (7.4%) 53 (6.9%) 36 (7.6%) (3.3%) 0.3461 Carpet 80 (1.7%) 55 (1.7%) 14 (1.8%) 9 (1.9%) (1.6%) 0.9331 Any one (Cement/Rush/ Stone/Sisal/Other) 53 (1.2%) 34 (1%) 13 (1.7%) 6 (1.3%) 0 0.2346 Wall covering materials F Wall paper 562 (12.2%) 423 (13%) 84 (11%) 43 (9%) 12 (9.8%) 0.1799 Paint 1910 (41.3%) 1353 (41.5%) 321 (41.9%) 188 (39.5%) (39.3%) 0.5924 Plaster 372 (8.1%) 269 (8.3%) 58 (7.6%) 35 (7.4%) 10 (8.2%) 0.9821 Tapestry 376 (8%) 260 (8%) 69 (9%) 36 (7.6%) 11 (9%) 0.6159 Fibre glass 87 (1.9%) 64 (2%) 14 (1.8%) 8 (1.7%) (0.8%) 0.8636 Any one (Tiles /Roughcast /Panelling/Wood panels/ 210 (4.5%) 155 (4.8%) 28 (3.7%) 20 (4.2%) (5.7%) 0.6030 (16.5%) (17.5%) North 367 (7.9%) 247 (7.6%) 63 (8.2%) 42 (8.8%) (12.3%) East 457 (9.9%) 317 (9.7%) 80 (10.4%) 51 (10.7%) 9 (7.4%) Paris basin east 396 (8.6%) 290 (8.9%) 58 (7.6%) 37 (7.8%) 11 (9%) Paris basin west 449 (9.7%) 324 (9.9%) 80 (10.4%) 41 (8.6%) 4 (3.3%) West 758 (16.4%) 532 (16.3%) 137 (17.9%) 73 (15.3%) (13.1%) South-west 385 (8.3%) 267 (8.2%) 59 (7.7%) 43 (9%) (13.1%) South-east 560 (12.1%) 401 (12.3%) 88 (11.5%) 50 (10.5%) (17.2%) Mediterranean 404 (8.7%) 300 (9.2%) 52 (6.8%) 40 (8.4%) 12 (9.8%) OUTDOOR PLANTS Lawn, paths, bushes, flowers or other F 3035 (65.7%) 2162 (66.4%) 498 (65%) 293 (61.6%) (67.2%) 0.1963 spiders) Frequency / year F Guinea pig Bronchiolitis since age 2 291 (6.3%) 132 (4.1%) 99 (12.9%) 44 (9.2%) (13.1%) <.0001 0.4283 Once or twice 470 (10.2%) 324 (9.9%) 84 (11%) 52 (10.9%) 10 (8.2%) Multiple times 143 (3.1%) 106 (3.3%) 15 (2%) 17 (3.6%) Other 486 (10.5%) 344 81 (10.6%) 44 (9.2%) 17 (13.9%) 0.5653 Asthma attacks in past 12 months 219 (4.7%) 94 (2.9%) 67 (8.8%) 35 (7.4%) (18.9%) <.0001 (10.6%) Use of Ventoline/ (4.1%) FORM F 0.2534 Spray / Diffuser ( 355 (7.7%) 236 (7.2%) 68 (8.9%) 42 (8.8%) • Exposures/ factors in the preschool period (ages 2-3.5) BRICANYL, AIROMIR, FORMOAIR, 685 (14.8%) 347 (10.7%) 200 (26.1%) 100 (21%) (31.2%) <.0001 SALBUTAMOL, TERBUTALINE due 9 (80.3%) to resp. symps in past 12 months Electric/Non electric) Liquid Gel 123 (2.7%) 98 (3%) 11 (1.4%) 13 (2.7%) ICS or nebulized in past 12 months (0.8%) Powder or pellets/ 131 (2.8%) 94 (2.9%) 19 (2.5%) 14 (2.9%) (BECOTIDE, FLIXOTIDE 661 (14.3%) 345 (10.6%) 187 (24.4%) 98 (20.6%) (25.4%) <.0001 (3.3%) PULMICORT, BUDESONIDE) Baits or Traps/ Other F 284 (6.1%) 194 (6%) 50 (6.5%) 30 (6.3%) 10 (8.2%) 0.7597 ICS or nebulised for at least 3 months 155 (3.4%) 53 (1.6%) 59 (7.7%) 28 (5.9%) (12.3%) <.0001 PESTICIDES AGAINST Hospitalization for any one (asthma RODENTS attack, bronchitis , bronchiolitis, 20 (0.4%) 12 (0.4%) 4 (0.5%) 2 (0.4%) (1.6%) 0.1707 (MICE/RATS/MOLES) Person applying F 0.3897 triggered by a cold at age 3.5, and owning a pet cat since birth. Cluster C -Frequent night cough at age 3. Cluster D was pneumonia)*fisher exact Stone/PVC/Plastic /Other) Repair/ Renovations at M 2473 (53.5%) 1725 (53%) 425 262 (55%) 61 (50%) 0.4458 outdoor plants (including on a balcony/terrace) Self 249 (5.4%) 173 (5.3%) 40 (5.2%) 26 (5.5%) Current pets 2276 (49.2%) 1642 (50.4%) 380 (49.6%) 199 (41.8%) (45.1%) 0.0091 10 (8.2%) Spouse or Professional 35 (0.8%) 21 (0.6%) 10 (1.3%) 4 (0.8%) 0 dominated by regular use of ICS and /or bronchodilators at ages 2 and 3.5, along with mild to severe symptom Pets since birth of child 352 (7.6%) 246 (7.6%) 69 (9%) 32 (6.7%) (4.1%) 0.2194 105 (22.1%) 44 (36.1%) >3 3014 (65.2%) 2031 (62.3%) 534 (69.7%) 371 (11.5%) Tapestry 347 (7.5%) 247 (7.6%) 60 (7.8%) 29 (6.1%) 11 (9%) 0.6390 home during pregnancy (55.5%) Sanding of old paint 849 (18.4%) 591 139 99 (20.8% (16.4%) 0.5067 Pesticides used F 843 (18.2%) 588 (18.1%) 146 (19.1%) 84 (17.7%) (20.5%) 0.8833 Frequency / year F 0.8195 Once or twice 218 (4.7%) 145 (4.5%) 41 (5.4%) 24 (5%) (6.6%) Type of pet since birth of child presentation at age 3.5. Cat 1579 (34.2%) 1144 (35.1%) 276 (36%) 122 (25.6%) (30.3%) 0.0005 78 (63.9%) Fibre glass 103 (2.2%) 73 (2.2%) 15 (2%) 12 (2.5%) (2.5%) 0.9123 (18.1%) (18.2%) Treatment of F 0.9530 Multiple times 64 (1.4%) 48 (1.5%) 9 (1.2%) 5 (1.1%) (1.6%) Dog 1112 (24.1%) 801 (24.6%) 192 (25.1%) 92 (19.3%) (22.1%) 0.0930 (77.9%) ≤3 inhabitants in listed <40 m 2 4 (0.1%) 3 (0.1%) 0 1 (0.2%) 40-<70 m 2 166 (3.6%) 125 (3.8%) 24 (3.1%) 14 (2.9%) 70-100 m 2 661 (14.3%) 503 98 (12.8%) 43 (9%) 17 (13.9%) Tiles 3579 (77.4%) 2526 608 350 (73.5%) (77.9%) 0.1516 or elimination) (15.7%) (15.9%) Person applying F 0.7466 3 (2.5%) Floor covering materials F Lead plumbing/water (change 122 (2.6%) 83 (2.6%) 16 (2.1%) 17 (3.6%) (4.9%) 0.1657 Once or twice 730 (15.8%) 512 122 73 (15.3%) (18.9%) BEETLES AND DRYROT 0 Ventilation F 95 (2.1%) 69 (2.1%) 16 (2.1%) 9 (1.9%) (0.8%) 0.7817 (16.2%) (15.4%) year WOOD-BORING p value) Kitchen Plumbing 741 (16%) 527 118 78 (16.4%) (14.8%) 0.9262 Frequency of pesticide use / F 0.8928 AGAINST TERMITES, Monte Carlo Estimate for /PVC/Plastic/Other) Polishing/Varnish (20.6%) Diseases/ Snails/Slugs/Other 54 (1.2%) 41 (1.3%) 7 (0.9%) 5 (1.1%) 1 (0.8%) PESTICIDES USED F 218 (4.7%) 145 (4.5%) 43 (5.6%) 23 (4.8%) (5.7%) 0.5684 *(fisher exact with /Wooden panels Floor covering/ 906 (19.6%) 620 (19%) 158 105 (22.1%) (18.9%) 0.3835 (14.3%) (14.8%) Traps/Other 136 (2.9%) 93 (2.9%) 28 (3.7%) 10 (2.1%) (4.1%) surface area (m 2 ) of dwelling M+F <.0001 Any one (Tiling/Panelling /Carpet 334 (7.2%) 223 (6.8%) 64 (8.4%) 35 (7.4%) 12 (9.8%) 0.3659 Wall paint/ Wall paper 2131 (46.1%) 1496 (45.9%) 366 (47.8%) 219 (46%) 50 (41%) 0.5317 Insects 120 (2.6%) 79 (2.4%) 24 (3.1%) 12 (2.5%) 5 (4.1%) Weeds/ Moss/ Lichens 665 (14.4%) 467 113 66 (13.9%) Pellets 144 (3.1%) 98 (3%) 21 (2.7%) 20 (4.2%) (4.1%) (15.6%) FORM F 0.4536 Hamster, guinea pig, rabbit 311 (6.7%) 229 (7%) 43 (5.6%) 27 (5.7%) 12 (9.8%) 0.1926

Use of pesticides at home against flying insects (flies, mosquitoes, bees, wasps, hornets, moths, etc.)

  

	Time points and Characteristics	Frequency	A (n=3258	B (n=766,	C (n=476,	D	P
		(%) N=4622	, 70.5%)	16.6%)	10.3%)	(n=122,	value
						2.6%)	
	YEAR 5 *Responses by mother /father						
	Repairs or renovation since age 3	403 (8.7%)	271 (8.3%)	71 (9.3%)	56	5 (4.1%)	0.0213
					(11.8%)		
	Type of repair / renovation						
	Wall Painting / new wall paper	290 (6.3%)	200 (6.1%)	50 (6.5%)	37 (7.8%)	3 (2.5%)	0.1731
	Plumbing	146 (3.2%)	99 (3%)	29 (3.8%)	15 (3.2%)	3 (2.5%)	0.7307
	Stripping or sanding of old paint	91 (2%)	55 (1.7%)	18 (2.4%)	17 (3.6%)	1 (0.8%)	0.0287
	Insulation of walls or ceilings	107 (2.3%)	74 (2.3%)	20 (2.6%)	13 (2.7%)	0	0.3139
	Any one listed below						0.0177
	Installation of	198 (4.3%)	138 (4.2%)	28 (3.7%)	31 (6.5%)	1 (0.8%)	
	parquet or						
	paneling / polishing or varnishing work						
	Repair or change of windows / doors						
	Carpeting/Linoleum						
	/Laminate Installation						
	Any one listed below						0.0694
	Change or remove lead pipes and/or lead street water	195 (4.2%)	127 (3.9%)	38 (5%)	28 (5.9%)	2 (1.6%)	
	connection						
	Construction/removal of walls/Other						
	Repair/ Renovation in Child's bedroom	107 (2.3%)	76 (2.3%)	15 (2%)	16 (3.4%)	0	0.1307
	Any one listed below						
	Carpeting/Wood paneling/ plastic or linoleum floorings	37 (0.8%)	27 (0.8%)	6 (0.8%)	4 (0.8%)	0	0.9722
	OR polishing or varnishing work*(fisher exact)						
	Wall painting/ wall paper	86 (1.9%)	59 (1.8%)	13 (1.7%)	14 (2.9%)	0	0.1380
	Any one listed below						
	Fibreglass fabrics/	52 (1.1%)	40 (1.2%)	5 (0.7%)	7 (1.5%)	0	0.2887
	PVC window/ Other						
	HEAT SOURCE AT HOME						
	Changed the heating mode since age 3 * (Fisher exact )	22 (0.5%)	13 (0.4%)	7 (0.9%)	2 (0.4%)	0	0.3160
	Alternate source of heating or to heat water (City or	21 (0.5%)	12 (0.4%)	7 (0.9%)	2 (0.4%)	0	0.2349
	network gas/ Bottle or tank gas/						
	Fuel or oil/ Electricity						
	Wood/Other) * (Fisher exact )						
		247 (5.3%)	152 (4.7%)	50 (6.5%)	40 (8.4%)	5 (4.1%)	0.0027
	Frequency / year						0.0001
	Once or twice	121 (2.6%)	64 (2%)	26 (3.4%)	26 (5.5%)	5 (4.1%)	
	Multiple times	126 (2.7%)	88 (2.7%)	24 (3.1%)	14 (2.9%)	0	
	FORM * (						

fisher exact with Monte-Carlo estimate of the exact p-value )

  

						0.0152
	Spray	178 (3.9%)	110 (3.4%)	38 (5%)	25 (5.3%)	5 (4.1%)
	Diffuser ( electric / non electric) or spiral	48 (1%)	27 (0.8%)	8 (1%)	13 (2.7%)	0
	Stickers / Bait or trap / other	20 (0.4%)	14 (0.4%)	4 (0.5%)	2 (0.4%)	0
	Use of					

pesticides at home against crawling insects (ants, roaches, spiders, etc.) (one or multiple times)

  

		199 (4.3%)	129 (4%)	38 (5%)	28 (5.9%)	4 (3.3%)	0.1808
	In the past 12 months, have pesticides been used in	81 (1.8%)	53 (1.6%)	12 (1.6%)	15 (3.2%)	1 (0.8%)	0.0906
	your home against rodents (mice, rats, moles, etc.) by						
	professionals or someone at home						

In the last 12 months, have pesticides been used in your home to treat wood and frames against termites, capricorns, merula by professionals or someone at home*(fisher exact)

  

	16 (0.4%)	9 (0.3%)	3 (0.4%)	4 (0.8%)	0	0.2301

In the last 12 months, have you had any other pesticide treatments inside your home performed by a professional

  

	Pets	480 (10.4%)	348	72 (9.4%)	52	8 (6.6%)	0.3652
			(10.7%)		(10.9%)		
	Were treatments used against fleas and/or ticks on	309 (6.7%)	216 (6.6%)	49 (6.4%)	37 (7.8%)	7 (5.7%)	0.7538
	your pets, such as a collar, spray,						
	Frequency of treatment/ year						0.8375
	Once or twice	191 (4.1%)	132 (4.1%)	33 (4.3%)	23 (4.8%)	3 (2.5%)	
	Multiple times	118 (2.6%)	84 (2.6%)	16 (2.1%)	14 (2.9%)	4 (3.3%)	
	Form(s) of treatments						0.6362
	Pipette	218 (4.7%)	147 (4.5%)	36 (4.7%)	30 (6.3%)	5 (4.1%)	
	Spray /Collar	53 (1.2%)	37 (1.1%)	10 (1.3%)	5 (1.1%)	1 (0.8%)	
	Bath/ Shampoo/ Powder/Other	38 (0.8%)	32 (1%)	3 (0.4%)	2 (0.4%)	1 (0.8%)	
	Since [Child						
		37 (0.8%)	22 (0.7%)	6 (0.8%)	7 (1.5%)	2 (1.6%)	0.1461

(e.g. bedbugs, cockroaches, ...)? *(fisher exact)

ELFE] was 3.5 years old, have you treated [Child ELFE] for lice?

  

		408 (8.8%)	282 (8.7%)	60 (7.8%)	55	11 (9%)	0.1407
					(11.6%)		
	How many times since the child was 3.5 years old						0.0326
	Once	139 (3%)	94 (2.9%)	26	16	3 (2.5%)	
				(3.39%)	(3.36%)		
	Twice	104 (2.3%)	65 (2%)	15 (2%)	22 (4.6%)	2 (1.6%)	
	Multiple times	165 (3.6%)	123 (3.8%)	19 (2.5%)	17 (3.6%)	6 (4.9%)	
	Type of pet						0.7177
	Cat	298 (6.5%)	221 (6.8%)	45 (5.9%)	27 (5.7%)	5 (4.1%)	
	Dog	119 (2.6%)	82 (2.5%)	19 (2.5%)	16 (3.4%)	2 (1.6%)	
	Birds/ Hamster	63 (1.4%)	45 (1.4%)	8 (1%)	9 (1.9%)	1 (0.8%)	
	Rabbit/Guinea Pig						
	/Other						
	HAD pet from 2months to 5 years (created variable	255 (5.5%)	188 (5.8%)	42 (5.5%)	19 (4%)	6 (4.9%)	0.4516
	by combining responses at 2 months and age 5 )						
	SEX						<.0001
	Male	2318 (50.2%)	1523	463	262 (55%)	70	
			(46.8%)	(60.4%)		(57.4%)	
	Female	2304 (49.9%)	1735	303	214 (45%)	52	
			(53.3%)	(39.6%)		(42.6%)	
	TYPE OF DWELLING* (fisher exact)						0.7354
	House	3583 (77.5%)	2540	593	357 (75%)	93	
			(78%)	(77.4%)		(76.2%)	
	Appartment	1013 (21.9%)	697	171	117	28 (23%)	
			(21.4%)	(22.3%)	(24.6%)		
	Other	7 (0.2%)	6 (0.2%)	1 (0.1%)	0	0	

Table 14 .

 14 Tableau 14: Summary of key findings (statistically significant p<0.05) in each cluster at various time points.

	Phenotype

and Cluster Pre and perinatal period Post-natal period (2 months) Ages 2-3 Age 5

  

					Repair or change of
			Ventilated bathroom		windows / doors
					Carpeting/Linoleum
					/Laminate
					Using pesticides against
					flying insects once or
					twice a year in a spray
					or diffuser form.
					At least 2 lice
					treatments since age 3
	Severe early	Smoking	Pets	Episodic or no use of	Males
	asthma	during		ICS and	Lice treatment done at
	(Cluster B)	pregnancy		bronchodilators	least once since age 3
					Use of pesticides
		Smoking		5-10 days of day	against flying insects in
		during 3 rd		cough triggered by	a sticker /bait/trap form
		trimester of		cold at age 3	
		pregnancy			
				Cat owner since birth	
		Smoking 1-5 ,			
		6-10			
		ciggs/week			
		during 3 rd			
		trimester of			
		pregnancy			
		Passive			
		tobacco smoke			
		exposure at			
		home for			
		>1hour/day			
	Early	Smoking 11-	Hamster/rabbit/guinea	Regular treatment	Multiple lice treatments
	persistent	25 ciggs/week	pig	with ICS and	
	atopy with	during 3 rd		bronchodilators	
	late-onset	trimester of	Lice treatment by		
	severe wheeze	pregnancy	parents (low and high	Eczema flare-ups	
	(Cluster D)		frequency)		
		Passive		Respiratory	
		tobacco smoke	Home	symptoms	
		exposure at	renovations/repairs (not		
		home for	listed)	<5 days of day and	
		<1hour/day		night cough triggered	
			≤3 people living in a	by running,	
	Mildly symptomatic		≤3 people living at home space >100m 2	Pets nervousness and excitement	Female
	(Cluster A)		≤3 people in a space of		
			either 40-70m 2 or 70-100 m 2	Wheezing (both low and high frequency)	
	Post-natal bronchiolitis	No passive exposure to	Lice treatment by a professional >3 people living at home	triggered by cold and /or running, >10 days of night cough in the past 12 nervousness and excitement	Home repairs/renovations
	with persistent rhinitis (Cluster C)	tobacco smoke during pregnancy	>3 people in a space of <40 m 2 , 40-70m 2 ,70-100 m 2 and >100 m 2	months Bronchiolitis since age 2	since age 3 Stripping of old paint
			≤3 people in a space of	Asthma attacks	Installation of
			<40 m 2		parquet or
					paneling / polishing or
					varnishing work

•

  Smoking during pregnancy / Exposure to tobacco smoke during pregnancyThe WHO trends report on European Tobacco Use (2019) states that the highest proportion of tobacco use in the world is found in the European region (209 million smokers)[196]. Women's smoking rates are now comparable to men's in most of the high income countries and in France 28% women are regular smokers[197]. Approximately 17% women continue smoking during pregnancy[198]. Rates of perinatal smoking in France are among the highest in world[197].

•

  Pre-pregnancy BMI and maternal weight gain during pregnancyObesity is considered as a chronic low grade inflammation because of increased production of cytokines, acute phase reactants (C reactive proteins) and leptin. Being a pro-inflammatory adipokine leptin has been implicated in current [209], atopic [210] and non-atopic asthma [211]. Obesity induced changes in inflammatory factors of the mother are hypothesized to affect the immune and lung development (in utero and early childhood) of the offspring [210]. A recent meta-analysis by Liu et al. indicates that pre-pregnancy maternal obesity, being overweight pre-pregnancy, and very high or very low gestational weight gain are all associated with a significantly increased risk of childhood asthma and wheeze [212]. However, the analysis in our study did not shed any light on these associations.

• Pet ownership

Pet ownership is widely associated with a reduction in the risk of childhood asthma and allergies [213], however there have been inconsistencies in these findings, for e.g. in a pooled analysis of 11 European birth cohorts, pet ownership in early life did not amplify nor attenuate the risk of asthma or allergic rhinitis symptoms in children

[214]

. Contrastingly, Luo et al. found that pet exposure in early life was a risk factor for asthma and allergies among children

[215]

. These inconsistencies are also evident in our study, wherein children with phenotypes: severe early asthma and early persistent atopy with late-onset severe wheeze were pet owners predominantly in early life. Contrastingly, children with the mildly symptomatic phenotype showed pet ownership predominantly at the preschool age. Perhaps these inconsistencies are indicative of critical windows of exposure and could possibly be an avenue for further exploration in causal studies.

Table 1 Characteristics of the studied population

 1 Missing data: a = 4, b = 114, c = 5, c = 103, e = 96 ASEX Arizona Sexual Experience Scale, FSS Fatigue severity scale HAD hospital anxiety and depression scale, VQ11. Data are provided as median [Q1-Q3] or n (%), as appropriate

	Variables	Subjects
	N	
	Age (years)	61 [24-91]
	Gender (male)	(49%)
	Living as a couple	(62%)
	Living area	
	Urban	(26%)
	Suburban	(31%)
	Rural	(42%)a
	Socioprofessional categories	
	Farmer	4 (0.5%)
	Craftsperson, storekeeper, company head	66 (8.8%)
	Executive	(16.4%)
	Employee	(35.6%)
	Inactive/non-working	70 (9.3%)
	Worker	72 (9.6%)
	Technician	(19.8%)
	FEV 1 (%)	
	FEV1 ≥ 80% 50% < FEV1 ≤ 80% 30% < FEV1 ≤ 50% FEV1 ≤ 30% Number of moderate to severe exacerbations in the	52 (7%) (30%) (37%) (23%) 1.95
	previous year	
	Daily inhaled therapy	(88%)
	Oxygenotherapy	(31%)
	Ventilation (NIV or CPAP)	(28%)
	At least one comorbidity	(64%)
	ASEX	
	Sexual appetite	
	Low	(49%)
	Absent	(19%)
	Sexual desire	
	Low	(44%)
	Absent	120(16%)b
	Erectile dysfunction	(60%)
	VQ11	34,8 [29.8-37.1]c
	HAD	
	HAD-A	10 [8, 9]
	HAD-D	8 [5, 6]d
	Anxiety HAD A ≥ 10 Depression HAD D ≥ 10 FSS	(45%) (28%) 4.67 [3.1-6.24]e

Table 2 Characteristics of the studied population according to sexual satisfaction

 2 Data are provided as %. Differences in clinical characteristics were assessed using chi-square tests

		Improved	Stable	Worsened	P
	Gender	3%/4%	29%/29%	68%/67%	0.92
	Male/female				
	Age	5%/3%/5%/1%	31%/25%/34%/26%	64%/72%/61%/73%	0.391
	24-49/50-59/60-69/ > 70 (years)				
	Living as a couple (Yes/no)	4%/3%	29%/30%	67%/67%	0.978
	Occupation (Yes/no)	2%/5%	32%/28%	66%/67%	0.417

(ref: Rocchi S, Reboux G, Scherer E, Laboissière A, Zaros C, Rouzet A, Valot B, Khan S, Dufourg MN, Leynaert B, Raherison C, Millon L. Indoor microbiome: Quantification of exposure and association with geographical location, meteorological factors, and land use in France. Microorganisms. 2020;8(3).)

Microorganisms 2020, 8, 341
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Abstract

• External validation study of the asthma prediction tool in the French ELFE cohort Importance: Existing predictive scores for early identification of children at high risk of developing asthma include invasive procedures, and hence have limited utility in a primary care setting. The Leicestershire Respiratory Cohort has developed a non-invasive asthma prediction tool for children with promising results.

Objective: External validation of the asthma prediction tool in the French ELFE cohort.

Design: French national birth cohort conceived in 2011.

Setting: Multi-centered population-based.

Participants: Children with complete information on wheezing or cough, predictors at age 1 and asthma at age 5, were included in the present study.

Main outcome and Measurements:

Predictive scores were determined at age 1 and the primary outcome of asthma was defined as parental reporting of "asthma ever'' or "wheezing in the past 12 months" at age 5. Logistic regression was used to calculate odds ratio and performance measures; applying the cut offs defined in Leicestershire Respiratory Cohort. The tool's discriminative performance was reported using receiver operator curves and area under the curve. Calibration was assessed using Hosmer-Lemeshow goodness-of-fit test and visualized with a calibration plot. Overall performance was determined using Brier scores.

Results:

At age 5, in the analytical sample (N=10,689); 5,434 (50.8%) were boys. 11.9% children had wheezing, 2.9% food allergy and 28% eczema ever, according to parental reporting. Based on the scoring at age 1 , 84.9% were at low, 13.1% medium and 2% at high risk of developing asthma at age 5. Children in the medium risk category were 3 times more likely to develop asthma (OR= 3.3, 95% CI =2.97-3.78) whereas 13 times more likely in the high-risk category (OR=13.8, 95% CI =10.2-18.8). The tool's AUC was comparable: LRC 0.74 vs ELFE 0.68; as were the Brier scores LRC 0.14 vs ELFE 0.16. Varying inclusion criteria and outcome definitions were used for the sensitivity analysis and the tool's performance remained robust to these changes.
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Abstract

Rationale

Early life asthma phenotyping remains an unmet need in pediatric asthma. In France, severe pediatric asthma phenotyping has been done extensively, however, phenotypes in the general population remain underexplored. Based on the course and severity of respiratory/ allergic symptoms we aimed to identify and characterize early life wheeze and asthma profiles in the general population, using a supervised trajectory and an unsupervised approach respectively. 

Methods

Conclusion

We successfully determined early life wheeze profiles and asthma phenotypes in the general population of France.

Comparison with other french cohorts

The Trousseau Asthma Program has made substantial contributions in phenotyping severe asthma, based on data collected from children enrolled in "Centre de l'Asthme" at the Hôpital Trousseau in Paris. Additionally, the PARIS birth cohort identified 6 respiratory/allergic profiles in the general population [51]. However, TAP is a hospital based cohort focused on severe childhood asthma, and the symptom profiles in the PARIS birth cohort were ascertained in children recruited from 5 maternity units confined within the Île-de-France (paris and surrounding areas) region [52][53][54]. Contrastingly, the ELFE cohort is a general population based birth cohort with recruitment undertaken in 320 maternity units nationwide;

allowing us to understand the phenotypes and address the poor documentation of asthma control within the general population all over France [55].

LIMITATIONS

Excluded population (unsupervised cluster analysis)

Admittedly, our excluded population in unsupervised cluster analysis had a higher proportion of wheezers and presented with severe symptoms at age 5; however, attrition of symptomatic children belonging a low socioeconomic class is an unfortunate drawback in birth cohorts.

Fortunately, no differences were seen in the estimation of atopic status of both excluded and analysed populations, and the size of the analytical sample for unsupervised cluster analysis was large enough for capturing of the real life under estimation of wheezing in the general population.
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DESCRIPTION OF THE WHEEZE CLUSTERS USING SUPERVISED TRAJECTORY

(Please refer to Figure 1 Non wheezers (6772) 14867 children did not wheeze at age 2 months and of those 9466 did not wheeze at age 1 as well. Out of the 9466 who had not wheezed at age 2 months and one year, 6772 did not have any wheezing at age 5 as well i.e. they remained non wheezers throughout.
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