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To the Editor
The “hygiene hypothesis” proposes that microbial exposures in early life - such as a farming lifestyle, early childcare attendance, older siblings and pet ownership protect against atopy by maintaining a balanced Th1/Th2 immune cytokine milieu.1-3 The newly described “biodiversity hypothesis” or “old friends” hypothesis further suggests that co-evolved trans-generationally transmitted commensal microbiota played important immunoregulatory roles, which have now been diminished due to loss of biodiversity in modern urbanized environments. 4
Children attending childcare are at increased risk of viral respiratory infections and viral-induced wheezing disorders.5 Early onset recurrent viral induced wheezing has been associated with a higher risk of obstructive airway disease in later life,6 likely mediated by viral induced inflammation & immunomodulation which incite lung damage, culminating in lung function restriction which may persist through adolescence into adulthood.7 
Studies have observed either protective or null effects of early childcare attendance against asthma development, and only in high-risk populations with parental atopy5 or older siblings.1, 8, 9 Cross-sectional studies are also limited in their ability to evaluate the temporal relationship between these variables and to establish the exact window of vulnerability. 
We hypothesized that the specific window of childcare enrollment and duration of exposure determine the risks of early onset viral-induced wheezing and the development of wheezing phenotypes and respiratory allergy in later childhood and explored this hypothesis within the Growing Up in Singapore Towards healthy Outcomes (GUSTO) longitudinal mother-offspring cohort.
The GUSTO cohort’s methodology has been described previously (Appendix 1, Supplementary Material).10 Data were collected prospectively through interviewer-administered questionnaires at 3, 6, 9, 12, 15 18, 24, 36, 48 and 60 months. Eczema was defined as a positive response to the question “Has your child ever been diagnosed with eczema?”. Wheezing was defined as positive responses to both questions: “Has your child had wheezing since the last visit?” AND “Has your child been prescribed with nebulizer/inhaler treatment since the last visit?” Definitions of wheezing phenotypes were adapted from the Avon Longitudinal Study of Parents and Children (ALSPAC),11 which was further validated in the Southampton Women’s Survey (SWS).12 
Transient early wheezing was defined as at least one episode of parental-reported wheezing (as prior defined) before age 2 and none in the 12 months preceding the Year 5 visit. Late onset wheezing was defined as no reported wheezing episodes in the first 2 years of life and at least one episode of wheezing in the 12 months preceding the Year 5 visit. Persistent wheezing was defined as at least one episode of parental-reported wheezing before the age of two years and at least one episode of wheezing in the preceding year before the Year 5 visit. 
Skin prick testing (SPT) to house dust mites (HDM) D. pteronyssinus, Dermatophagoides farinae and B. tropicalis was carried out at 18 and 60 months. Ethics approval was obtained from the Centralized Institutional Review Board (CIRB) of SingHealth (reference 2009/280/D) and the Domain Specific Review Board of Singapore National Healthcare Group (reference D/09/021). Written informed consent was obtained from all participants.
Statistical analysis was performed using IBM SPSS version 24. Statistical significance was set at p<0.05. 
The demographic characteristics of the subjects are summarized in Supplementary Table 1 and wheezing outcomes by childcare enrolment group are shown in Table 1. Forty-nine children (6%) were enrolled into childcare before 6 months of age, 35 (4%) between 6 and 12 months of age, 143 (19%) between 1 and 2 years of age and 513 (68%) after the age of 2 years.  
Wheezing with nebulizer use was reported in 129 (18%) subjects and healthcare utilization for wheezing-related conditions in 83 (12%) subjects by 24 months of age. The prevalence of early wheeze in this cohort is similar to a previous cross-sectional study in Singapore which reported the prevalence of parental-reported wheezing symptoms in the second year of life to be 23.2%.13 By 5 years of age, transient onset wheezing was reported in 87 (14%) subjects, late onset wheezing in 35 (6%) children and persistent wheezing in 23 (4%) children.
Childcare enrollment before 6 months of age was associated with an increased risk of wheezing episodes and healthcare utilization by 24 months compared to children who had never attended childcare (Table 2), as well as transient early wheezing and persistent wheezing phenotypes, but not late onset wheezing, by age 5 years (Table 3). 
Increasing duration of childcare attendance in the first year of life was significantly associated with episodes of wheezing and increased healthcare utilization by 24 months of age (Table 2), as well as transient early wheezing [adjusted OR 1.31, 95% CI (1.13, 1.51) p<0.001], but not late onset or persistent wheezing, by 5 years of age. 
This is the first prospective study demonstrating that early childcare enrollment and before age 6 months and increased exposure duration were associated with higher risks of wheeze-related respiratory morbidity by age 2 years and the development of transient early onset wheezing and persistent wheezing phenotypes at age 5 years, compared to children who were enrolled at an older age. 
Our findings contrast with other studies which reported positive associations between early daycare attendance (0-2 years) and increased airway symptoms until age 4 years, but no protection against asthma by age 8 years.9 Nicolaos et al. found that children who entered nursery between 6-12 months or after 12 months of age had a reduced risk of current wheeze at age 5 years.8 The Home Allergens and Asthma Study found no significant associations between daycare attendance in the first year of life and asthma at age 4 years in a high risk cohort of children with parental atopy. 
The precise window of exposure and exposure duration are additional key modulating factors. Nicolaos et al reported a protective effect of childcare attendance between 6-12 months against asthma at age 5 years but no effect in those enrolled before 6 months of age.8 Ball et al described that childcare attendance before age 6 months increased the risk of recurrent wheeze and later asthma, but only in those with older siblings and its retrospective design may have been influenced by recall bias.1 
Children with transient wheezing phenotypes are more likely to have persistently diminished lung function in later childhood.11, 12 Persistent wheezing is modulated by early inflammatory insults such as viral infections, atopic sensitization, immune dysregulation and airway remodelling and confers a high risk for asthma inception.11  This study suggests that the risk of developing this phenotype is likely due to early exposure to respiratory viruses and early onset wheezing illnesses, which is moderated through very early childcare enrollment. 
Strengths of the GUSTO cohort include the prospective ascertainment of data at multiple time-points from an unselected mother-offspring cohort, enabling temporal evaluation of relationships between risk factors and outcomes. Limitations include the reliance on parental reported outcomes and exposures and the lack of an objective assessment of asthma such as lung function. However, the ISAAC questionnaires have been validated extensively in large epidemiologic studies worldwide for the ascertainment of allergic outcomes. 
The exponential increase in the number of infant and childcare centres in Singapore showcases the rising demand for affordable early childcare to allow working mothers to return to the workforce after just 4 months of government-paid maternity leave. Modifications maternity and family care leave policies could allow families to delay childcare enrollment beyond the first 6 months of life, which may attenuate the risks of developing wheezing disorders through shifting the balance between pathogenic and beneficial environmental microbial exposures towards a null or protective effect, as seen in previous studies. 
Preschool education confers long-term neurodevelopmental advantages and economic benefits contributed by the larger pool of working mothers. However, most of this evidence focuses on the preschool age group (3-5 years) and not infants, thus a short delay in childcare enrollment may not translate to any significant loss of the above-mentioned benefits in the long-term, but this will require further investigation.  
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