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Background:

The new European regulations require the enrichment of formulas with docosahexaenoic acid (DHA) because of the positive effects of long-chain polyunsaturated fatty acids (LCPUFAs) on neurodevelopment and visual acuity. In this observational study, we aimed to evaluate whether the consumption of LCPUFA-enriched formula was associated with the risk of infection and allergy in early childhood.

Methods: Analyses involved data from 8,389 formula-fed infants from the ELFE birth cohort.

Formula enrichment was identified from the list of ingredients of the formula consumed at 2 months. Infections (gastro-intestinal, lower respiratory tract [LRTI], upper respiratory tract) and allergies (wheezing, itchy rash, asthma medication, food allergy) from age 2 months to 5.5 years were reported by parents during follow-up surveys. Multivariable logistic regression models were used to assess associations between the consumption of LCPUFA-enriched formula and the risk of infection and allergy.

Results: Among formula-fed infants at 2 months, 36% consumed formula enriched with DHA and arachidonic acid (ARA), and 11% consumed formula additionally enriched with eicosapentaenoic acid (EPA). Enriched formula consumption was not associated with infection or allergy, except for an association between consumption of DHA/ARA/EPAenriched formula and lower use of asthma medications. Furthermore, as compared with non-DHA/ARA/EPA-enriched formula, consumption of formula with high EPA content (≥3.2 mg/100 kcal) was related to lower risk of LRTI and lower use of asthma medications.

Conclusion:

This study suggests that consumption of DHA/ARA/EPA-enriched formula (especially those with high EPA content) is associated with a lower risk of LRTI and lower use of asthma medications.
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INTRODUCTION

Allergic diseases and infections are the leading causes of morbidity in childhood. The prevalence of infections has decreased in recent years [START_REF] Pawankar | The WAO White Book on Allergy[END_REF][START_REF] Collaborators | Estimates of the global, regional, and national morbidity, mortality, and aetiologies of lower respiratory infections in 195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016[END_REF][START_REF] Collaborators | Estimates of the global, regional, and national morbidity, mortality, and aetiologies of diarrhoea in 195 countries: a systematic analysis for the Global Burden of Disease Study 2016[END_REF] , but that of allergic diseases and asthma (both considered a major public health issue) has increased over the last decades [START_REF] Pawankar | The WAO White Book on Allergy[END_REF][START_REF] Asher | Worldwide time trends in the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three repeat multicountry cross-sectional surveys[END_REF][START_REF] Nwaru | Prevalence of common food allergies in Europe: a systematic review and meta-analysis[END_REF] .

In addition to genetic predisposition, several modifiable factors are associated with risk of developing allergic diseases, including low microbial exposure, high exposure to air pollutants or cigarette smoke and inadequate early feeding practices [START_REF] Pawankar | The WAO White Book on Allergy[END_REF][START_REF] Beasley | Risk factors for asthma: is prevention possible?[END_REF][START_REF] Halken | Prevention of allergic disease in childhood: clinical and epidemiological aspects of primary and secondary allergy prevention[END_REF] . With regard to early feeding, the protective effect of breastfeeding on infections is well established [START_REF] Victora | Breastfeeding in the 21st century: epidemiology, mechanisms, and lifelong effect[END_REF] , but its potential effect on allergic diseases is more controversial [START_REF] Victora | Breastfeeding in the 21st century: epidemiology, mechanisms, and lifelong effect[END_REF][START_REF] Horta | Short-term effects of breastfeeding: a systematic review of the benefits of breastfeeding on diarrhoea and pneumonia mortality[END_REF][START_REF] Gungor | Infant milk-feeding practices and food allergies, allergic rhinitis, atopic dermatitis, and asthma throughout the life span: a systematic review[END_REF][START_REF] Tromp | Breastfeeding and the risk of respiratory tract infections after infancy: The Generation R Study[END_REF][START_REF] Munblit | Human Milk and Allergic Diseases: An Unsolved Puzzle[END_REF] .

Breastmilk supplies all essential bioactive factors and nutrients, including long-chain polyunsaturated fatty acids (LCPUFAs), which have an important role in immune system development and regulation and in neurodevelopment, including neurotransmission, visual function and cognitive development [START_REF] Gould | The effect of maternal omega-3 (n-3) LCPUFA supplementation during pregnancy on early childhood cognitive and visual development: a systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Janssen | Long-chain polyunsaturated fatty acids (LCPUFA) from genesis to senescence: the influence of LCPUFA on neural development, aging, and neurodegeneration[END_REF][START_REF] Richard | Evidence for the essentiality of arachidonic and docosahexaenoic acid in the postnatal maternal and infant diet for the development of the infant's immune system early in life[END_REF] . LCPUFA content in breastmilk varies according to the lactation period and maternal diet, with an average content of 0.37% of total fatty acids for docosahexaenoic acid (DHA), 0.55% of total fatty acids for arachidonic acid (ARA) and 0.10% of total fatty acids for eicosapentaenoic acid (EPA) [START_REF] Koletzko | Human Milk Lipids[END_REF][START_REF] Bobiński | Fatty acids of human milk -a review[END_REF][START_REF] Fu | An updated review of worldwide levels of docosahexaenoic and arachidonic acid in human breast milk by region[END_REF] . Several studies have examined the association between omega-3 (n-3) LCPUFAs level in breastmilk and risk of allergic diseases during infancy, but the findings remained inconsistent [START_REF] Venter | EAACI position paper: Influence of dietary fatty acids on asthma, food allergy, and atopic dermatitis[END_REF][START_REF] Waidyatillake | Association of breast milk fatty acids with allergic disease outcomes-A systematic review[END_REF] . Several randomized controlled trials (RCTs) have also assessed the effect of prenatal or postnatal n-3 LCPUFA supplementation on allergy development, but the available systematic reviews on this topic found that evidence remains insufficient to recommend supplementation with n-3 LCPUFAs during pregnancy, lactation and early life to prevent the development of allergic diseases in childhood [START_REF] Venter | EAACI position paper: Influence of dietary fatty acids on asthma, food allergy, and atopic dermatitis[END_REF][START_REF] Waidyatillake | Association of breast milk fatty acids with allergic disease outcomes-A systematic review[END_REF][START_REF] Gunaratne | Maternal prenatal and/or postnatal n-3 long chain polyunsaturated fatty acids (LCPUFA) supplementation for preventing allergies in early childhood[END_REF][START_REF] Schindler | Polyunsaturated fatty acid supplementation in infancy for the prevention of allergy[END_REF][START_REF] Vandenplas | The role of milk feeds and other dietary supplementary interventions in preventing allergic disease in infants: Fact or fiction?[END_REF] .

Exclusive breastfeeding is recommended for the first 6 months of life or at least 4 months [START_REF] Who | Feeding and nutrition of infants and young children, guidelines for the WHO European region, with emphasis on the former Soviet countries[END_REF] , but several studies have shown a high level of non-compliance with these recommendations 8, 25, 26 . For non-breastfed or partially breastfed infants, a wide range of infant formula is available, especially in France [START_REF] De Lauzon-Guillain | Use of infant formula in the ELFE study: The association with social and health-related factors[END_REF] . From scientific evidence suggesting beneficial effects of DHA on cognitive abilities [START_REF] Drover | Cognitive function in 18-month-old term infants of the DIAMOND study: a randomized, controlled clinical trial with multiple dietary levels of docosahexaenoic acid[END_REF][START_REF] Lepping | Long-chain polyunsaturated fatty acid supplementation in the first year of life affects brain function, structure, and metabolism at age nine years[END_REF][START_REF] Liao | Event-related potential differences in children supplemented with long-chain polyunsaturated fatty acids during infancy[END_REF] and to meet the nutritional needs of healthy infants, a European regulation (EU 2016/127) required that from February 2020, all infant and followon formula had to be enriched in DHA (20-50 mg/100 kcal, equivalent to 0.5-1% of total fatty acids). The European Academy of Pediatrics further suggested that DHA enrichment had to be combined with ARA enrichment 31 .

To our knowledge, only 4 studies of small sample sizes have specifically investigated the association between DHA/ARA enrichment of formula and infection or allergy in childhood [START_REF] Foiles | Formula with long-chain polyunsaturated fatty acids reduces incidence of allergy in early childhood[END_REF][START_REF] Birch | The impact of early nutrition on incidence of allergic manifestations and common respiratory illnesses in children[END_REF][START_REF] Lapillonne | Infants fed formula with added long chain polyunsaturated fatty acids have reduced incidence of respiratory illnesses and diarrhea during the first year of life[END_REF][START_REF] Pastor | Infants fed docosahexaenoic acid-and arachidonic acid-supplemented formula have decreased incidence of bronchiolitis/bronchitis the first year of life[END_REF] . These studies support a beneficial effect of this enrichment on the incidence of diarrhea and some allergic and respiratory diseases [START_REF] Foiles | Formula with long-chain polyunsaturated fatty acids reduces incidence of allergy in early childhood[END_REF][START_REF] Birch | The impact of early nutrition on incidence of allergic manifestations and common respiratory illnesses in children[END_REF][START_REF] Lapillonne | Infants fed formula with added long chain polyunsaturated fatty acids have reduced incidence of respiratory illnesses and diarrhea during the first year of life[END_REF][START_REF] Pastor | Infants fed docosahexaenoic acid-and arachidonic acid-supplemented formula have decreased incidence of bronchiolitis/bronchitis the first year of life[END_REF] . However, no study has examined the potential effect of EPA enrichment of infant formula on infection and allergy in childhood.

The purpose of this observational study was to evaluate among formula-fed infants the associations between the enrichment of infant formula with LCPUFAs (DHA, ARA and EPA) and the risk of infection and allergy in early childhood in a large French nationwide birth cohort. The infant formula consumed in the present study were those available on the market in France before the enforcement of the new European regulation on DHA enrichment of formula.

We hypothesized that (1) consumption of LCPUFA-enriched formula at 2 months of age is associated with a lower risk of infection and allergy up to 5.5 years; (2) the observed risk reductions is greater for high LCPUFA contents in the consumed formula.

MATERIALS AND METHODS

Study population

Our analyses were based on data from the ELFE (Étude longitudinale française depuis l'enfance) multidisciplinary nationwide birth cohort including children born in France in 2011 [START_REF] Charles | Cohort Profile: The French national cohort of children (ELFE): birth to 5 years[END_REF] . This study was designed to assess the impact of environmental exposures and socioeconomic and familial factors on children's development, behaviours and health. The design and protocol of the study have been described in detail elsewhere [START_REF] Vandentorren | Rationales, design and recruitment for the Elfe longitudinal study[END_REF] . Briefly, the study enrolled singletons or twins born after 33 weeks' gestation, from mothers aged 18 years or older who were able to read French, Arabic, Turkish or English and were not planning to move outside of metropolitan France in the next 3 years.

All participating mothers provided written consent for themselves and their child. Fathers also signed the consent form for their child's participation when present at inclusion or were 

Data collection

Infant feeding

Infant feeding was collected at age 2 months by phone interview. For infants consuming infant formula, parents were asked to report the brand and product names of the mainly used formula. All formulas used in the ELFE study were then listed and classified as enriched in LCPUFAs (including DHA, ARA and EPA) or not according to the ingredient list and, when available, the nutrient composition. When these data were not available, we used data from another question that directly reported whether the formula was enriched or not with LCPUFAs. Parents were also asked to report the age at infant formula introduction, which was used to derive the duration of predominant breastfeeding. Infants who received both breastmilk and infant formula were classified based on the formula consumed.

The enrichment level of the LCPUFA-enriched formula identified in this study ranged from 9.0 to 20.3 mg/100 kcal for DHA and 2.1 to 3.3 mg/100 kcal for EPA. When nutrient composition was available, the level of DHA and EPA enrichment was classified as low or high according to the median calculated in the study population (10 mg/100 kcal, equivalent to 0.19% of total fatty acids for DHA; and 3.2 mg/100 kcal, equivalent to 0.06% of total fatty acids for EPA). The median value was used because only 1 infant who consumed LCPUFAenriched formula had consumed a formula with a DHA content at the minimum dose now recommended by the European regulation (20 mg/100 kcal) and only 75 (3%) infants the dose used in most RCTs (17 mg/100 kcal). Linoleic acid and alpha-linolenic acid contents were also available and modeled as continuous variables.

Infection and allergy

Data on infection and allergy were collected by phone interviews at the 2-month and, 1-, 2-, 3.5-and 5.5-year follow-ups, each referring to events that occurred since the last follow-up.

To define incident cases of infection and allergy from age 2 months to 5.5 years, only cases occurring after the 2-month follow-up were considered.

In this observational study, infections were assessed by using 3 indicators: ever gastrointestinal infection, ever lower respiratory tract infection (LRTI) and ever upper respiratory tract infection (URTI), which were defined as follows:

-Ever gastrointestinal infection: parental report of at least one hospitalization for gastroenteritis/dehydration or one emergency consultation for diarrhea/vomiting/dehydration; -Ever LRTI: parental report of at least one bronchiolitis event or one hospitalization for bronchitis, bronchiolitis or pneumopathy; -Ever URTI: parental report of at least 3 otitis events from birth, or at least 3 laryngitis events from birth or at least 3 angina events from birth, or one hospitalization URTI or one emergency consultation for otalgia.

With regard to allergies, we considered the following indicators to enhance international comparison with other birth cohorts from the LifeCycle consortium [START_REF] Jaddoe | The LifeCycle Project-EU Child Cohort Network: a federated analysis infrastructure and harmonized data of more than 250,000 children and parents[END_REF] : ever wheezing, ever itchy rash, ever food allergy and ever use of asthma medications. Children were classified as with ever wheezing or ever itchy rash from age 2 months to 5.5 years if parents reported at least one episode. Children were classified as with ever food allergy from age 2 months to 5.5 years if parents reported at least once medical advice to avoid certain foods due to an allergy. 'Ever use of asthma medications' refers to at least one parental report of use of inhaled corticosteroids or bronchodilators at home or the hospital during the first 3.5 years of life (these data were not collected at the 5.5-year follow-up).

Infant and familial characteristics

Maternal and household characteristics were collected at the maternity and 2-month interviews. Birth characteristics were also collected from the medical records. Maternal and household characteristics considered in this study were defined as: age (< 25, 25-29, 30-34, ≥ 35 years), city size (rural, urban), region of residence (Paris region, North, East, Paris Basin-East, Paris Basin-West, West, South-West, South-East, Mediterranean), education level (up to lower secondary, upper secondary, intermediate, 3-year university degree, at least 5-year university degree), employment status in early pregnancy (employed, unemployed, out of the labor force [student/housewife/retired/handicapped pension]), pre-pregnancy body mass index (<18.5, 18.5-24.9, 25-29.9, ≥30 kg/m²), maternal allergy history (including eczema, asthma, or hay fever; yes/no), smoking status (never smoker, smoker only before pregnancy, smoker only in early pregnancy, smoker throughout pregnancy), diet quality during pregnancy (measured by using the Probability of Adequate Nutrient intake based Diet quality index [PANDiet] score, which reflects nutrient-based reference guidelines adapted for pregnancy [START_REF] Bianchi | Pregnancy Requires Major Changes in the Quality of the Diet for Nutritional Adequacy: Simulations in the French and the United States Populations[END_REF] ), n-3 fatty acids supplementation during pregnancy (yes/no) and household income per consumption unit (≤€750, €751-1111, €1112-1500, €1501-1944, €1945-2500, >€2500 /month). The infant's characteristics included: child's sex, gestational age (in weeks), caesarean section (yes/no), birth weight, type of health professional for the first visit after delivery (paediatrician, other child doctor, general practitioner, other including emergency), age at introduction of infant formula (< 1 month, ≥1 month), presence of older siblings (no sibling, one sibling, at least 2 siblings) and family history of allergy (neither parent nor sibling with allergy; at least one parent or sibling with allergy including eczema, asthma, or hay fever).

Birth weight categories (small, adequate or large for gestational age) were defined according to the French Audipog reference curves [START_REF] Mamelle | Fetal growth from the AUDIPOG study. I. Establishment of reference curves[END_REF] .

Selection of the study sample

In the present study, we randomly selected one twin out of two (n=287) to avoid family clustering and excluded infants without data at the 2-month follow-up (n=1,696). Among the 11,244 infants who were not exclusively breastfed at the 2-month follow-up (eligible infants for this study), we excluded infants with insufficient detail on infant formula consumed at 2 months (n=667), those who had a medical diagnosis of cow's milk protein allergy reported at 2 months (n=193), and those with missing data for allergy or infection outcomes (n=1,995).

Finally, our study sample included 8,389 children (Figure 1).

Statistical analyses

Infants included in this study were compared to excluded eligible infants using chi-square test or Student t test as appropriate. Characteristics of the study population were presented according to LCPUFA enrichment of infant formula at the 2-month follow-up.

To provide national statistics on LCPUFA enrichment among formula-fed infants, data were weighted to account for inclusion procedure and biases related to non-consent [START_REF] Juillard | Weighting of Elfe survey data at time 0[END_REF] . Weighting also included calibration on margins from the state register's statistical data and the 2010

French National Perinatal study [START_REF] Blondel | Trends in perinatal health in France from 1995 to 2010. Results from the French National Perinatal Surveys[END_REF] on the following variables: age, region, marital status, migration status, level of education, and primiparity. This weighting was calculated for the subsample that completed the 2-month interview.

The associations between consumption of LCPUFA-enriched formula at age 2 months and the risk of infection or allergy were assessed with logistic regression models adjusted for potential confounders identified from the literature and validated with the directed acyclic graph method [START_REF] Shrier | Reducing bias through directed acyclic graphs[END_REF] . All analyses were adjusted for maternal characteristics (age, education level, city size, region of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, diet quality during pregnancy and n-3 PUFA supplementation during pregnancy), household income, family history of allergy, infant characteristics (sex, gestational age, caesarean section, birth weight category, type of health professional for the first visit after delivery, presence of older siblings and age at infant formula introduction) and variables related to study design (recruitment wave and maternity size). Missing covariates data were handled by using the Hot Deck method, which consists of replacing the missing value by that for respondents with the same characteristics [START_REF] Andridge | The Use of Sample Weights in Hot Deck Imputation[END_REF] .

In this study, interactions between consumption of LCPUFA-enriched formula and family or maternal history of allergy were not significant for any of the modelled outcomes. Therefore, we evaluated the associations in the whole sample.

Sensitivity analyses

To evaluate the potential presence of bias and test the robustness of our findings, several sensitivity analyses were performed. First, because infants consuming both breastmilk and infant formula may also benefit from LCPUFAs contained in breastmilk, analyses were conducted on the subsample of infants exclusively formula-fed at age 2 months (n=6,251).

Then, to limit the potential effect of the reverse causation bias, analyses were conducted on the subsample of infants who were fed the same formula during their first 2 months of life (n=4,429). Our analyses were also repeated among infants without any infection or allergic disease before age 2 months (n=6,490).

Because our previous findings showed that the consumption of partially hydrolyzed formulas at age 2 months was associated with increased risk of wheezing and food allergy [START_REF] Davisse-Paturet | Use of partially hydrolysed formula in infancy and incidence of eczema, respiratory symptoms or food allergies in toddlers from the ELFE cohort[END_REF] , we conducted a sensitivity analysis excluding all infants who consumed an infant formula with hydrolyzed proteins at age 2 months (n=364).

We also performed weighted analyses to assess the generalization of our results, using the weighting presented above.

In addition, instead of the Hot Deck method, we handled missing covariates data by using multiple imputations [START_REF] Sterne | Multiple imputation for missing data in epidemiological and clinical research: potential and pitfalls[END_REF][START_REF] Van Buuren | Multiple imputation of discrete and continuous data by fully conditional specification[END_REF] . We assumed that data were missing completely at random conditionally to the set of variables included in the analysis and generated 5 independent datasets with the fully conditional specification method (MI procedure, FCS statement, NIMPUTE option). We then calculated pooled effect estimates by using the SAS MIANALYSE procedure. Further details are available in Supplementary table 1.

All statistical analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Sample characteristics

Of the 8,389 children formula-fed at 2 months of age that we included in this study, 4,282 were boys. As compared with eligible infants who were excluded from the analysis (n=2,855), those who were included were more often born with adequate weight for gestational age (80.1% vs. 78.4%; p=0.003), to an older mother (mean age 31± 4.9 vs. 29.4 ± 5.6 years; p<0.0001), with a higher education level (18.3% vs. 9.2% with a Master's degree, p<0.0001) and a higher income (1,663 ± 977 vs. 1,356 ± 1,219 euros per consumption unit; p<0.0001) and were more likely to stop smoking before pregnancy (24.7% vs. 18.5%; p<0.0001).

At age 2 months, 36.8% (CI=35.5-38.1) of formula-fed infants consumed DHA-enriched and 36.0% (CI=34.7-37.2) ARA-enriched formula. Since almost all of the DHA-enriched formulas were also enriched in ARA, we examined the effect of both DHA and ARA enrichment. Moreover, 11.3% (CI=10.4-12.2) of infants consumed a formula enriched in both DHA/ARA and EPA.

Table 1 presents the main characteristics of the study sample according to the type of formula consumed at age 2 months.

Enrichment of the formula consumed at age 2 months and risk of infection and allergy up to age 5.5 years

Consumption of DHA/ARA-enriched formula at 2 months of age was not associated with the occurrence of infection or allergy up to age 5.5 years (Tables 2 and3). As compared with non-DHA/ARA/EPA-enriched formula, the consumption of DHA/ARA/EPA-enriched formula was associated with a lower use of asthma medications up to age 3.5 years. We found no significant association between DHA/ARA/EPA enrichment and the occurrence of infections such as gastrointestinal infection, LRTI, URTI, nor with wheezing, itchy rash and food allergy up to age 5.5 years.

As compared with non-DHA/ARA-enriched formula, the consumption of formula with low DHA content (<10 mg/100 kcal) was associated with a higher risk of LRTI and wheezing, whereas an opposite trend was observed with consumption of formula with high DHA content (Tables 2 and3). We found no significant association between DHA enrichment level and the other outcomes.

As compared with non-DHA/ARA/EPA-enriched formula, the consumption of formula with high EPA content was associated with a lower risk of LRTI and a lower use of asthma medications. We found no significant association between EPA enrichment level and the occurrence of gastrointestinal infection, URTI, wheezing, itchy rash or food allergy up to age 5.5 years.

We found no significant association for formula content of linoleic acid and alpha-linolenic acid in any model (data not shown).

Sensitivity analyses

When restricting the analyses to exclusively formula-fed infants at age 2 months, the consumption of formula with high EPA content was also associated with a lower risk of LRTI, URTI and a lower use of asthma medications (Tables 2 and3).

In sensitivity analyses conducted to deal with the potential indication bias (including only infants without any change in formula up to age 2 months or without any infection or allergy up to age 2 months [Supplementary tables 2 and 3]), the negative association between EPA enrichment and asthma medications or LRTI remained similar. In addition, as compared with non-DHA/ARA-enriched formula, the consumption of formula with high DHA content (≥10 mg/100 kcal) was associated with a lower use of asthma medications (Supplementary table 3). In addition, among infants without any infection or allergy up to age 2 months, as compared with non-DHA/ARA/EPA-enriched formula, the consumption of DHA/ARA/EPAenriched formula was also associated with a lower risk of food allergy. Similar associations were observed for weighted analyses, analyses using multiple imputation to deal with missing data (Supplementary tables 4 and 5) and analyses among infants who did not consume infant formula with hydrolyzed proteins (data not shown).

DISCUSSION

In this observational study, one quarter of formula-fed infants consumed a formula enriched in DHA/ARA and just over one tenth consumed a formula additionally enriched in EPA. In the full sample, consumption of infant formula with low DHA content (<10 mg/100 kcal) was associated with a higher risk of LRTI and wheezing up to age 5.5 years, whereas an opposite trend was observed for high DHA content. The consumption of formula with high EPA content (≥3.2 mg/100 kcal) was associated with a lower risk of LRTI and use of asthma medications up to age 5.5 years. No significant association was found between LCPUFA enrichment and occurrence of gastrointestinal infection, URTI, itchy rash or food allergy up to age 5.5 years. Among exclusively formula-fed infants, the consumption of formula with high EPA content was associated with a lower risk of URTI.

Few studies have evaluated the association between the consumption of DHA/ARA-enriched formula and the risk of infection or allergy in childhood [START_REF] Foiles | Formula with long-chain polyunsaturated fatty acids reduces incidence of allergy in early childhood[END_REF][START_REF] Birch | The impact of early nutrition on incidence of allergic manifestations and common respiratory illnesses in children[END_REF][START_REF] Lapillonne | Infants fed formula with added long chain polyunsaturated fatty acids have reduced incidence of respiratory illnesses and diarrhea during the first year of life[END_REF][START_REF] Pastor | Infants fed docosahexaenoic acid-and arachidonic acid-supplemented formula have decreased incidence of bronchiolitis/bronchitis the first year of life[END_REF] , and none has evaluated the effect of additional enrichment in EPA, which makes comparing our results difficult. In addition, the outcomes definition was quite heterogeneous across the studies, which suggests caution in comparing results.

Available studies suggest that consumption of DHA/ARA-enriched formula (17 mg /100 kcal for DHA and 34 mg /100 kcal for ARA) was associated with a lower incidence or delayed onset of bronchitis/bronchiolitis [START_REF] Lapillonne | Infants fed formula with added long chain polyunsaturated fatty acids have reduced incidence of respiratory illnesses and diarrhea during the first year of life[END_REF][START_REF] Pastor | Infants fed docosahexaenoic acid-and arachidonic acid-supplemented formula have decreased incidence of bronchiolitis/bronchitis the first year of life[END_REF] . A similar trend was observed in the present study among infants who consumed formula with high DHA content (10-20 mg/100 kcal), but the association did not reach statistical significance (OR=0.88; 95% CI=0.76-1.02 for LRTI).

Moreover, an additional enrichment of formula with high EPA content was associated with a lower risk of LRTI. As infant formula with high EPA content also had high DHA content in this study (mean DHA enrichment level=14.7 mg/100 kcal), the observed findings suggest that formula with DHA content close to the recommendations would have a better effect when it is additionally enriched with EPA.

Regarding URTI, we found no significant association with the consumption of DHA/ARAenriched formula. Currently available studies showed inconsistent findings, with one RCT which highlights a protective effect of DHA/ARA enrichment on risk and delayed onset of URTI [START_REF] Birch | The impact of early nutrition on incidence of allergic manifestations and common respiratory illnesses in children[END_REF] , and another that showed no significant association with URTI incidence [START_REF] Pastor | Infants fed docosahexaenoic acid-and arachidonic acid-supplemented formula have decreased incidence of bronchiolitis/bronchitis the first year of life[END_REF] .

Although a previous observational study [START_REF] Lapillonne | Infants fed formula with added long chain polyunsaturated fatty acids have reduced incidence of respiratory illnesses and diarrhea during the first year of life[END_REF] found that DHA/ARA enrichment of infant formula was associated with a lower risk and delayed onset of diarrhea requiring medical attention, we were not able to highlight any association between this enrichment and gastrointestinal infections. This lack of association could be due to the cases definition (diarrhea requiring medical attention vs. hospitalization for gastroenteritis/dehydration or emergency consultation for diarrhea/vomiting/dehydration) and the type of outcome investigated (gastrointestinal infections [yes/no] and not age at first episode).

Finally, in agreement with the DIAMOND study [START_REF] Foiles | Formula with long-chain polyunsaturated fatty acids reduces incidence of allergy in early childhood[END_REF] , the consumption of DHA/ARA-enriched formula was not associated with the risk of itchy rash. However, a protective effect of DHA/ARA enrichment was found for allergic illness or skin allergic illnesses in children without a maternal history of allergy [START_REF] Foiles | Formula with long-chain polyunsaturated fatty acids reduces incidence of allergy in early childhood[END_REF] . One observational study also found that consumption of DHA/ARA-enriched formula was associated with a lower risk of having an increased number of eczema episodes, but not with its incidence [START_REF] Lapillonne | Infants fed formula with added long chain polyunsaturated fatty acids have reduced incidence of respiratory illnesses and diarrhea during the first year of life[END_REF] .

Although the literature focused mainly on DHA, our findings suggest that EPA could also play an important role. Indeed, DHA and EPA are both n-3 LCPUFAs and are important for growth, development and many aspects of health including cell function and inflammation 48- 52 .

The new European regulation now requires the enrichment of all infant and follow-on formula in DHA, whereas the enrichment in ARA and EPA remains optional. The European Academy of Pediatrics further suggested that DHA enrichment had to be combined with ARA enrichment [START_REF] Koletzko | Should formula for infants provide arachidonic acid along with DHA? A position paper of the European Academy of Paediatrics and the Child Health Foundation[END_REF] . Our results suggest that EPA enrichment could also be of great interest, as even with sufficient ALA in infant formula, the conversion capacity of ALA to EPA is very limited [START_REF] Swanson | Omega-3 fatty acids EPA and DHA: health benefits throughout life[END_REF] . However, further well-designed studies are needed to examine the potential benefits of such enrichment.

The ELFE cohort is a nationwide study of birth in 2011 in metropolitan France (excluding very preterm babies). The detailed data on infant diet allowed for examining precisely, under real conditions of use, the effect of LCPUFA enrichment on infection and allergy in childhood. We have to acknowledge that health data were reported by parents and not validated by medical records, which could lead to a potential measurement bias. However, the items used were derived from international ones [START_REF] Asher | Worldwide time trends in the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three repeat multicountry cross-sectional surveys[END_REF] to limit this bias. Moreover, the prospective design and the availability of repeated data on health-related outcomes in childhood limited memory bias. The very large sample and the collection of detailed socio-demographic or economic data ensured large statistical power and favoured control for potential confounders.

Furthermore, the interpretation of our findings should be done with caution as an arbitrary cut-off point (median LCPUFA content of formula) was used to classify infant formula consumed in this study as "low LCPUFA content" or "high LCPUFA content". Indeed, this methodological approach was used since very few infants consumed infant formula with the minimum dose used on the available RCTs (17 mg /100 kcal for DHA, n=75 infants) or that recommended by the European regulation (20 mg /100 kcal for DHA, n=1 infant). Further studies are needed to confirm the present results with less arbitrary cut-offs. We also performed several sensitivity analyses to examine the robustness of our results and to address selection and reverse causation bias. As findings remained stable across these sensitivity analyses, these potential biases, if any, should have a limited impact on our findings.

In conclusion, this observational study under real life conditions suggests that LCPUFAenriched formula, especially those with additional enrichment with high EPA level was associated with a lower risk of LRTI, URTI and use of asthma medications. However, URTI, findings were inconsistent across analyses. Replication in other observational studies and larger well-designed RCTs using the recommended levels are needed to confirm these results.
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