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Background

A growing body of evidences suggests an association between early exposure to organophosphates (OPs), organochlorines (OCs), pyrethroids or carbamates and autism spectrum disorder (ASD). However, there are limited data about the other pesticide groups, especially in Europe.

Objectives

Based on a systematic review, we aimed to assess the influence of neuro-and thyrotoxic agricultural and domestic pesticides (other than OPs, OCs, pyrethroids and carbamates) authorized in Europe on risk of ASD in children or ASD behavioral phenotypes in rodents.

Methods

Pesticides were initially identified in the Hazardous Substances Data Bank. 20 currently used (10 pesticide groups) were retained based on the higher exposure potential. Epidemiological (children) and in vivo (rodents) studies were identified through PubMed, Web of Science and TOXLINE, without restriction of publication date or country (last update: November 2019).

The risk of bias and level of evidence were also assessed. This systematic review is registered at the International Prospective Register of Systematic Reviews (PROSPERO, registration number CRD42019145384).

Results

In total, two epidemiological and 15 in vivo studies were retained, focusing on the azole, neonicotinoid, phenylpyrazole and phosphonoglycine pesticide groups. No study was conducted in Europe. Glyphosate, imidacloprid, clothianidin, myclobutanil, acetamiprid, tebuconazole, thiabendazole and fipronil, globally reported an association with an increased risk of ASD in children and/or ASD behavioral phenotypes in rodents. In children, glyphosate and myclobutanil showed a "moderate level of evidence" in their association with ASD, whereas imidacloprid showed an "inadequate level of evidence". In rodents, clothianidin, imidacloprid and glyphosate showed a "high level of evidence" in their association with altered behavioral, learning and memory skills.

Conclusion

In the framework of environmental risk factors of ASD, novel hypotheses can be formulated about early exposure to eight pesticides. Glyphosate presented the most salient level of evidence. Given their neuro-and thyrotoxic properties, additional studies are needed for the 12 other pesticides not yet studied as potential ASD risk factors according to our inclusion criteria.

I-Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition affecting approximately 1% of the general worldwide population [START_REF] Baxter | The epidemiology and global burden of autism spectrum disorders[END_REF] and characterized by persistent deficits in communication and social interactions associated to restricted interests and repetitive behaviors (American Psychiatric Association, 2013). These core symptoms of ASD typically manifest around the age of two years and are often associated with a wide range of clinical symptoms, such as anxiety, cognitive impairment, hyperactivity, hyper/hyporesponsiveness to sensory stimuli [START_REF] Dellapiazza | Links between sensory processing, adaptive behaviours, and attention in children with autism spectrum disorder: A systematic review[END_REF][START_REF] Abdallah | Psychiatric comorbidities in autism spectrum disorders: findings from a Danish Historic Birth Cohort[END_REF][START_REF] Matson | The effects of intellectual functioning on the range of core symptoms of autism spectrum disorders[END_REF][START_REF] Matson | Assessing challenging behaviors in children with autism spectrum disorders: A review[END_REF][START_REF] Leyfer | Comorbid psychiatric disorders in children with autism: Interview development and rates of disorders[END_REF]. The burden of the core and associated symptoms, along with the fact that they begin very early in life and are longlasting, make ASD a major cause of disability. ASD is a multifactorial condition with a demonstrated strong heritability [START_REF] Sandin | The Heritability of Autism Spectrum Disorder[END_REF]. More recently, the growing body of evidences that the developing human brain is particularly vulnerable to toxic chemicals [START_REF] Grandjean | Developmental neurotoxicity of industrial chemicals[END_REF]) has spawned investigations of potential environmental risk factors of ASD [START_REF] Landrigan | A research strategy to discover the environmental causes of autism and neurodevelopmental disabilities[END_REF].

Among the toxic chemicals that the population is ubiquitously exposed to, synthetic pesticides are of particular concern [START_REF] Bölte | The contribution of environmental exposure to the etiology of autism spectrum disorder[END_REF][START_REF] Lyall | Polychlorinated Biphenyl and Organochlorine Pesticide Concentrations in Maternal Mid-Pregnancy Serum Samples: Association with Autism Spectrum Disorder and Intellectual Disability[END_REF][START_REF] Modabbernia | Environmental risk factors for autism: an evidence-based review of systematic reviews and meta-analyses[END_REF][START_REF] Kalkbrenner | Environmental chemical exposures and autism spectrum disorders: a review of the epidemiological evidence[END_REF][START_REF] Lyall | Maternal lifestyle and environmental risk factors for autism spectrum disorders[END_REF][START_REF] Rossignol | Environmental toxicants and autism spectrum disorders: a systematic review[END_REF]. Even though approximately 500 active compounds are currently authorized for use in the European Union (http://ec.europa.eu/food/plant/pesticides/eu-pesticidesdatabase/public/?event=activesubstance.selection&language=EN, visited on the 22 May 2019), only a few have thus far been investigated as potential ASD risk factors. Most epidemiological studies conducted between 2006 and 2018 about ASD were mainly focused on a few pesticide groups, probably because they have been the most widely used since the mid-XIX century. These groups comprised of the organochlorines (OCs), organophosphates (OPs), pyrethroids and carbamates [START_REF] Roberts | Children's low-level pesticide exposure and associations with autism and ADHD: a review[END_REF]. Almost all were case-control studies conducted in California (USA). The first case-control study, carried out in 465 ASD children and 6975 typically developing children, reported the risk of ASD to be substantially higher in children whose mothers lived within 500 m of agricultural parcels in which OC was applied than those of mothers not exposed to these applications (odds ratio (OR) = 6.1, 95%CI: 2.4, 15.3) [START_REF] Roberts | Maternal residence near agricultural pesticide applications and autism spectrum disorders among children in the California Central Valley[END_REF]. Similarly, within the Childhood Autism Risks from Genetics and Environment (CHARGE) study (486 cases of ASD and 316 controls), proximity to OP application during pregnancy was associated with a 60% increase in ASD risk [START_REF] Shelton | Neurodevelopmental disorders and prenatal residential proximity to agricultural pesticides: the CHARGE study[END_REF]. Similar results were observed for pyrethroid insecticide exposure immediately prior to conception or during third trimester of pregnancy [START_REF] Shelton | Neurodevelopmental disorders and prenatal residential proximity to agricultural pesticides: the CHARGE study[END_REF]. These risks were amplified in children whose mothers had low folic acid intake (< 800µg) during the first trimester of pregnancy [START_REF] Schmidt | Combined prenatal pesticide exposure and folic acid intake in relation to autism spectrum disorder[END_REF]. Conflicting results have been reported in studies assessing prenatal OC exposure in serum. A case control study in California (545 cases of ASD and 418 controls) did not observe any significant relationship between OC metabolite levels in maternal serum and ASD risk [START_REF] Lyall | Polychlorinated Biphenyl and Organochlorine Pesticide Concentrations in Maternal Mid-Pregnancy Serum Samples: Association with Autism Spectrum Disorder and Intellectual Disability[END_REF], whereas a prospective cohort study conducted in 778 matched case-control pairs in Finland showed higher levels of OC in maternal serum than in the Californian study and a significant relationship between high levels of exposure to OC during pregnancy and the risk of ASD [START_REF] Brown | Association of maternal insecticide levels with autism in offspring from a national birth cohort[END_REF].

Another prospective study showed elevated maternal urinary levels of OP metabolites during pregnancy were also associated with an increased risk of ASD in girls, but not in boys [START_REF] Philippat | Prenatal exposure to organophosphate pesticides and risk of autism spectrum disorders and other non-typical development at 3 years in a high-risk cohort[END_REF]. Finally, numerous prospective birth-cohort studies conducted in the general population showed significant relationships between early exposure to pesticides and the onset of autistic behaviors or ASD-associated symptoms in healthy children [START_REF] Eskenazi | Organophosphate pesticide exposure and neurodevelopment in young Mexican-American children[END_REF][START_REF] Furlong | Prenatal exposure to organophosphate pesticides and reciprocal social behavior in childhood[END_REF][START_REF] Brown | Association of maternal insecticide levels with autism in offspring from a national birth cohort[END_REF][START_REF] Sagiv | Prenatal Organophosphate Pesticide Exposure and Traits Related to Autism Spectrum Disorders in a Population Living in Proximity to Agriculture[END_REF]. According to [START_REF] Roberts | Children's low-level pesticide exposure and associations with autism and ADHD: a review[END_REF], the results from the whole literature provided enough evidences that OCs, OPs, carbamates and pyrethroids may play a role in the ASD onset. Some of the biological effects of these pesticide groups, namely dysregulation of the excitation/inhibition neurotransmitter systems (OCs, OPs, carbamates and pyrethroids), oxidative stress (OPs, OCs), neuroinflammation (OPs, pyrethroids), and maternal thyroid function disruption during pregnancy (OCs, OPs), appear to also contribute to the pathophysiology of ASD. Consequently, these four common mechanisms have been proposed to explain how these pesticide groups may be biologically plausible contributors to ASD onset [START_REF] Shelton | Tipping the balance of autism risk: potential mechanisms linking pesticides and autism[END_REF][START_REF] Heyer | Environmental toxicology: Sensitive periods of development and neurodevelopmental disorders[END_REF].

The general population is actually exposed to a much wider range of pesticide groups other than the only OCs, OPs, carbamates and pyrethroids [START_REF] Beranger | Multiple pesticide analysis in hair samples of pregnant French women: Results from the ELFE national birth cohort[END_REF][START_REF] Ramos | Organochlorinated pesticides levels in a representative sample of the Spanish adult population: the Bioambient.es project[END_REF][START_REF] Dereumeaux | Imprégnation des femmes enceintes par les polluants de l'environnement en France en[END_REF][START_REF] Černá | Human biomonitoring in the Czech Republic: an overview[END_REF][START_REF] Becker | German Environmental Survey for Children 2003/06 (GerES IV), Human Biomonitoring-Levels of Selected Substances in Blood and Urine of Children in Germany[END_REF][START_REF] Schroijen | Internal exposure to pollutants measured in blood and urine of Flemish adolescents in function of area of residence[END_REF].

It is likely that among them, some pesticide groups, even though less used and/or newly marketed, share the same neurotoxic mechanisms as OCs, OPs, pyrethroids, and carbamates.

Identifying pesticides with such toxicity mechanisms and determining the level of evidence that can already be drawn from the emerging literature about their potential ASD risk would be of great interest for future researches aiming to pinpoint modifiable ASD environmental risk factors.

Considering the lack of interest on pesticide families other than OCs, OPs, pyrethroids and carbamates in the framework of ASD environmental risk factors, the aims of the present work are to (1) identify these other pesticides of interest that may influence the risk of ASD among those currently used in Europe, based on their toxicity profile and probability of exposure in the general population; Then to (2) apply a systematic review of studies on the association between the identified pesticides and risk of ASD in children or ASD behavioral phenotypes in rodents.

II-METHODS

1-Review framework

Firstly, we drew up an exhaustive list of neuro-and thyrotoxic pesticides other than OCs, OPs, pyrethroids and carbamates to which the European population is exposed.

Secondly, we systematically reviewed existing studies about these pesticides and their association with risk of ASD in children and ASD behavioral phenotypes in rodents. ASD behavioral phenotypes in rodents [START_REF] Pasciuto | Autism Spectrum Disorders: Translating human deficits into mouse behavior[END_REF] were gathered in psychomotor, cognitive functions and behavioral groups. The systematic review was conducted following the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA, [START_REF] Moher | Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement[END_REF] Screening, data extraction, data synthesis, assessment of risk of bias and the rating of confidence in the body of evidence were jointly conducted by JSO and MM. A consensus was reached between the two authors when necessary and in case of disagreement, a third author (AB) was required.

2-Study question

The search question was: "Does the current human epidemiological and in vivo evidence support a potential role of neuro-and thyrotoxic pesticides authorized in Europe other than those widely studied (i.e. OCs, OPs, pyrethroids and carbamates) in the risk of ASD in children or ASD behavioral phenotypes in rodents?"

3-Selection of neuro-and thyrotoxic pesticides to which the European population is exposed

We used (1) the Hazardous Substances Data Bank (HSDB) of the U.S. National Library of Medicine (https://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm) from May 6-23, 2019. Based on mechanisms than can potentially lead to ASD, the following terms were successively entered in the database: ("pesticide*" AND ("neuro*" OR "nervous"), then "pesticide*" AND "oxidative stress" and finally "pesticide*" AND ("thyroid*" OR "thyrotoxic*")). A total of 1646 chemicals were obtained among which 649 pesticides had adverse neuro-and/or thyrotoxic effects reported in humans and/or animals. (2) The next step consisted in excluding OP, OC, pyrethroid and carbamate groups. In addition, pesticides for which the reported effects were only limited to "headache", "dizziness" or "weakness" were excluded (192 pesticides remaining). After deleting duplicates, we obtained 149 pesticides.

3.1-Selection of domestic pesticides authorized in Europe

For domestic pesticides, we used the European Chemical Agency (ECHA) database (https://echa.europa.eu) and checked for pesticide use status "approved" or "initial approval in progress" on May 24, 2019. Among the 149 pre-selected pesticides, we only retained 24 domestic pesticides.

3.2-Selection of agricultural pesticides authorized in Europe

We checked the status for use of the 149 pre-selected pesticides in the EU pesticides database according to Plant Protection Directive 91-414-EEC (http://ec.europa.eu/food/plant/pesticides/eu-pesticidesdatabase/public/?event=activesubstance.selection&language=EN). We retained those with status "Approved" or "Pending" on May 24, 2019. When a pesticide was not found in the EU pesticides database, we used a synonym proposed in the open chemistry database of the National Institutes of Health, PubChem (https://pubchem.ncbi.nlm.nih.gov/ ). The remaining "not found" pesticides were excluded. Finally, 85 agricultural pesticides were retained.

3.3-Final selection of domestic and agricultural pesticides

For agricultural pesticides, to limit the final selection to those that the European population is the most likely to be exposed, we first used data from "The 2016 European Union report on pesticide residues in food" published by the European Food Safety Authority (EFSA) in 2018.

In this EFSA's report, 791 agricultural pesticide residues were measured in 84657 food samples of the EU member states, Iceland and Norway in 2016 (EFSA, 2018). We then crossed the 85 agricultural pesticides with those found by the EFSA and which were prioritized by the European Union Control Program (EUCP); We retained those that were common to the two lists and 35 pesticides remained. In the last step, we crossed the 35 agricultural pesticides with the 165 indexed in the chronic Cumulative Assessment Groups (CAGs) for neurotoxicity (64 pesticides) and thyrotoxicity (101 pesticides) established by the EFSA [START_REF] Efsa | Panel on Plant Protection Products and their Residues. Scientific Opinion on the identification of pesticides to be included in cumulative assessment groups on the basis of their toxicological profile[END_REF]. Finally, we retained 20 agricultural pesticides.

We finally crossed the 24 domestic and 20 agricultural pesticides with those which have reached at least the level of detection in biological specimens considered in the framework of pesticide biomonitoring studies in Europe [START_REF] Beranger | Multiple pesticide analysis in hair samples of pregnant French women: Results from the ELFE national birth cohort[END_REF][START_REF] Dereumeaux | Imprégnation des femmes enceintes par les polluants de l'environnement en France en[END_REF] to select pesticides that could be detected in the European population. After removing duplicates, a total of 20 domestic and/or agricultural pesticides sorted into 10 groups was obtained. A detailed flowchart of the pesticide selection process is presented in Figure 1.

4-Literature review about the relationship between early exposure to the selected pesticides and ASD risk

4.1-Search strategy

We used PubMed electronic database without any limitation on language, publication date or geographical location of the study. For each pesticide group retained, a literature search was conducted, with a last update on November 2019, to identify relevant studies for this review.

Search terms covered early periods of exposure of the selected pesticides and ASD risk, ASD behavioral phenotypes in rodents. We chose these windows of exposure in humans because during these periods, the developing brain is particularly vulnerable to toxic chemicals [START_REF] Grandjean | Developmental neurotoxicity of industrial chemicals[END_REF].

The following terms were entered in PubMed: (1) for study population, ("offspring" OR "neonatal" OR "in utero" OR "development*" OR "pregnan*" OR "gestational" OR "newborn" OR "prenatal" OR "perinatal" OR "fetus" OR "fetal"), (2) for the outcome, ("neuro*" OR "neurobehavior*" OR "neurodevelopment*" OR "developmental neurotoxicity" OR "motor" OR "cogniti*" OR "behavior*" OR "central nervous system" OR "brain" OR "autis*" OR "autism spectrum disorder*), (3) for the exposure, ("name of pesticide group" OR "pesticide active substance 1" OR "pesticide active substance 2" OR …), e.g.:

("neonicotinoids" OR "imidacloprid" OR "acetamiprid" OR "clothianidin" OR "thiacloprid" OR "dinotefuran" OR "thiamethoxam"). We also used the Toxicology Literature Online 

4.2-Study eligibility criteria

Eligibility criteria for the key PECO elements (population, exposure, comparators and outcomes) are defined and summarized in the PECO statement (Table 1). , 1998 and 2012). Exclusion criteria accounted for:

(1) in vitro studies, (2) studies that reported pesticide levels in biological specimens without any ascertainment of neurodevelopmental outcomes, (3) studies on pesticide mixtures and (3) studies related to exposure to high doses of pesticides occurring during accidental or intentional poisoning.

4.3-Study selection

The article selection process was made according to guidelines reported by The Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement [START_REF] Moher | Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement[END_REF]. The selection began by reading article titles followed by reading abstracts when titles were unspecific. Finally, full-text articles eligible for this review were read.

4.4-Data extraction

The following information were extracted from eligible articles: (1) the name of the pesticide active substance, (2) author(s), publication year and country, (3) study design, population, and statistical methods, (4) exposure assessment, (5) outcomes and outcome assessments, and (6) main results.

4.5-Risk of bias assessment and confidence in the body of evidence

4.5.1-Risk of bias assessment

We used the NTP/OHAT Risk of Bias Rating Tool for Human and Animal Studies' criteria (NTP/OHAT, 2019) to assess the risk of bias of each study included in this systematic review.

This classification is based on a tiered approach (more details are provided in Supplemental Material, Section 2.1) which classifies studies in:

Tier 1: a study must be rated as "definitely low" or "probably low" risk of bias for key criteria AND "definitely low" or "probably low" risk of bias for most other applicable criteria.

Tier 2: study meets neither the criteria for tiers 1 nor 2.

Tier 3: a study must be rated as "definitely high" or "probably high" risk of bias for key criteria AND "definitely high" or "probably high" risk of bias for most other applicable criteria.

4.5.2-Confidence in the body of evidence and level of evidence

We assessed the confidence in the body of evidence and related level of evidence using the NTP/OHAT framework (NTP/OHAT, 2019) which describes criteria for assessing the strength of evidences consistent with the Hill's criteria for causation [START_REF] Hill | The Environment and Disease: Association or Causation?[END_REF]. The confidence in the body of evidence rating was assessed considering the initial rating of confidence based on the study design, factors that may downgrade and upgrade the initial confidence rating (more details are provided in Supplemental Material, Section 2.2). The final rate of evidence was classified in four descriptors: "high", "moderate", "low" or "very low" confidence and then translated into level of evidence in "high," "moderate", "low", "evidence of no health effect," and "inadequate evidence". Details are presented in Table S5.

III-RESULTS

1-Selected Pesticides

We selected 20 pesticide active substances neuro-and/or thyrotoxic (other than OPs, OCs, pyrethroids and carbamates) authorized in Europe. We gathered them into 10 pesticide groups: aniline-pyrimidine, azoles, carboxamides, neonicotinoids, oxadiazines, phenylpyrazoles, phosphonoglycine, strobilurins, triazines and urea herbicides (Table 2).

These pesticides were mainly agricultural or had a mixed use (i.e. agricultural and domestic)

and were mainly represented by fungicides, insecticide/acaricides or material preservatives. Of the 61 remaining articles, after reading full texts, we excluded seven due to the study design (in vitro study n=1, exposure/risk assessment, environmental monitoring n=6), 13 due to the exposure (pesticide mixtures n=8, non-targeted pesticides n=5), 20 due to the outcomes (i.e. not ASD or ASD behavioral phenotypes) and three due to a non-targeted route of exposure in experimental studies (intravenous n=2, intraperitoneal n=1). We decided to exclude a last epidemiological study, which met inclusion criteria because in this study, analyses were not possible due to the limited number of ASD (2 cases).

2-

Finally, according to the PRISMA statement guidelines [START_REF] Moher | Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement[END_REF]), a total of 17 studies were retained in this review (Figure 2) and are summarized in Table 3.

2.2-Study characteristics

The 17 studies were published between 2001 and 2019. Among them, two were epidemiological, all conducted in the USA, and 15 were in vivo studies. The studies exclusively involved four pesticide groups (azoles, neonicotinoids, phenylpyrazole, and phosphonoglycine) of the 10 obtained.

Epidemiological studies

The two epidemiological studies were population-based case-control ones [START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF][START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF] and investigated the effects of an early exposure to azoles, neonicotinoids and phosphonoglycine on the ASD risk in children.

Regarding exposure assessment, only indirect estimates were available. Exposures were assessed through parental interviews [START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF] or using methods that estimated the amount of agricultural pesticides used in an a priori defined distance from the residence [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF]. These last methods relied on public data from local agricultural application records, land use survey providing the location of specific crops and on geographical information systems (GIS) that allow projection of these data in a defined area around each residential address. The resulting exposure variables were all dichotomized (exposed vs. unexposed).

The time windows of exposure and adjustments in the statistical analyses were homogeneous between the two studies. Both investigated the effects of exposure during the prenatal period [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF][START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF]. The period just before conception [START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF] and the first years of life were also considered in the two studies [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF][START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF]. Overall, sex and age of the children, maternal education [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF][START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF], as well as maternal age [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF] were considered as potential confounding factors in the relationship between pesticide exposure and ASD risk.

In vivo studies

The in vivo studies performed behavioral tests that are used to detect ASD behavioral phenotypes in genetic rodent models [START_REF] Pasciuto | Autism Spectrum Disorders: Translating human deficits into mouse behavior[END_REF]. Social interaction was evaluated by observing aggressive behaviors in the resident-intruder test [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF]. Restricted interests were assessed using the open field test (OFT) (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF][START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF][START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF]Godinho et al., 2016;[START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF]. This test consists in placing mice in a large and brightly light box. The time spent in the more aversive center zone and time spent in the peripheral zone are quantified. Restricted interests can induce a diminution of the exploratory behavior. The OFT was also commonly used to test hyperactivity and anxiety-like behavior. Other tests, such as the elevated plus maze (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF] or the light dark exploration [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF] based on rodents' innate preference for small, dark and enclosed spaces, were also used to reveal anxiety-like behavior. Depression-like behavior was assessed using the forced swim [START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF][START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF]) and the tail suspension tests (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF]. Learning and memory deficits were mainly explored by observing the rodents' behavior in mazes (Morris water maze test and the probe trial, water T-maze) [START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF][START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF][START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF]Tanaka, 2012a[START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF][START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF], whereas one study used the new object recognition task (Godinho et al., 2016). Finally, some of the in vivo studies explored general neurological functioning by observing the sensorimotor development of rodents [START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF][START_REF] Udo | Prenatal exposure to a low fipronil dose disturbs maternal behavior and reflex development in rats[END_REF]Tanaka, 2012a[START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF][START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF].

Most of the in vivo studies exposed female rodents during the gestational and lactation periods and performed the behavioral tests in the offspring early in life (from the first postnatal days to just after weaning) [START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF][START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF]Godinho et al., 2016;[START_REF] Udo | Prenatal exposure to a low fipronil dose disturbs maternal behavior and reflex development in rats[END_REF][START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF] or slightly later, after the period of exposure in the offspring [START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF]Tanaka, 2012a;[START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF][START_REF] Tanaka | Reproductive and neurobehavioural effects of thiabendazole administered to mice in the diet[END_REF]. Some studies exclusively investigated the effects of postnatal exposure to pesticides in young rodents (Godinho et al., 2016;[START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF][START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF], with periods of exposure ranging from 15 days to three months. For imidacloprid, in particular, a compound from the neonicotinoids group, the population study was limited to male rodents [START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF][START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF][START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF]. The doses selected varied between studies.

Some chose to investigate the effects of very low exposure doses. In this design, experimental groups were exposed to doses inferior to the non-observable adverse effect level (NOAEL) as defined for each compound on TOXNET (https://toxnet.nlm.nih.gov/newtoxnet/toxline.htm) [START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF][START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF][START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF]; Others studies focused on the effects of low (doses similar to the NOAEL) (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF][START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF][START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF][START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF] or high doses (doses superior to the NOAEL) (Godinho et al., 2016;[START_REF] Udo | Prenatal exposure to a low fipronil dose disturbs maternal behavior and reflex development in rats[END_REF]Tanaka, 2012a[START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF][START_REF] Tanaka | Reproductive and neurobehavioural effects of thiabendazole administered to mice in the diet[END_REF].

2.3-Epidemiological and in vivo studies reviewed for relevance

2.3.1-Azole group

Myclobutanil

Epidemiological evidences

We found only one study, a case-control, conducted in California (USA) that enrolled 2961 children with ASD and 35370 controls [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF]. ASD cases were selected from the registry of the California Department of Developmental Services. The ASD diagnosis was based on the DSM-IV-R criteria (American Psychiatric Association, 2000).

Children were considered to be exposed if myclobutanyl was applied in agricultural parcels within a 200m radius of their residence during the prenatal period and first year of life. A nonsignificant association was found between prenatal exposure to myclobutanil and ASD risk (OR: 1.04, 95% CI: 0.96, 1.12). This association became significant when ASD was associated with intellectual disability (ID) with an OR of 1.32, 95% CI: 1.09, 1.60 [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF].

In vivo evidences

No in vivo study met our inclusion criteria.

Tebuconazole Epidemiological evidences

No epidemiological study met our inclusion criteria.

In vivo evidences [START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF] investigated the effect of prenatal and postnatal exposure to tebuconazole on neurological integrity, motor activity, sensorimotor responses, and learning and memory in rats. The results showed that prenatal exposure followed by early postnatal exposure to doses equivalent to the NOAEL (20-60 mg/kg/day) may induce alterations in spatial learning and working memory in rats [START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF].

Thiabendazole Epidemiological evidences

No epidemiological study met our inclusion criteria.

In vivo evidences

One study investigated the effect of prenatal and postnatal exposures to thiabendazole on sensorimotor development, exploratory behavior and learning in mice [START_REF] Tanaka | Reproductive and neurobehavioural effects of thiabendazole administered to mice in the diet[END_REF]. In comparison to control groups, mice pre-and postnatally exposed to a dose equivalent to 700± 1800 mg/kg bw/day of thiabendazole (> NOAEL) showed a delay in sensorimotor development and a decrease in emotionality during the exploratory behavior test.

Cyproconazole and triadimenol

No epidemiological nor in vivo study met our inclusion criteria.

2.3.2-Neonicotinoids group

Acetamiprid

Epidemiological evidences

No epidemiological study met our inclusion criteria.

In vivo evidences

Male mice exposed to 1.0 mg/kg of acetamiprid (< NOAEL) during the prenatal and lactation periods presented a reduction of anxiety level, a hyperactivity and an increase of aggressive behaviors but no differences in spatial learning ability, behavioral flexibility and impulsivity during adulthood in comparison to the control group [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF].

Clothianidin Epidemiological evidences

No epidemiological study met our inclusion criteria.

In vivo evidences

Tanaka conducted two experimental studies in mice in 2012 to investigate the effects of an early exposure to doses equivalent to 4-33 mg/kg bw/day of clothianidin (similar to NOAEL) on the sensorimotor development and exploratory behavior. The period of exposure lasted from early gestation to the end of the lactation period in the first study [START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF], while the second study pursued the exposure in the offspring until the 11 th week of life (Tanaka, 2012a). Both studies observed an acceleration of the sensorimotor development in the early postnatal days in the exposed groups, as well as an increase in motor activity during the exploratory behavior when mice were three weeks old. Such increased activity was still observed at eight weeks of age when exposure ended at weaning (i.e. 21 days of age) [START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF]. In contrast, in the other experiment, mice still being exposed to clothianidin were less active than controls (Tanaka, 2012a). No influence of clothianidin was observed on spatial learning in mice (Tanaka, 2012a[START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF].

This last observation was reproduced in another in vivo study conducted in juvenile male rats exposed to similar doses of clothianidin (24 mg/kg) as those in Tanaka's studies administrated from the early postnatal period to three months of age [START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF]. In contrast to the studies of Tanaka, this study showed that the consolidation of memory was adversely affected in the exposed juvenile rats compared to the control group [START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF].

Imidacloprid Epidemiological evidences

Two case-control studies investigated the effects of early exposure to imidacloprid on the ASD risk. The first one, already described in the section on myclobutanyl [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF], did not reveal any significant association between early exposure to imidacloprid used on agricultural parcels nearby maternal residence and the ASD risk, with an estimated OR close to 1. The other case control study was interested in maternal use of imidacloprid in the domestic context during the prenatal period and the three first years of life, estimated through maternal interviews performed at the time of the study, i.e. several years after pregnancy. Also conducted in California (US), this study was conducted on a smaller sample than the previous one, 407 ASD children from the CHARGE study and 262 controls. The results showed a non-statistically significant increase of 30% in the risk of ASD among the children of women using imidacloprid in the domestic context during pregnancy (OR =1.3, 95%CI: 0.78, 2.2) [START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF].

In vivo evidences

Maternal exposure to very low doses of imidacloprid, 0.65 mg/kg/day (< NOAEL) during the lactation period in mice (approximately one month) did not alter working memory performances in the offspring (Bashkar et al., 2017). In contrast, a chronic postnatal exposure to very low doses of imidacloprid (0.5 and 1.0 mg/kg bw/day) induced anxiety-and depression-like behaviors in young rats [START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF], and low doses, 2 and 8 mg/kg (similar to the NOAEL), significantly decreased learning skills and memory consolidation in young rats [START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF].

Dinotefuran, thiacloprid and thiamethoxam

No epidemiological nor in vivo study met our inclusion criteria.

2.3.3-Phenylpyrazole group

Fipronil

Epidemiological evidences

No epidemiological evidence met our inclusion criteria.

In vivo evidences

The two in vivo studies retained were conducted in Brazil and used a commercial formulation of fipronil (Regent®800WG). In the first study, prenatal exposure of rats to low doses of fipronil (0.1 and 1 mg/kg/day) delayed sensorimotor development in the offspring [START_REF] Udo | Prenatal exposure to a low fipronil dose disturbs maternal behavior and reflex development in rats[END_REF]). In the second study, high doses, 10 and 30 mg/kg (>NOAEL), of Regent® 800WG

were given to young rats for 15 days to investigate the effects of such postnatal exposure on memory skills and locomotor activity. The results showed memory alterations and decreased locomotor activity in exposed rats compared to controls (Godinho et al., 2016).

2.3.4-Phosphonoglycine group

Glyphosate

Epidemiological evidences

We found one study, conducted in the USA, already been described in the section on myclobutanil (Von Ehreinstein et al., 2019). The results showed an increased risk of ASD, with or without ID, in children prenatally exposed to agricultural glyphosate application near their mother's residence (OR: 1.33, 95%CI: 1.05, 1.69; and OR: 1.16, 95% CI: 1.06, 1.27, respectively) (Von Ehreinstein et al., 2019).

In vivo evidences

Effects of glyphosate on motor activity were investigated in four studies using the open field test. Prenatal and postnatal exposures to 100-500 mg/kg/day of glyphosate were associated with hypoactivity in rats and mice (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF], whereas no effect was observed in rat offspring exposed to very low doses (70 mg /kg/day) during the prenatal period [START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF].

Rodents exposed to very low [START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF] and low doses (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF] of glyphosate during the pre-and postnatal periods also showed depressionlike behaviors compared to the control groups.

Inconsistent results were observed regarding the effects of glyphosate on anxiety-like behavior. Although undergoing similar behavioral tests to assess anxiety, rats exposed to very low doses of glyphosate during the prenatal period did not behaved differently than the control group [START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF], whereas mice exposed to slightly higher doses during a long postnatal period showed an anxiety-like behavior, unlike the control group (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF].

2.3.5-Anilino-pyrimidine, carboxamide, oxadiazine, strobilurins, triazine and urea herbicide groups

No epidemiological or in vivo evidence according to our inclusion criteria was found for anilino-pyrimidine (pyrimethanil), carboxamides (boscalid), oxadiazine (indoxacarb), strobilurins (azoxystrobin), triazine (terbuthylazine), or urea herbicides (diuron and isoproturon).

2.4-Risk of bias assessment

The results of the risk of bias assessment is presented in Table 4 and the rationale of each article's evaluation is presented in Supplemental Material Table S6 -S22.

Epidemiological study

For the key bias domains, the study of [START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF] presented a "probably high" risk of bias for the exposure characterization and was classified in Tier 2 for risk of bias. The study of Von Ehreinstein ( 2019) well reported all key bias domains and was classified as tier 1 for a risk of bias.

In vivo studies

The studies of [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF], [START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF], and Ozdemir et al. ( 2014) presented a "definitely high" risk of bias for exposure characterization, which is one of the key bias domains. Approximately half of the studies [START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF][START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF]Godinho et al., 2016;[START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF]Tanaka, 2012a;[START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF][START_REF] Tanaka | Reproductive and neurobehavioural effects of thiabendazole administered to mice in the diet[END_REF] did not mention potential conflicts of interest.

Globally, the in vivo studies were mainly classified as tier 1 (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF][START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF][START_REF] Khalil | Imidacloprid insecticide exposure induces stress and disrupts glucose homeostasis in male rats[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF]Godinho et al., 2016;[START_REF] Udo | Prenatal exposure to a low fipronil dose disturbs maternal behavior and reflex development in rats[END_REF]Tanaka, 2012a[START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF][START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF][START_REF] Tanaka | Reproductive and neurobehavioural effects of thiabendazole administered to mice in the diet[END_REF] or tier 2 [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF][START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF][START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF] for the risk of bias.

2.5-Confidence in the body of evidence and level of evidence

Epidemiological studies

For the epidemiological studies, when a single study investigated the ASD risk for a pesticide active substance, we adapted the criteria to this single study to rate the confidence in its findings.

The evaluation showed there was: i) an "inadequate level of evidence" in the body of evidence for an association between early exposure to imidacloprid and an increased ASD risk; ii) a "moderate level of evidence" in the body of evidence for an association between early exposure to myclobutanyl and an increased ASD risk, and iii) a "moderate level of evidence" in the body of evidence for an association between early exposure to glyphosate and an increased ASD risk, as shown in Table 5 (individual rating details are shown in tables S23 to S25).

In vivo studies

The diversity of the ASD behavioral phenotypes in rodents made the construction of the body of evidence challenging for in vivo studies. We gathered studies investigated the same ASD behavioral phenotypes, namely behavioral development impairment for clothianidin, learning and memory deficit for imidacloprid, and depression-like behaviors and anxiety for glyphosate.

We found a "high level of evidence" in rodents for an association between i) exposure to clothianidin and behavioral development impairment, ii) exposure to imidacloprid and learning and memory deficits, and iii) exposure to glyphosate and the presence of depressionlike symptoms and anxiety, as presented in Table 5 (individual rating details are shown in tables S26 to S28).

IV-DISCUSSION

1-Summary of evidences

We identified 20 pesticide active substances, divided into 10 pesticide groups, which are in current use in Europe for which the levels are detectable in food and European individuals and which share similar toxicity mechanisms (neurotoxicity and/or thyrotoxicity, Table 1) with pesticides already considered to be probable ASD environmental risk factors (OPs, OCs, pyrethroids and carbamates). Among them, nine have both agricultural and domestic uses (diuron, cyproconazole, tebuconazole, thiabendazole, azoxystrobin, acetamiprid, imidacloprid, thiacloprid, and indoxacarb), six are exclusively agricultural (pyrimethanil, triadimenol, boscalid, myclobutanil, glyphosate, terbuthylazine) and five, exclusively domestics (isoproturon, fipronil, thiametoxam, dinotefuran, clothianidin). Among these pesticides, the European legislation distinguishes between plant protection products (used for crops and gardens) and biocides (for domestic use, except gardens), which explains why some are authorized for certain uses and not for others.

The 17 studies selected concerned eight pesticides (glyphosate, imidacloprid, clothianidin, myclobutanil, acetamiprid, tebuconazole, thiabendazole and fipronil) from four groups (azoles, neonicotinoids, phenylpyrazoles, and phosphonoglycines). The risk of bias was rated as "definitively low" or "probably low" for all studies. For the eligible pesticide, glyphosate and myclobutanil presented "moderate level of evidence" in their association with ASD risk in children and imidacloprid, an "inadequate level of evidence". In rodents, clothianidin, imidacloprid and glyphosate showed a "high level of evidence" in their associations with altered behavior and learning and memory skills.

2-Levels of exposure in the European population

Overall, epidemiological studies retained in this systematic review did not permit to appreciate the exposure frequency and intensity of our pesticides of interest in the general population. However, some of them have been reported in biological and/or environmental monitoring studies in Europe. The recent study from [START_REF] Beranger | Multiple pesticide analysis in hair samples of pregnant French women: Results from the ELFE national birth cohort[END_REF] measured a panel of pesticides in hair samples of 311 French pregnant women. The azole, carboxamide, neonicotinoid, phenylpyrazole, strobilurins and urea herbicide groups were the most detected among our pesticide of interest. Thiabendazole (azole fungicide) and fipronil (phenylpyrazole insecticide) presented the highest percentage of detection with respectively 90% (median concentration of 0.68 pg/mg) and 87% with a median concentration of 1.62 pg/mg [START_REF] Beranger | Multiple pesticide analysis in hair samples of pregnant French women: Results from the ELFE national birth cohort[END_REF].

Still in pregnant women (n=1036) coming from various locations in France, the frequency of glyphosate detection in urine samples was <1%, whereas a detection rate of 43% was observed in 546 women in Brittany [START_REF] Dereumeaux | Imprégnation des femmes enceintes par les polluants de l'environnement en France en[END_REF]. In Germany, glyphosate was detected in 40% of the 319 urine samples of young adults in 2015 [START_REF] Conrad | Glyphosate in German adults -Time trend (2001 to 2015) of human exposure to a widely used herbicide[END_REF]. While the levels of glyphosate were <1µg/L in these studies in the general population [START_REF] Dereumeaux | Imprégnation des femmes enceintes par les polluants de l'environnement en France en[END_REF][START_REF] Conrad | Glyphosate in German adults -Time trend (2001 to 2015) of human exposure to a widely used herbicide[END_REF] Although there is a lack of data on exposure levels of many pesticides we identified as potential risk factors of ASD in this systematic review, those for which we found data highlight that these pesticides are widespread, and populations are exposed to them at a nonnegligible frequency.

3-Epidemiological studies

Based on our inclusion criteria, no conclusion could be drawn from the existing literature about the relationships between early exposure to imidacloprid (neonicotinoid insecticide) and ASD risk in children. In fact, the level of evidence in the body of evidence was considered "inadequate" [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF][START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF] meaning an insufficient number of evidence to draw a conclusion in favor or against this association. This finding highlights the need for more studies to better appreciate whether or not imidacloprid could increase ASD risk in children.

This review also showed that early exposure to myclobutanil (azole fungicide) and glyphosate (phosphonoglycine herbicide) increased ASD risk in children and level of evidence was "moderate". This level of evidence was based on the results of a well-conducted study with a "probably low risk of bias" [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF]. The magnitude of the association was limited to 6 to 27% increase in the risk of ASD in children from the general population environmentally exposed during the prenatal period compared to non-exposed children [START_REF] Von Ehrenstein | Prenatal and infant exposure to ambient pesticides and autism spectrum disorder in children: population based case-control study[END_REF]. Although well conducted, this study needs to be compared in future to others ones to see if the finding is confirmed or not.

Globally, this review showed a lack of epidemiological studies on our pesticides of interest and ASD risk in children. Researchers should be encouraged to study in addition to OPs, OCs, pyrethroids and carbamates, at least imidacloprid, myclobutanil and glyphosate for a beginning in the framework of environmental risk factors of ASD in children.

4-In vivo studies

In rodents, imidacloprid appears to alter the spatial learning and consolidation of memory skills. The level of evidence in studies [START_REF] Kara | Insecticide imidacloprid influences cognitive functions and alters learning performance and related gene expression in a rat model[END_REF][START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF]) was evaluated as "high", confirming the robustness of this finding. A study [START_REF] Ozdemir | Determination of the effects on learning and memory performance and related gene expressions of clothianidin in rat models[END_REF] with "probably low risk of bias" showed that clothianidin, another neonicotinoid insecticide, altered spatial learning and memory in rodents. Even we could not draw a level of evidence for this single study on clothianidin, its suggests a potential risk which should be verified by further studies. Contrarily with the three previous studies, another neonicotinoid insecticide, acetamiprid did not alter spatial learning ability in rodents [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF]. However, this result should be taken with caution because it was classified in Tier 2 in the bias risk assessment meaning plausible bias that raises some doubt about the results. This finding was similar to another study with "probably low risk of bias" conducted by [START_REF] Bhaskar | Neonatal Exposure to Endocrine Disrupting Chemicals Impairs Learning Behaviour by Disrupting Hippocampal Organization in Male Swiss Albino Mice[END_REF] which found a non-significant alteration of working memory after exposed mice to imidacloprid. Godinho et al. (2016) demonstrated in a "probably low risk of bias" study, a loss of memory in rats exposed to fipronil (phenylpyrazole insecticide) suggesting the role plaid by this pesticide in the onset of a usual ASD phenotype (Pasciutto et al., 2015).

Tebuconazole (azole fungicide) also seemed to alter memory in rodents [START_REF] Moser | The effects of perinatal tebuconazole exposure on adult neurological, immunological, and reproductive function in rats[END_REF]);

This study presented a "probably low risk of bias".

Studies on clothianidin (Tanaka, 2012a;[START_REF] Tanaka | Effects of maternal clothianidin exposure on behavioral development in F1 generation mice[END_REF], reported behavioral developmental impairments in rodents. The level of evidences in the set of studies was "high" supporting the robustness of the findings. Another pesticide, thiabendazole (azole fungicide) appeared to induce an impairment in behavioral developmental in rodents [START_REF] Tanaka | Reproductive and neurobehavioural effects of thiabendazole administered to mice in the diet[END_REF] in a "probably low risk of bias" study. An increase of aggressive behaviors and hyperactivity were also observed when mice received acetamiprid [START_REF] Sano | In utero and Lactational Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice[END_REF]. A last study [START_REF] Udo | Prenatal exposure to a low fipronil dose disturbs maternal behavior and reflex development in rats[END_REF] suggested that fipronil delayed reflexes in rodents.

A series of in vivo studies (Ait [START_REF] Ait Bali | Glyphosate based-herbicide exposure affects gut microbiota, anxiety and depression-like behaviors in mice[END_REF][START_REF] Bali | Behavioral and immunohistochemical study of the effects of subchronic and chronic exposure to glyphosate in mice[END_REF][START_REF] Cattani | Developmental exposure to glyphosate-based herbicide and depressive-like behavior in adult offspring: Implication of glutamate excitotoxicity and oxidative stress[END_REF][START_REF] Gallegos | Exposure to a glyphosate-based herbicide during pregnancy and lactation induces neurobehavioral alterations in rat offspring[END_REF] suggested that exposure to glyphosate (phosphonoglycine herbicide) induces in rodents, mood disorders, in particular depressive behaviors and this finding presented a "high level of confidence".

Globally, azole fungicides, neonicotinoid and phenylpyrazole insecticides and phosphonoglycine herbicide appeared to alter variously core symptoms frequently found in the context of ASD in humans (Pasciutto et al., 2015). These findings should arouse the interest of researchers in investigating the effect of these pesticides in the ASD human context.

5-Pesticide groups without any evidence founded according to our inclusion criteria

In this systematic review, we found no epidemiological nor in vivo study based on our inclusion criteria for any of the six pesticide groups, anilino-pyrimidines (pyrimethanil), carboxamides (boscalid), oxadiazines (indoxacarb), strobilurins (azoxystrobin), triazines (terbuthylazine), or urea herbicides (diuron and isoproturon). Some of them share the same neurotoxicological mechanisms with the most studied pesticides OPs, OCs, pyrethroids and carbamates [START_REF] Abreu-Villaça | Developmental neurotoxicity of succeeding generations of insecticides[END_REF][START_REF] Shelton | Tipping the balance of autism risk: potential mechanisms linking pesticides and autism[END_REF], for which the association with ASD in the literature have been sufficiently demonstrated [START_REF] Roberts | Children's low-level pesticide exposure and associations with autism and ADHD: a review[END_REF][START_REF] Schmidt | Combined prenatal pesticide exposure and folic acid intake in relation to autism spectrum disorder[END_REF][START_REF] Brown | Association of maternal insecticide levels with autism in offspring from a national birth cohort[END_REF][START_REF] Keil | Autism spectrum disorder, flea and tick medication, and adjustments for exposure misclassification: the CHARGE (CHildhood Autism Risks from Genetics and Environment) case-control study[END_REF][START_REF] Shelton | Neurodevelopmental disorders and prenatal residential proximity to agricultural pesticides: the CHARGE study[END_REF][START_REF] Eskenazi | Organophosphate pesticide exposure and neurodevelopment in young Mexican-American children[END_REF][START_REF] Roberts | Maternal residence near agricultural pesticide applications and autism spectrum disorders among children in the California Central Valley[END_REF]. However, lack of evidence does not exclude the potential harmfulness of these pesticides. It simply highlights the fact that much remains to be done for these pesticides in the context of ASD, at least experimentally for a start.

6-Strength and limitations of this systematic review

6.1-Strengths

One of the main strengths of this systematic review is the thorough selection process of pesticides through an exhaustive search within the two main European pesticide/chemical databases, the EU pesticides database (http://ec.europa.eu/food/plant/pesticides/eu-pesticidesdatabase/public/?event=activesubstance.selection&language=EN) and the ECHA database (https://echa.europa.eu). Secondly, we focused on both agricultural and domestic pesticides, helping to provide a global overview of environmental exposure to pesticides. Thirdly, many data crossings were performed with reports of an official European agency (EFSA) and findings of recent well-conducted European studies [START_REF] Beranger | Multiple pesticide analysis in hair samples of pregnant French women: Results from the ELFE national birth cohort[END_REF][START_REF] Dereumeaux | Imprégnation des femmes enceintes par les polluants de l'environnement en France en[END_REF]. In contrast to many previous systematic reviews on pesticides, we also included in vivo studies in rodents, which permitted us to have more evidences and suggestions on the effects of our pesticides of interest on the onset of ASD behavioral phenotypes commonly founded in the context of ASD in human (Pasciutto et al., 2015). Moreover, these ASD behavioral phenotypes in rodents are well-established prognostic factors of a non-favorable clinical evolution of ASD in children [START_REF] Maski | Common neurological co-morbidities in autism spectrum disorders[END_REF]. Finally, for pesticides for which we rated the body of evidence, we were able to have a relevant assessment of the level of confidence to grant to selected articles.

6.2-Limitations

Some limitations in this review should be considered. The first is inherent to this systematic review, because even we focused on pesticides authorized in Europe, all included studies were exclusively carried out in the USA, more specifically in California. There is thus a true need to conduct researches in Europe because the possibility of extrapolating the American findings to the European context is limited. Firstly, pesticide exposure patterns may be different, independently of the pesticide group. Globally, exposure levels appear to be higher in the USA [START_REF] Philippat | Prenatal exposure to organophosphate pesticides and risk of autism spectrum disorders and other non-typical development at 3 years in a high-risk cohort[END_REF][START_REF] Millenson | Urinary organophosphate insecticide metabolite concentrations during pregnancy and children's interpersonal, communication, repetitive, and stereotypic behaviors at 8 years of age: The home study[END_REF][START_REF] Wagner-Schuman | Association of pyrethroid pesticide exposure with attentiondeficit/hyperactivity disorder in a nationally representative sample of U.S. children[END_REF][START_REF] Furlong | Prenatal exposure to organophosphate pesticides and reciprocal social behavior in childhood[END_REF][START_REF] Eskenazi | Organophosphate pesticide exposure and neurodevelopment in young Mexican-American children[END_REF] than in Europe [START_REF] Dereumeaux | Urinary levels of pyrethroid pesticides and determinants in pregnant French women from the Elfe cohort[END_REF][START_REF] Llop | Distributions and determinants of urinary biomarkers of organophosphate pesticide exposure in a prospective Spanish birth cohort study[END_REF][START_REF] Debost-Legrand | Prenatal exposure to persistent organic pollutants and organophosphate pesticides, and markers of glucose metabolism at birth[END_REF]. Secondly, some factors associated with a reduced ASD risk, such as preconceptional/pregnancy folic acid supplementation appears to be more prevalent in Europe than in the USA [START_REF] Toivonen | Folic acid supplementation during the preconception period: A systematic review and meta-analysis[END_REF]National Center for Health Statistics, 2012). Finally, there may be a possible regional specificity in gene-environment interactions, leading to potential regional genetic vulnerability in favor of ASD onset during environmental exposure to pesticides [START_REF] D'amelio | Paraoxonase gene variants are associated with autism in North America, but not in Italy: possible regional specificity in gene-environment interactions[END_REF]. So, more studies in Europe are needed to compare findings of American studies.

This review is related to the periodicity of pesticide use. We did not include banned pesticides even though some may be persistent in the environment and the population may still be exposed to them. We made this choice because additional precautionary measures are limited for these banned pesticides and we then preferred to focus on pesticides in current use that might still be modifiable risk factors of ASD.

Finally, in vivo studies were more common than epidemiological ones in this review and we cannot rule out that human exposure levels may be far different from and not comparable to those used for experimentation in rodents. However, studies focused on an oral route of exposure in rodents are the most relevant to support health risk in human (US EPA, 1998 and[START_REF] Tanaka | Reproductive and Neurobehavioral Effects of Clothianidin Administered to Mice in the Diet[END_REF].

V-CONCLUSION AND FUTURE DIRECTIONS

To our knowledge, this is the first systematic review on the relationship between exposure to anilino-pyrimidines, azoles, carboxamides, neonicotinoids, oxadiazines, phenylpyrazoles, phosphonoglycine, strobilurins, triazines and urea herbicides and ASD in children or ASD behavioral phenotypes in rodents. We found articles for only eight pesticides (glyphosate, imidacloprid, clothianidin, myclobutanil, acetamiprid, tebuconazole, thiabendazole and fipronil) gathered in four groups (azoles, neonicotinoids, phenylpyrazoles and phosphonoglycine) of the 10 selected. It then appears that novel hypotheses can be formulated about early exposure to these eight pesticides and ASD risk. The current level of evidence suggests that these compounds may be good candidates as environmental risk factors of ASD.

Like OPs, OCs, pyrethroids and carbamates, these pesticides should systematically be included in the panel of chemicals that should be tested in future European studies investigating the question of environmental risk factors of ASD. In such future studies, a particular attention should be paid to glyphosate, for which the level of evidence for an association with the risk of ASD in children and/or ASD behavioral phenotypes in rodents was the most salient.

Other pesticide active substances from various groups (anilino-pyrimidines, carboxamides, oxadiazines, strobilurins, triazines and urea herbicides) were also identified as potential risk

pesticides

Search in HSDB* :

• "pesticide*" AND ("neuro*" OR "nervous") • "pesticide*" AND "oxidative stress" • "pesticide*" AND ("thyroid*" OR "thyrotoxic*")

Deleting pesticides « not approved » or not found in the EU pesticide database: n= 64

pesticides 35 pesticides

Deleting pesticides not in common with those detected in hair [START_REF] Beranger | Multiple pesticide analysis in hair samples of pregnant French women: Results from the ELFE national birth cohort[END_REF] x Herbicide Glutamate excitotoxicity [START_REF] Cattani | Mechanisms underlying the neurotoxicity induced by glyphosate-based herbicide in immature rat hippocampus: involvement of glutamate excitotoxicity[END_REF] Oxidative stress [START_REF] Cattani | Mechanisms underlying the neurotoxicity induced by glyphosate-based herbicide in immature rat hippocampus: involvement of glutamate excitotoxicity[END_REF] Serum thyroid hormone disruption: decrease of TSH serum levels [START_REF] De Souza | Perinatal exposure to glyphosate-based herbicide alters the thyrotrophic axis and causes thyroid hormone homeostasis imbalance in male rats[END_REF] Strobilurins Azoxystrobin 131860-33-8 Subchronic Neurotoxicity:

NOAEL: NA but NOEL=38.5 (male/female) x

x Fungicide Materials preservatives -Thyrotoxicity: unknown mechanism

Triazine

Terbuthylazine 5915-41-3 Sub-chronic neurotoxicity: 7 / 8 (male/female) [START_REF] Moxon | Subchronic Neurotoxicity Study in Rats[END_REF] x Herbicide

Oxidative stress [START_REF] Tariba Lovaković | Effects of sub-chronic exposure to terbuthylazine on DNA damage, oxidative stress and parent compound/metabolite levels in adult male rats[END_REF] Serum thyroid hormone disruption: Increase of the thyroid hormone dependent GH3 cell growth [START_REF] Ghisari | Effects of currently used pesticides and their mixtures on the function of thyroid hormone and aryl hydrocarbon receptor in cell culture[END_REF] Urea herbicides OR increased to 2.0 (95% CrI: 1.0, 3.9) when examining consistent users vs unexposed.

OR was higher for exposures during the prenatal period than during the preconception period and the first three years of life. 

Imidacloprid

  and those of the National Toxicology Program Office of Health Assessment and Translation's (NTP/OHAT) Handbook for Conducting a Literature-Based Health Assessment (NTP/OHAT, 2019). The NTP/OHAT guidelines provide a standardized methodology to implement the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to environmental health assessments. We developed a review protocol registered at the International Prospective Register of Systematic Reviews (PROSPERO) with registration number CRD42019145384 on November 7, 2019.
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 12 Figure 1. Selection of pesticides neuro-and/or thyrotoxic (other than organochlorines, organophosphates, pyrethroids, carbamates) to which the European population is exposed.

Table 1 . PECO Statement.

 1 

	Populations	Exposure	Comparators	Outcomes
	Population included	Exposure to all	Reference groups of	Primary outcome:
	were:	neuro/thyrotoxic pesticides	population not	*in children: ASD
	For epidemiological	other than OPs, OCs,	exposed or	*in rodents: ASD
	studies: children	pyrethroids and carbamates	exposed at lower	behavioral phenotypes
	(from in utero till	authorized in Europe and	levels of targeted	gathered in
	early childhood)	derivatives on administered	pesticides than the rest	psychomotor
	For in vivo studies:	dose or concentrations, direct	of population groups.	(hyperactivity),
	rats and mice	(biomonitoring) or indirect		cognitive functions
		measures (environmental		(learning and
		monitoring, e.g. air, soil,		memory) or
		dust, questionnaires or		behavioral (restricted
		Geographic Information		interests, aggression,
		System)		anxiety, depression)
				groups
				Secondary outcome:
				not considered.
	Original articles available in full text in English, (2) prospective, case-control and cross-
	sectional epidemiological and in vivo studies were considered in this review. For in vivo
	studies we only focused on those conducted in rodents (rats or mice) with an oral route of
	exposure because, according to the United States Environmental Protection Agency (US
	EPA), the oral route in rodents is the most relevant to evaluate the suitability to support
	human health risk assessment (US EPA		

Relationship between early exposure to the selected pesticides and risk of ASD in children or ASD behavioral phenotypes in rodents 2.1-Article selection

  

	A total of 1330 citations were obtained using the PubMed database, 13 additional from the
	TOXLINE database, and no additional from Web of science. There were 536 citations for
	phosphonoglycine, 517 for neonicotinoids, 121 for phenylpyrazoles, 73 for azoles, 27 for urea
	herbicides, 21 for triazine herbicides, 18 for oxadiazines, 19 for strobilurins, six for
	carboxines, and five for anilino-pyrimidines.
	Among them, 691 were excluded due to the study design (ecotoxicity studies n=479, in vitro
	studies n=89, reviews n=45, reports/commentaries/article replies n=11, exposure/risk
	assessment, environmental monitoring n=55, molecular/genetic n=12), 38 on the basis of the
	exposure (non-targeted pesticides n=25, pesticide mixtures n=8, not a pesticide n=2,

occupational exposure n=3), 388 on the basis of the study population (not children n=1 or not rodents n=387) and 165 on the basis of the outcomes (i.e. not ASD or ASD behavioral phenotypes).

Table 2 . Pesticides (other than organochlorines, organophosphates, pyrethroids, carbamates) to which the European population is exposed and underlying mechanisms related to autism spectrum disorder.

 2 

	Pesticides Groups	CAS registry	NOAEL a for	Agricultural	Household	Use	
		number	neurotoxicity	pesticides	pesticides		
			in rodents				
			(mg/kg				
			bw/day)				
							Direct neurotoxicity	Indirect neurotoxicity
	Anilino-Pyrimidine						
	Pyrimethanil 53112-28-0	-	x		Fungicide	-	Serum thyroid hormone
								disruption: decrease of T4,
								increase of TSH serum levels
								(Hurley, 1998)
	Azoles						
	Cyproconazole 94361-06-5	-	x	x	Fungicide	-	Serum thyroid hormone
						materials Preservatives		disruption via a presumed hepatic enzyme induction (EFSA, 2013)
	Myclobutanil 88671-89-0	-	x		Fungicide	-	Thyroid toxicity: unknown
								mechanism (EFSA, 2013)
	Tebuconazole 107534-96-3	-	x	x	Fungicide	-	Thyroid toxicity: unknown
						Materials		mechanism (EFSA, 2013)
						Preservatives	

Table 3 . Evidences of epidemiological and in vivo studies about early exposure to pesticides (other than organochlorines, organophosphates, pyrethroids and carbamates) and ASD in children or ASD behavioral phenotypes in rodents. Pesticide active substance Authors, year (Country) Study design, population, and statistical methods Exposure assessment Outcomes & Outcomes assessment
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	Main results

Table 5 . Summary of results from the evaluation of the level of evidence from epidemiological and in vivo studies reporting associations between early exposure to pesticides other than organochlorines, organophosphates, pyrethroids and carbamates and ASD in children or ASD behavioral phenotypes in rodents based on the NTP/OHAT guidelines (NTP/OHAT 2019).

 5 

	Pesticides	Outcomes	Level of evidence
	Azoles			
		Myclobutanil	ASD risk	Moderate
	Phosphonoglycine		
	Epidemiological studies	Glyphosate	ASD risk	Moderate
	Neonicotinoids			
		Imidacloprid	ASD risk	Inadequate
	Neonicotinoids			
		Clothianidin	behavioral development impairment	High
	In vivo studies	Imidacloprid	Learning and memory deficits	High
	Phosphonoglycine		
		Glyphosate	Depression-like and anxiety presence	High
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factors of ASD based on their toxicity mechanisms, but there is currently no evidence according to our inclusion criteria. Experimental in vivo studies are then needed first to determine whether these substances should also be investigated in future epidemiological studies carried out in the framework of the search of environmental risk factors of ASD.
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