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The human gut microbiota is engaged in multiple interactions affecting host health during the host’s entire life span. The microbiota assembly in early life is a process that occurs concomitant with the development and maturation of the immune and metabolic systems. Within a few weeks of being born, a baby is host to a community of billions of bacteria, viruses and fungi that can shape many aspects of health.
Should the assembly process be derailed or altered, the consequences can be measured later in life. Indeed, a growing number of studies have reported on how the early human gut microbiota composition and development may be related to increased risk of certain adult health conditions. Such analyses have linked certain features of the microbiota/microbiome, such as reduced diversity or aberrant composition, to intestinal problems in infants or disease states that are manifested at later stages of life, including asthma, inflammatory bowel disease, and metabolic disorders (Milani et al., 2018). 
Researchers are looking at ways to rebalance the microbiota and even wondering whether it might be possible to reshape the bacterial community of the healthy infant gut during the first thousand days (from conception to toddlerhood) to help prevent chronic diseases in adulthood. This concept has led to the development of strategies to shape the infant microbiota composition based on various functional products and inspired by human milk composition.
In this chapter we describe the human milk composition and the application of different nutritional strategies aiming at rebalancing or shaping the infant gut microbiota and impacting long-term health conditions.
1. HUMAN MILK AS A REFERENCE TO DEVELOP NUTRITIONAL STRATEGIES IN EARLY LIFE
[bookmark: _Hlk520893676]Human milk is the most important postnatal link between mother and infant since it provides the optimal nutrition during the first months of life (Hennet and Borsig 2016) playing a key role in promoting a healthy growth and development (Mosca and Gianni 2017). Breastfeeding has been shown to have a protective effect against infections and to decrease the long-term risk of diabetes and obesity (Stuebe 2009, Yan et al., 2014, Cardwell et al., 2012) and, as described in chapter X, to shape the infant gut microbiota composition and functionality. Human milk composition and its impact on the gut microbiota are suggested to explain the short and long-term benefits of exclusive breastfeeding (Ho et al., 2018) 
Human milk contains a unique and optimal combination of macro and micro-nutrients and several bioactive components including immune-related compounds ,  such as regulatory cytokines, chemokines and growth factors, antibodies, oligosaccharides, and microorganisms as described in Table 1 (Petherick, 2010; Walker, 2010 Lawrence 2011; Hennet and Borsig 2016). A specific delicate balance of those bioactive compounds is directly transferred to the neonates through breastfeeding, Furthermore, It is known that composition and concentration of those bioactive compounds varies among individuals and is affected by maternal genotype, gestational age, health status, lactational stage, environmental conditions such as diet and lifestyle (Cabrera-Rubio et al. 2012, Andreas et al. 2015, Feng et al. 2016 , Kumar et al. 2016, Gomez-Gallego et al. 2017, Ruiz et al. 2017). 
Table 1. Composition of human milk 
	Composition
	Bioactive compounds

	Nutrients
	•	Proteins
•	Vitamins and minerals
•	Carbohydrates
•	Fat

	Cells
	· Immune-related cells:
-	Macrophages 
-	Neutrophils
-        Lymphocytes and Monocytes
-        T and B cells and NK cells  
· Breast-derived cells:
-	Lactocytes
-	Myoepitelial cells
-       Progenitor and stem cells
· Bacterial-derived cells: microorganisms


	Immune related- factors
	— Immunospecífics: 
· Inmunoglobulins IgAs/ IgG/ IgM/ IgD.
— Non-specific 
· Lactoferrine
· Lysozyme
· Lactoperoxidase
· Mucines.
· Lipase 
· Fatty acids
· C3 and C4 Complements
· Hormones and bioactive peptides.
· Growth factors (EGF, IGF TGF-β)
· Nucleotides
· Defensines 
· sCD14 and receptor TLR
· poliamines
· Microbiota 
· Oligosaccharides.



This section is going to be focused in human milk microbiota and oligosaccharides:


Human milk microbiota contains microbes 
Historically, human milk was considered a sterile fluid, although new data in the early 2000s has changed this consideration, when the presence and isolation of beneficial bacterial strains as Lactobacillus and Bifidobacterium spp from healthy women disrupted the long-held dogma (Martin et al. 2003). Since then, human milk is not anymore considered sterile, indeed   accumulating evidence demonstrated the presence of bacteria in milk by use of different methodologies based on culture-dependent and molecular techniques. The most isolated bacterial strains belong to Staphylococcus, Streptococcus genus followed by Enterococcus Lactobacillus and Bifidobacterium spp. ranging level around 103-105 cfu/mL (Jimenez et al. 2008a, Solis et al. 2010; Schanler et al. 2011). 
Next-generation sequencing (NGS) methodologies expanded the knowledge on microbial diversity of human milk (Gueimonde et al., 2007; Jost et al., 2013; McGuire & McGuire, 2015) and they have allowed a more comprehensive microbial richness and diversity studies providing the evidence of a rich and complex milk microbial ecosystem (Fernandez et al., 2013; Jost et al., 2013; Jeurink et al. 2013; McGuire & McGuire, 2015). These studies have confirmed the bacterial groups identified by culture techniques as Staphylococcus, Streptococcus, Bifidobacterium and Lactobacillus spp, but also identified anaerobic bacteria species as Blautia, Clostridium species, Collinsella, Faecalibacterium, Coprococcus, Roseburia and Veillonella (Jost et al., 2013; Cabrera-Rubio et al. 2012 Gomez-Gallego et al., 2016;). It has been reported that Streptococcus and Staphylococcus are universally present in human milk on independency of methodology, location, technique and sampling protocol (Fitzstevens et al. 2017). First report on human milk microbiome composition using pyrosequencing showed a huge complexity and higher variability (Hunt et al., 2011). Among all bacteria present in each human milk sample, specific bacteria such as Streptococcus, Staphylococcus, Serratia, Pseudomonas, Corynebacterium and also, other as Ralstonia, Propionibacterium, Sphingomonas, and Bradyrhizobiaceae were identified (Hunt et al., 2011). The observed differences between molecular studies would be explained partially by differences in sampling, DNA extraction kits/protocols, DNA amplification and 16S gene region, sequencing platform and also, sequencing analysis by bioinformatics pipelines but also, by environmental and perinatal factors (Gomez-Gallego et al. 2016). Different human milk microbiota and breast tissue microbial profiles have been reported in different countries (Kumar et al., 2017; Urnaniak et al., 2014). 
Metagenomic studies confirmed the presence of different bacteria (Ward et al., 2013, Jimenez et al., 2015) and other organisms as fungal and protozoa-related and viral-related reads. Furthermore, same study reported information of the functionality of the bacteria present in milk and the activities were related basic cellular functions (respiration, cell signaling, RNA, DNA, and amino acid metabolism). 
Besides the presence of bacteria in human milk, some studies have identified a complex bacterial community in the breast epithelial tissue by analyzing breast biopsies and have suggested its potential link to tumor development (Urbaniak et al.,2014a; Xuan et al., 2014).  However, the origin of human milk microbes is still under debate.
Specific bacterial species are shared between maternal gut, milk and infant faeces (Makino et al. 2011 Jost et al. 2014; Duranti et al., 2017) showing a vertical transmission of maternal microbes to infant gut. Recent data has reported that breast milk microbes contribute in 27.7% and areola skin in 10.3% to the neonatal gut microbiota (Pannaraj et al. 2017) highlighting the relevance of milk microbes for infant colonization process.  In this context characterizing the microbial composition of human milk is a scientific matter of high interest and there is a needed to uncertain the biological role for infant microbiota colonization and immune system maturation. In addition, human milk can be considered an ideal source of potential probiotic strains to be used in infancy.
Human milk oligosaccharides
As mentioned above, human milk contains different oligosaccharides (HMOs) that are considered among the most abundant compounds in human milk. It has been described that mature human milk contains approximately 5 to 20g of HMOs, and these concentrations varies throughout lactation, being the colostrum and early form of milk where the highest concentrations are found.
HMOs are complex carbohydrates of which over 200 different forms have now been described which presence is unique for humans. HMOs have many biological functions including protection against pathogenic bacteria and virus improving intestinal health and contribute to brain development.  Furthermore, HMO has been suggested to have a key impact on neonatal gut microbiota composition (Wang et al. 2015) and in infant growth (Sprenger et al. 2017a; Davis et al., 2017) 
Most of the bacteria identified to be present in human milk as Bifidobacterium, Bacteroides and Staphylococcus are able to utilize HMO, favoring their specific growth (Zivkovic et al. 2011; Yu et al., 2013; Garrido et al., 2015; Marcobal et al., 2011; Hunt et al.2012). Furthermore, it is known that HMO profiles are influenced by lactation stage (Sprenger et al. 2017a; Kunz et al. 2017) and also, milk glycosylation patterns changes in relation to time (Hoashi et al., 2016). HMO profile is determined by host genotype, encoded by fucosyltransferase 2 (FUT2) –gene, based on the secretor status/Lewis blood group (Thurl et al., 1997; Kunz, 2000). Besides, geographical location has also been shown to impact HMO (McGuire et al. 2017). Furthermore, recent associations between milk microbes and HMO have been described (Aakko et al. 2017; Williams et al., 2017a) and also, with milk cells and macronutrients (Boix-Amoros et al. 2016; Williams et al., 2017b). 
There is a need for larger studies including human milk samples from different lactational stages, across diverse geographical locations to better understand the effect of environment and genetics on human milk compounds and the impact in infant health.
HMO profiles have been also associated to infant body composition and a reduction in the risk of allergy-related problems later in life (Alderete et al. 2015; Sprenger et al. 2017b), modulation of the infant gut microbial colonization (Wang et al. 2015). Infants fed by non-secretor mothers, with lower presence of 2FL [2'-fucosyllactose] exhibit delayed and lower Bifidobacterium spp colonization that infants receiving human milk with higher abundance of 2FL (Lewis et al. 2015). Higher levels of Bifidobacterium and Bacteroides were reported in breast-fed neonates during first month from secretor mothers compared to non-secretor (Lewis et al., 2015; Smith-Brown et al. 2016) 
As mentioned above, HMOs are able to selectively stimulate the growth of bacteria belonging to several genera and they are thought to be responsible for driving a bifidobacterial-dominated microbiota in breastfed infants. However, not all bifidobacteria are able to efficiently use HMOs as a sole carbon source (Locascio et al., 2007; 2009: Bode et al., 2012). Bifidobacteria that are associated with an adult microbiota, such as B.adolescentis or B. catenulatum are unable to use the HMO core structures. The bifidogenic effect is rather specific and favors the growth of the so-called infant-type species such as B. longum subsp. infantis, B. breve, B. bifidum (Figure 1). Not all bacteria have the entire HMO-degrading machinery, some of them can only cleave and metabolize specific elements of a complex HMO molecule, but they act in concert through cross-feeding to shape the microbial profile in the infant gut (Milani et al., 2017). This should be taken into consideration when selecting probiotic strains to be applied in infant nutrition. In fact, it has been shown that strains belonging to infant-type bifidobacterial species were able to stably colonize the infant gut, since they were detected > 1 month after the supplementation ceased, much longer than previously described for other species (Frese et al., 2017; Chua et al., 2017).
2. PROBIOTICS IN THE FIRST THOUSAND DAYS 
The first thousand days, from conception to toddlerhood, is a crucial period where we encounter the first external stimuli and the body is trained to respond to these stimuli. The pioneer bacteria colonizing the infant gut and the gradual diversification of the ecosystem plays a key role in establishing host-microbe’s interactions essential for optimal symbiosis. This early colonization process occurs concurrently with the development and maturation of the immune, metabolic and neurologic systems, which makes it reasonable to believe that the early colonization process, and factors influencing it, are very important for health later in life. Several studies have shown that a dysbiosis of the microbiota in early life, described either as a reduced microbial diversity or an aberrant composition, have been linked to diseases such as NEC, infantile colic, allergies and obesity in infants, or diseases that manifest at later stages in life, such IBD, IBS or diabetes (reviewed by Slattery et al., 2016; Milani et al., 2017).
[bookmark: _Hlk520895937][bookmark: _Hlk520895130]We are starting to understand the relevance of the early-life interaction, which may be initiated during gestation, on the health status later in life. Hence, strategies aiming at steering the development of the microbiota are receiving increasing interest. Several studies suggest the potential benefit of using probiotics during the first thousand days’ period to influence a range of important maternal and infant outcomes. In this chapter we will review the potential role of probiotics to impact maternal and infant health outcomes (summarized in Figure 2 and Tables 2,3)
Probiotics during pregnancy
The maternal microbiota has been revealed as an important source of bacteria to the infant gut (Makino et al., 2013; Ferreti et al., 2018). Besides, it is suggested that the vaginal and placental microbiome may be altered in pregnancy, playing a role in pregnancy complications that can lead to adverse outcomes for mother and baby in the short and long-term (Nuriel-Ohayon et al., 2016). Taken together, these observations explain the increasing interest in the use of probiotics during pregnancy to modify or prevent a range of communicable and non-communicable diseases. There are some indications for a protective role of probiotics, when administered during pregnancy and/or breastfeeding, in preeclampsia, gestational diabetes mellitus, vaginal infections, lactational mastitis, maternal and infant weight gain and allergic diseases.
Probiotics and genital urinary infections 
Pregnant women suffer often from recurrent urinary tract infections and bacterial vaginosis, which can be associated with adverse pregnancy outcomes for both mother and child including preterm birth or small-for-gestational age babies. It is reported that 30-50% of preterm labors are associated with maternal infections. A urinary tract infection (UTI) is an infection of the urinary tract (bladder, kidneys) due to the presence of bacteria in the urine (bacteriuria) whereas a bacterial vaginosis (BV) is a dysbiosis of the vaginal microbiota. Probiotics are proposed as an attractive prophylactic alternative for bacterial vaginosis and urinary tract infections (Homayouni 2014, Stapleton 2011), either by maintaining or restoring the vaginal microbiota or preventing pathogens to colonize the urinary tract. Among the different probiotic studied, Lactobacillus rhamnosus GR-1 and L. reuteri RC-14 seemed to be the most promising strains at colonizing and protecting the urogenital tract against microbial infection (Homayouni 2014).
Therefore, one could hypothesize that the use of probiotics during pregnancy could reduce the risk of urinary or genital infections and thereby reduce the risk of preterm labor.  While the use of probiotics was shown to be a good alternative to treat vaginal infections in pregnancy, yet there is currently insufficient data to demonstrate an impact on preterm birth (Ohtman et al., 2007).Probiotics and  Group B Streptococcus B colonization 
[bookmark: _Hlk520668913][bookmark: _Hlk520669019]Streptococcus group B (GBS) is considered commensal bacteria that colonize the gastrointestinal and genital tract of approximately 10-30% of women, although systematic estimates at global level are yet to be done (Seale et al, 2017, Valkenburg-van der Berg 2009). GBS colonization usually remains asymptomatic but in case of overgrowth during late-pregnancy it can cause maternal, fetal and early-onset sepsis leading to maternal death, stillbirth and/or neonatal death (Hall et al., 2017, Seale et al., 2017, Madrid et al., 2017). Maternal GBS colonization has been shown to cause pneumonia, meningitis in newborns and it seems to increase the risk of preterm birth (Seale et al., 2017; Bianchi-Jassir, F. et al., 2017).
As a preventive measure, antibiotic prophylaxis for women with a positive GBS culture at 35-37 weeks of gestation is recommended by the Centers for Disease Control and Prevention (CDC). According to the 2010 CDC guidelines, a minimum of 4 hours of intrapartum antibiotic prophylaxis prior to delivery is recommended to prevent early-onset GBS infection. However, GBS diseases are not easily resolved by antibiotic treatment and in addition perinatal administration of antibiotics has been associated with higher risk of childhood allergy and obesity (Scott et al., 2016; Miller et al., 2018; Risnes et al.011; Mitre et al., 2018). Hence, this could explain why not all countries adhere to this recommendation. 
Recently, a clinical study showed that supplementation with 2 probiotic strains L. rhamnosus GR-1 and L. reuteri RC-14, is effective   at resolving GBS infection in pregnant women (Ming Ho et al., 2016). Although this seems promising, further confirmation of the reduction of GBS diseases is warranted. Currently, larger studies are ongoing using the same combination and assessing the impact on health outcomes for both mother and baby (https://clinicaltrials.gov/ct2/show/NCT01479478; https://clinicaltrials.gov/ct2/show/NCT03407157).
Probiotics and Gestational Diabetes Mellitus 
Gestational diabetes (GDM) is defined as the development of glucose intolerance, with first onset during pregnancy. GDM is one of the most frequent metabolic complications of pregnancy and its prevalence is up to 12% in developed countries, although it varies between ethnic groups and countries or institutions depending on the diagnostic criteria for GDM being used. This condition is associated with adverse maternal and infant health outcomes during gestation, childbirth and postpartum.  Health risks for women with GDM include pre-eclampsia, increased risk of infection during pregnancy, induction of labor, caesarean section, and an increased risk to develop type 2 diabetes afterwards. The risks for the infants include macrosomia, respiratory distress syndrome, birth injuries such as nerve palsy, bone fracture and shoulder dystocia, jaundice, and hypoglycaemia, that if prolonged or severe can cause brain injury (Okesene-Gafa et al., 2018) Additionally, studies suggest that children born to mothers with GDM have an increased risk of diabetes mellitus and metabolic dysfunction later in life (Shah 2008, Vohr 2008, Boney 2005).
In order to reduce the risk of such adverse health outcomes, current best practice GDM management requires modification of the maternal diet with or without pharmacological treatment. However, based on recent research, probiotics seem to be a promising alternative to reduce the prevalence of GDM and attenuate some of the adverse metabolic effects. 
The gut microbiota is thought to influence obesity and Type 2 diabetes through the modification of energy extraction, inflammation, hunger, satiety,  lipid and glucose metabolism (Nieuwdorp 2014; Turnbaugh 2006). Difference of the gut microbiota has been observed between pregnant overweight and normal weight women (Collado 2008), as well as in the third trimester of pregnancy compared to the first trimester, with the third trimester microbiome being similar to those with metabolic syndrome (Koren 2012). Supplementation with probiotics (L. rhamnosus GG and B. lactis BB12) combined with dietary counselling has been shown to prevent GDM in a sample of pregnant women and to  reduce the mean plasma glucose concentrations and improve insulin sensitivity (Laitinen 2009; Luoto 2010). More recently it has been shown that supplementation with L. rhamnosus HN001 strain from 14 to 16 weeks gestation may reduce GDM prevalence, particularly among older women and those with previous GDM (Wickens et al., 2017). A recent meta-analysis including 4 high quality RCTs involving 288 participants, showed that probiotics were able to significantly reduce the HOMA-IR while not effect was observed in reducing fasting glucose and LDL-cholesterol) in women with GDM. (Taylor et al., 2017). In addition, another systematic review including more than 30 studies during pregnancy (24-40 weeks of pregnancy) showed the potential effect of probiotic intervention on the improvement of glycemic control and reduce VDL cholesterol, triglycerides, and decrease the inflammatory markers (Dallanora et al., 2018).
In a Cochrane systematic review including 11 reports highlighted the fact that there are insufficient studies to perform a quantitative meta-analysis and more trials are needed. (Barret et al., 2014). Results from different studies are sometimes controversial, maybe due to different definitions/diagnostic criteria of GDM used, geographical region and/or probiotic strains used. In addition, whether the promising results observed in maternal outcome (i.e. reduced GDM, impact on metabolic parameters) can translate to clinically meaningful outcomes deserves further investigation.
Overall, probiotic supplementation during pregnancy offer an attractive alternative to influence a range of health risks during pregnancy. The current literature does not indicate an increase in adverse pregnancy outcomes and therefore probiotics do not appear to pose safety concerns for pregnant and lactating women (Jarde et al., 2018). However, larger, well-designed controlled clinical studies are still needed to strengthen the evidence and establish the role of probiotics when consumed during pregnancy. 
Probiotics in infancy
Inspired by human milk composition and the health benefits associated to breastfeeding, strategies using probiotics to influence and direct the microbiota development in early life, are commonly used and seem to offer promising opportunities to improve health outcomes.
[bookmark: _Hlk520891627]There are, however, considerable challenges gathering scientific data to recommend the use of probiotics in infants; challenges performing studies in this target population (i.e. often based on parents-reported symptoms, difficulties in recruitment and retention of subjects in the study, difficulties to compare against placebo, larger sample size and long-term follow up needed to measure long-term impact on health), and the diversity of the interventions studied ie., different strains, different dosages, time and duration of the intervention.  
Probiotics for allergy prevention. 
Allergic diseases in infants are in the rise worldwide and present a burden for the infant and parents. it is estimated that the prevalence is around 10% in infants without a family history of allergy and up to 20% to 30% in those with atopic history allergy in their first-degree relatives (Pawankar et al., 2011-2012; Prescott et al., 2013) One explanation for the prevalence of allergic is the “hygiene hypothesis”, which postulates that lack of microbial exposure in early life (Strachan, 1989). In the light of such a concept, the gut microbiota hypothesis has been proposed (Wold, 1998), suggesting that alterations in the gut microbiota, the most important source of microbial exposure and a vital resource of early immune stimulation, may underlie the atopic epidemic. A growing body of scientific evidence revealed the key role of the gut microbiota in the development of sensitization and the on-set of allergies as it might regulate immunologic and inflammatory responses. Furthermore, several studies have suggested an association between the composition of the intestinal microbiota and the development of allergies.  Therefore, supplementing probiotics seems an attractive nutritional strategy to prevent allergic disorders. 
Several RCTs have investigated the efficacy of probiotics in the prevention of allergic disorders, mainly atopic dermatitis and sensitization, however, these studies conveyed conflicting results. Indeed, the study protocols differed in terms of the probiotic species and strains used, to doses and duration of treatment and, most importantly, in respect to the timing of the intervention such as supplementation only i) during pregnancy (Ou et al., 2012; Boyle et al., 2011), ii) during pregnancy and maternal supplementation during breastfeeding (Huurre et al., 2008; Dotterud et al., 2010; Rautava et al., 2012), iii) during pregnancy and in infants (Abrahamsson et al., 2007; 2013; Allen et al., 2014; Kim et al., 2010; Kalliomaki et al., 2001; 2003; 2007; Kopp et al., 2008; Niers et al., 2009; Wickens et al., 2008; 2012; 2013) and iv) only in infants (Soh et al., 2009 ; West et al., 2009).  To get more insight in the efficacy of the use of probiotics during the first 1000 days in the management of allergic diseases, a number of meta-analysis and systematic reviews of the most published RCTs have been performed.  A recent meta-analysis showed that the probiotic supplementation in general decreased the risk of infantile atopic dermatitis, especially if a combination of probiotics was used but no effect of preventing asthma, wheezing or rhino-conjunctivitis was observed (Zuccotti et al, 2015). The most recent systematic review and meta-analysis has suggested that maternal supplementation with probiotics has a positive effect on eczema (Garcia-Larssen et al., 2018). This study has shown that probiotic during pregnancy and lactation was associated with a 22% lower risk of young children developing eczema or atopic eczema at age ≤ 4 years whereas no association was found between probiotics and other allergic outcomes. Besides, the study suggested that maternal supplementation during the postnatal period rather than supplementing the infants may be more important for this intervention, Other meta-analyses focused on the timing when probiotics were administered, pooled analysis indicated that probiotics administered could reduce the risk of atopy  and food hypersensitivity most effectively if administered prenatally to pregnant mother and postnatally to the child as well , supplementation to only the infants did not show and beneficial effect (Zhang et al.  2016).  In addition, the authors found that higher cesarean delivery rate group, compared with lower cesarean rate was associated with lower risk of atopy when administered probiotics. These findings were consistent with the study by Kuitunen et al (2009), which concluded that probiotic and prebiotic supplementation during pregnancy and infancy conferred protection preferably to cesarean-delivered children.  Interestingly, a more recent study revealed promising results on the role of early intervention with probiotics to reduce the risk of allergies in children born by cesarean section (Chua et al, 2017).  In this study, infants born by cesarean section (CS) receiving a synbiotic supplementation consisting of the probiotic strain Bifidobacterium breve M-16V and a specific prebiotic mixture (scGOS/lcFOS) had less skin-related symptoms and atopic dermatitis after 6 weeks of intervention when compared to prebiotic supplementation or standard formula (Chua et al., 2017). It has been shown in the literature that infants born by CS, who are known to have a delayed gut colonization due to the lack of exposure to the maternal microbiota at birth, are at higher risk for developing allergy/asthma later in life (Sevelsted et al., 2015).  We could speculate that cesarean-delivered children who are deprived of massive microbial load from vaginal delivery, might particularly benefit from probiotic administration.
Despite the high number of clinical studies in the field of probiotic and allergy prevention, no harmonized consensus is reached today for the recommendation for use of probiotics for allergy management in early life. In the light of all the studies published so far, the World Allergy Organization (WAO) recommends the use of probiotics during  pregnancy and breastfeeding when the infants is at high risk of allergy as well as in infants with atopic predisposition. In contrast to WAO, other guidleines do not recommend the use of probiotics in the prevention of atopic diseases as a result of  the high variations in the outcome between the studies (ASCIA guidelines 2018). In fact, some studies reported different results on the role of early-life probiotic supplementation as a modality for primary eczema prevention (Soh et al., 2009, Kopp et al. 2008) or studies showing conflicting results when using the same probiotic strain (Kalliomaki et al., 2001, 2003, 2007; Kopp et al., 2008, Cabana et al.2017). As mentioned above these discrepancies are most likely due to the study set up especially the significantly longer average breastfeeding time than in other studies as reported by Kopp and co-workers. This high variability between the various studies including the study design, study population and size, use of different probiotic strains and doses, definition of the symptomatic conditions, time and duration of the intervention and the influence of other covariates such as duration of breastfeeding or the introduction of solid food are important factors to be considered in future more harmonized clinical studies.
Probiotics to prevent Necrotizing Enterocolitis (NEC) and late-onset sepsis 
Preterm birth is the single major cause of death in children up to 5 years of age in developed countries while in low resource countries preterm birth is the second greatest cause of death in young children (WHO). Being born too early is associated with increased risk of mortality and morbidity including late-onset sepsis (LOS), necrotizing enterocolitis (NEC), feeding difficulties, long-term neurodevelopmental impairment and disability later in life (reviewed by Van den Akker et al., 2018). Probiotics have been widely studied to improve health outcomes and reduce morbidity and mortality in preterm infants. One the of most studied applications is the use of probiotics to reduce the risk of necrotizing enterocolitis (NEC), a serious intestinal disorder that primarily affects preterm infants (Frost et al., 2017). NEC is a multifactorial disease, although type of feeding (with mother’s own milk associated with decreased risk) and an abnormal gut microbiota are key determinants (Pammi et al., 2017, Warner et al., 2016).   
Several meta-analyses including both RCTs and Non-RCTs suggest efficacy of the use probiotics for reduction of NEC, LOS, mortality rate and facilitate feeding (Dermyshi et al., 2017). In most of these meta-analyses the probiotic group was assembled by pooling a wide variety of different probiotic strains as used in the original studies.  However, due to the heterogeneity of the probiotic strains used, dosing regimens, time of intervention, study design and the type of meta-analysis approach have made it difficult to reach a recommendation for a strain-specific treatment which is more relevant to the clinicians (Patel and underwood 2018).  In a recent study, a network meta-analysis (NMA) approach was used to identify strains with greatest efficacy (van den Akker et al, 2018). Using this new approach of strain-specific NMA allowed the identification of potential strains or combinations of strains with potential beneficial effect to reduce morbidity and mortality in this vulnerable group.  The authors have identified: i) 3 probiotic treatment combinations with significant reduction in mortality rates, ii) 7 potential strains or combination of strains that reduced NEC incidence, iii) 2 probiotic treatment combination with significant effect on the reduction of LOS, and iv) 3 combination of strains that reduced time until full enteral feeding (van den Akker et al, 2018). Interestingly, this study did not show an overlap of strains, which were effective on various clinical outcome domains; furthermore, only a low number of the studied strains or combinations were effective in reducing mortality and morbidity in preterm infants.
However, after more than 10 years from the first RCT showing that probiotics may reduce NEC, and despite the large number of trials and patients studied up to date, it is still not possible to indicate the optimal strain, dose or combination, and that clinicians are left using maybe inadequately tested, and potentially ineffective treatments (van den Akker et al., 2018). Further large and adequately powered RCTs using strains with the greatest apparent efficacy will be needed in order to precisely define optimal treatment strategies.
Probiotics to manage and prevent infantile colic
Infant colic, or excessive crying of unknown cause, is a burdensome condition affecting ∼1 in 5 infants <3 months old. It is most commonly defined by the modified Wessel’s criteria of crying and/or fussing >3 hours per day for ≥3 days per week. It is associated with premature cessation of breastfeeding, impact on families’ well-being and head trauma. Although it is believed to be a self-resolving condition, there is emerging evidence of its long-term adverse effects on child behavior, sleep, and allergy outcomes.. The cause remains unknown, and despite several treatment options on the market, there's very little scientific evidence that any of them can provide relief. There is, however, evidence from several studies suggesting that that Lactobacillus reuteri DSM17938 may be effective in breastfed infants with colic (Sung et al., 2017)
A recent review of the raw data of the individual trials called individual participant data meta-analysis (IPDMA) -  suggests that L. reuteri DSM17938 is effective for infants with infantile colic who are breastfed (Sung et al., 2018). This type of approach performed by pooling the raw data of 345 infants from different RCTs creates thus sufficient power to produce more reliable estimates of treatment effects, allowing for subgroup analyses, and providing more definitive conclusions. Although the results of this study help clarify the debate on the usefulness of L reuteri DSM 17938 in improving colic symptoms in breastfed infants, its role in formula-fed infants with colic needs further clarification. In addition, there is currently no data suggesting that this strain could also effective in a preventing setting.
Probiotics for the management of acute diarrhea and antibiotic-associated diarrhea in children. 
The use of probiotics and oral rehydration have been suggested to be the only recommended treatments for the management of acute gastroenteritis (AGE). This universal recommendation has been recently validated by the Federation of International Societies of Pediatric Gastroenterology, Hepatology, and Nutrition (FISPGHAN) Working Group (WG). Other treatment like the use of anti-diarrheal drugs and antiemetics received the lowest level of agreement and need to be tailored at local level (Guarino et al., 2018).
The ESPGHAN Working Group for Probiotics and Prebiotics published in 2014 a position paper leading to the recommendation of specific probiotics for the treatment of AGE in addition to rehydration therapy based on a systematic review. The ESPGHAN WG recommended the use of Lactobacillus rhamnosus GG and Saccharomyces boulardii. However, less compelling evidence was found for Lactobacillus reuteri DSM 17938 and heat-inactivated Lactobacillus acidophilus LB. There are other strains or combinations of strains that has been tested, but evidence of their efficacy was found to be weak or preliminary (Szajewska et al., 2014).
Several systematic reviews have concluded that there is moderate-quality evidence suggesting that probiotics may help preventing antibiotic associated diarrhea (Johnston et al., 2016: Szajewska et al., 2016). The ESPGHAN WG for Probiotics and Prebiotics has also reviewed the level of evidence to recommend the use of specific probiotics to prevent AAD. In case the use of probiotics for preventing AAD is considered, the WG recommends using L rhamnosus GG or S boulardii. The latter is also proposed for preventing C. difficile-associated diarrhea.
One of the most astonishing results showing the potential of probiotics to prevent infant infections are those from Panigrahi and coworkers (2017). This large study has shown that a large proportion of neonatal sepsis in developing countries could be effectively prevented using a synbiotic containing L. plantarum ATCC-202195 plus fructo-oligosaccharides, the risk reduction was calculated to be about 205-50%). Besides, the intervention resulted in lower respiratory tract infection.
 


Summary and future perspective
· There is a growing interest in the role of the human microbiome on the development of a range of chronic non-communicable diseases (NCDs)
· The microbiota assembly in early life is a process that occurs concomitantly with the development and maturation of the immune and metabolic systems. 
· Breastfeeding plays a key role in promoting a healthy growth and development and it has been associated with a reduced risk of health challenges later in life.
· Human milk contains a wide range and complex bioactive compounds including HMO and microbes, that shape the early microbiota colonization and affect infant health beyond nutritional aspects  
· Nutritional supplementation strategies inspired by human milk, such as the use of prebiotics and probiotics, offer attractive solutions to influence a range of important maternal and infant health outcomes. 
·  The current literature does not indicate any increase in adverse pregnancy outcomes and therefore probiotics do not pose safety concerns for pregnant, lactating women and infants.
· General recommendations on specific probiotics to be used for each health condition remain a challenge due to the heterogeneity of study design, differences between specific strains and administered doses or different intervention period. 
· There are challenges in performing studies in this target population (parent-reported symptoms, difficulties in recruitment and retention of subjects in the study, difficulties in defining the placebo, achieving a larger sample size and the long-term follow up needed to assess long-term impact on health).
· Large well-designed clinical studies and aligned protocols, definitions and interventions are thus needed to strengthen the evidence and support health care professionals and parents in their search for proper effective products
·  Today, the leading probiotics available in the market are generally derived from a narrow range of microorganisms comprising especially lactobacilli and bifidobacteria.  The increasing knowledge of the gut microbiota and its pivotal role in the host health is changing this paradigm towards the development of the next generation based on novel commensal bacteria. Non-conventional candidate strains that have been proposed so far include Akkermansia muciniphila, Faecalibacterium prausnitzii, Bacteroides fragilis, Eubacterium hallii and members of the Clostridia clusters IV, XIVa, and XVIII.  However, these next-generation probiotic-commensal candidates must meet the same criteria than the conventional ones. It means that they should (i) be well-characterized, (ii) achieve safety requirements, such as the acceptable resistance to antibiotics or the lack of lytic and adhesion capacities, and (iii) show beneficial effects on the host before being considerate as a probiotic. The development of next generation probiotics holds promise for innovation  yet a close collaboration between academia, industry and regulatory agencies is vital to pave the way for developing safe and health-promoting novel probiotics for both  prophylactic and therapeutic strategies. 
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