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Abstract

:

Intake of a postbiotic product can support immunity depending on specific conditions of the consumer. The present study evaluates the potential impact of baseline values on the change of various immune factors (α-defensin, β-defensin, cathelicidin, and secretory IgA) after three months of consumption of a postbiotic based on cow’s milk fermented with Lactobacillus paracasei CBA L74 in a young population. For the analysis, raw data of three studies were used in a multivariate analysis applying confounding factors. One study in newborns demonstrated that intake of the postbiotic yielded an increase in the concentrations of α-defensin and secretory IgA (at least p < 0.02), while for all factors, except β-defensin, the higher the baseline values the lower the increase (at least p < 0.002). Two combined studies in young children (aged 1–4 years) showed an increase in the concentration of all factors after intake of the postbiotic (at least p < 0.003), but now showing the higher the baseline values the higher the increase after three months (at least p < 0.02) in only the postbiotic group. It is concluded that consumption of the postbiotic leads to a baseline- and age-dependent increase in the concentrations of the immune factors under study in both newborns and young children. It is hypothesized that maturation of the immune system leads to different effects on optimizing host defense factors via this postbiotic intake.
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1. Introduction


Pre- and probiotics in food applications are well known for their beneficial effects for human health [1,2]. A relatively novel development in this area is the application of postbiotics [3]. The concept of postbiotics is defined as all gut microbiome (GM)-derived substances that confer a beneficial effect to the host and do not meet the pre-/probiotic definition. These GM-derived substances can comprise both microbial compounds and microbial metabolism (synthesis of metabolites and products from microbial fermentation of several foods) [4,5]. Microbial compounds include peptidoglycans, polysaccharides, lipoteichoic acids, enzymes, bacteriocins, proteins, while microbial metabolites include lactic acid, peptides/proteins, organic acids, and short chain fatty acids (SCFAs) [5]. The beneficial impact of postbiotics is based on the observation that the positive effects elicited by the gut microbiome (GM) are mainly mediated by the production of metabolites [5]. Postbiotics exert similar beneficial health effects to probiotics, but the absence of viable microorganisms abolishes the risks associated with their intake. Consumption of probiotics might result in the occurrence of health issues to the consumer, such as translocation of microbes over the gut epithelium, the cross-over of antibiotic resistance genes, and sepsis [6]. These are caused by the introduction of viable bacteria into the gastro-intestinal tract. These issues might be circumvented using postbiotics, not only for the adult consumer but also for the (very) young, especially when the immune system starts to develop.



Increasing preclinical and clinical evidence supports the efficacy of the postbiotic product derived from cow’s milk fermentation with the probiotic Lactobacillus paracasei CBA L74 (FM-CBA L74) in preventing pediatric infectious diseases and affecting the maturation of the host defense mechanism [7,8,9,10,11,12]. These effects are paralleled with a beneficial regulation of innate and adaptive immune response and gut microbiota composition and function. These observations led us to analyze the impact of consumption of FM-CBA L74 on the baseline dependency of the change in various immune factors in more depth, especially when the immune status is developing.



Within the present study three studies have been identified to address the impact of the intake of the postbiotic (FM-CBA L74) on various immune markers in newborns and young children. These markers include α- and β-defensin, cathelicidin, and secretory immunoglobulin-A (s-IgA). Of these factors, defensins and cathelicidin (LL-37) are small cationic innate immunity peptides that exhibit a pivotal role in killing pathogens, by membrane disruption, but also display other functionalities, such as activation of various cell types, chemotactic activity, and cytotoxicity [13,14]. The α- and β-defensins are produced by neutrophils, macrophages, epithelial and Paneth cells. Secretory Immunoglobulin A (s-IgA) plays an important role in the first line of adaptive defense in the gastrointestinal tract by blocking the adherence of pathogenic bacteria to epithelial cell receptors and by inhibition of the activity of bacterial toxins [15]. Moreover, its impact on the establishment of gut microbiota and the development of immunity shortly after birth is underlined as well [16]. It is evident that s-IgA has a major impact on the adaptive component of immunity, already at the start of life [17]. The distinction between the innate and adaptive component is not as strict as suggested [18,19], but it is evident that the above-mentioned factors are of extreme importance in the defense against unwanted entry of pathogenic microorganisms. This is particularly true at birth when immunity is naive while at the same time intestinal permeability represents a serious threat [20].



Both in vitro and in vivo data showed that intake of FM-CBA L74 affected the immune response substantially, such as downregulating the inflammatory reaction by decreasing levels of IL-12p70 and increasing those of IL-10 [9]. This results in protection against colitis development in mice. In vitro innate immunity peptides (human β-defensin and LL-37) were upregulated in a dose-dependent fashion after stimulation of human epithelial cells by the same postbiotic product [10].



The present study aimed at performing a multivariate analysis of the effect of the intake of FM-CBA L74 on the change in fecal concentrations, and the baseline dependency in this, of both innate (α-defensin, β-defensin, and cathelicidin) and adaptive (secretory IgA (s-IgA)) components of the host immune system in newborns and in children (aged 1–4 years), as based on the raw data of the three studies mentioned above [7,8,12]. In this analysis, the impact of the baseline value of the respective immune factors on the development of these factors was specifically addressed, with baseline value defined as the actual value of the respective immune factor per person at the start of the consumption. A distinction of datasets between newborns and young children was made in order to check a potential effect of maturation of the immune system. It was postulated that this association was age-dependent with a first phase for immune initiation in the newborn and a second phase of immune maturation in the latter. Finally, the relationship between the changes in the various fecal immune factors was also investigated to determine to which extent an overall reaction by the above consumption could be detected.




2. Materials and Methods


2.1. Search Strategy and Selection Criteria


We performed a systematic review of Randomized Controlled Trials (RCTs) and observational studies (cohort studies, case series) evaluating the effects of cow’s milk fermented with Lactobacillus paracasei CBA L74 on immunological factors in newborns and young children. A comprehensive literature search was conducted in PubMed and Web of Science. Search strategies were adjusted for each engine using the following combination of keywords: L. paracasei CBA L74 AND α-defensin, secretory IgA, β-defensin and cathelicidin AND placebo, double-blind, randomized controlled trials AND postbiotic with no limitations for time or language. We excluded studies published only as meeting abstracts, pre-marketing clinical trials, or duplicates.




2.2. Studies Involved


Three studies were identified and included in the present evaluation: Corsello et al., 2017 [7], Nocerino et al. [8], and Roggero et al., 2020 [12], all of them being placebo, double-blind, randomized controlled trials with a parallel design. The main aim of the newborn study [12] was to address the impact of the investigational product (FM-CBA L74) on immune defense mechanisms (antimicrobial peptides, s-IgA), the microbiota and its metabolome, while that in the two young infant studies [7,8] the focus was on intake of the investigational product and reducing common infectious diseases in children attending daycare or preschool. In the newborn study three various groups were defined: breastfed, standard formula fed (based on cow’s milk), and fermented formula fed. In the present study, the standard formula fed was taken as reference and evaluated against the fermented formula fed. As a reference group in the young children study a maltodextrin control was applied.



Please find the various details listed in Table 1.



The following exclusion criteria were used in the respective studies:



Corsello [7] and Nocerino [8]:




	-

	
age below 12 months or above 48 months.




	-

	
concomitant chronic infections, chronic systemic diseases, chronic inflammatory bowel diseases, autoimmune diseases, immunodeficiency, malignancy, metabolic diseases, chronic respiratory tract diseases including respiratory allergies and cystic fibrosis, malformations of gastrointestinal or urinary or respiratory tract, history of respiratory or gastrointestinal or urinary tract surgery, congenital cardiac defects, functional bowel disorders, suspected or challenge-proved food allergy, food intolerances, severe malnutrition (z-score for weight-for-height) and use of antibiotics or pre/pro/synbiotics or immune stimulating products in the 2 weeks before the enrolment.









Roggero [12]:




	-

	
the presence of congenital diseases, chromosomal abnormalities, and/or conditions that could interfere with growth, such as brain, metabolic, cardiac and gastrointestinal diseases, perinatal infections, being born to a mother affected by endocrine and/or metabolic diseases or having a family history of allergic disease.









Preparation of the investigated product.



The preparation of the product was already described in various papers. In short: the basis of the product was skimmed milk fermented with L. paracasei CBA L74, which was isolated from the feces of healthy infants. The fermentation was initiated with appr. 1.0 × 106 colony-forming units (CFU) and stopped when reaching appr. 5.9 × 109 CFU/g (after a 15 h incubation at 37 °C). Live bacteria were then inactivated by heating at 85 °C for 20 s, subsequently, the formula was spray dried.




2.3. Ethics


Because the present investigation deals with the raw data of three already published studies, no patients were involved in setting the research question or the outcome measures of the present manuscript; therefore, no ethics approval was required. Permission of the responsible author of the three published papers to use the raw data was obtained.




2.4. Data


Raw data of all studies were obtained from one of the respective responsible authors and used in the various analyses. Since the baseline values of the various immune factors were substantially different between newborns and young children they were separately analyzed and presented. The data of both studies on young children were combined into one dataset.



Before performing the various statistical analyses, the distribution in the data was checked via Shapiro–Wilks (gamma-3 and gamma-4). The data of the Intention-to-Treat (ITT) population of both studies was analyzed in the present manuscript.




2.5. Analysis of the Outcome Using the Data of the Three Studies


Differences in baseline concentrations of the various immune factors between placebo and investigational product as well as between newborns and young children was performed via Student’s t-test. A general Estimating Equations (GEE) analysis or a multiple regression analysis, both techniques in a linear as well as in quadratic fashion, was applied with respect to the change in the concentration of the various immunological parameters considering various potentially confounding factors, as follows: gender, age, breastfeeding, duration, number of siblings, passive smoking, age at school, and BMI. Both multivariate analyses allowed to distinguish an overall difference in outcome (all values higher in one group over the other, independent of the baseline concentration) between both groups versus a changing difference (in- or decreasing difference in outcome dependent on the actual baseline concentrations). This was achieved via the inclusion of interaction terms in the multivariate analyses. All analyses were performed in a stepwise and dummy approach, fit of the model was completed via F-test or Wald Chi-square evaluation.




2.6. Association between Parameters


Association was calculated via regression analysis, either parametric or Poisson, depending on the distribution of the data. Normality in the residual fraction was checked.



Throughout the present study, a p-value of 0.05 was considered to identify significance applying two-sided testing. Statistical analysis was performed via Stata, version 12 (Statacorp, College Station, TX, USA) and GraphPad, version 6 (GraphPad Prism, San Diego, CA, USA), the latter was also used for graphical representation of the data.





3. Results


3.1. Start-Values


The baseline levels of the various parameters of the evaluated studies are listed in Table 2, enabling a comparison of concentrations between newborns and young children.



No differences were encountered in the concentration of the various baseline values between placebo and postbiotic per newborns or young children. However, comparison of the baseline values of the various factors between newborns and young children as presented in Table 2 revealed significant differences for α-defensin (p < 0.001) and β-defensin (p < 0.00001), both being higher in the newborns than in the young children, and cathelicidin (p < 0.0000001), being higher in the young children than in the newborns. The somewhat higher values of s-IgA in the newborns as compared to those in the young children are not of statistical significance (p > 0.25), giving the relatively large standard deviation.




3.2. The Roggero Study: Newborns


A significant (p < 0.002) association between the fecal concentration of α-defensin at the baseline and the change in these concentrations after 3 months of consumption was observed in both groups (Figure 1), being inverse (the higher the baseline concentration the lower the increase). Moreover, throughout the range of baseline values, the changes were significantly (p < 0.02) larger (more positive) for the postbiotic than for the control product. The method of delivery (spontaneous versus caesarian section) had an impact as well (p < 0.02) with larger changes in the former.



No significant association between the (squared) fecal concentration of β-defensin at the baseline and the change in these concentrations after 3 months of consumption was observed (Figure 2). Only at higher baseline values the increase became significantly (p < 0.003) larger (more positive) for the postbiotic than for the control product, acknowledging the parabolic fit in both groups. The bodyweight at the start showed a significant (p < 0.03) effect on the change in β-defensin as well demonstrating the higher the weight the lower the change.



A significant (p < 0.001) association between the fecal concentration of cathelicidin at the baseline and the change in these concentrations after 3 months of consumption was observed in both groups (Figure 3), being inverse (the higher the baseline concentration the lower the increase). There were no differences in these changes between the postbiotic and the control product established. No impact of any confounder on the change in concentrations was noted.



In both groups, a significant (p < 0.001) association between the fecal concentration of s-IgA at the baseline and the change in the concentration after 3 months of consumption was observed (Figure 4), being inverse (the higher the baseline concentration the lower the increase). Moreover, throughout the range of baseline values, the changes were significantly (p < 0.001) larger (more positive) for the postbiotic than for the control product. No impact of any confounder on the change in concentrations was noted.



Overall, after consumption for 3 months the changes in all biomarkers, except that of β-defensin, were inversely associated with the baseline value of the respective biomarker while the increase in values of α-defensin and s-IgA was significantly larger after consumption of the postbiotic than after that of the placebo.




3.3. Nocerino and Corsello Studies: Children Aged 1–4 Years


A significant (p < 0.003) association between the fecal concentration of α-defensin at the baseline and the change in these concentrations after 3 months of consumption was only observed for the postbiotic group (Figure 5), being positive (the higher the baseline concentration the larger the increase). Moreover, throughout the range of baseline values, the increases were significantly (p < 0.002) larger for the postbiotic than for the control product and obviously, the difference was increasing at higher baseline values (p < 0.001). No impact of any confounder on the change in concentrations was noted.



Only for the experimental postbiotic a significant (p < 0.02) association between the fecal concentration of β-defensin at the baseline and the change in these concentrations after 3 months of consumption was observed (Figure 6), being positive (the higher the baseline concentration the larger the increase). Moreover, throughout the range of baseline values, the increases were significantly (p < 0.003) larger for the postbiotic than for the control group and obviously, this difference increased at higher baseline values (p < 0.001). Two other factors were relevant: the age and the body weight. The older children presented a larger increase in β-defensin (p < 0.005) than younger children and children with a higher body weight showed a lower increase in β-defensin (p < 0.005).



A significant (p < 0.002) association between the fecal concentration of cathelicidin at the baseline and the change in the concentration after the 3-month consumption period was only observed for the postbiotic group (Figure 7), being positive (the higher the baseline concentration the larger the increase). Moreover, throughout the range of baseline values, the increases were significantly (p < 0.001) larger for the postbiotic group than for the control product and obviously, this difference was found to increase at higher baseline values (p < 0.002). The increase in cathelicidin was larger in males than in females (p < 0.03).



A significant (p < 0.006) association between the fecal concentration of secretory IgA at the baseline and the change in these concentrations after 3 months of consumption was only observed in the postbiotic cow’s milk drink (Figure 8), being positive (the higher the baseline concentration the larger the increase). Moreover, throughout the range of baseline values, the increases were significantly (p < 0.001) larger for the postbiotic group than for the control group, no increase in this difference at higher baseline values was noted. No impact of any confounder on the change in concentrations was noted.



Overall, the values of all biomarkers yielded a significantly larger increase at the end of the 3-month consumption period in the postbiotic group if compared with the placebo group. This difference increased further in subjects with higher baseline values, except for s-IgA.




3.4. Associations between the Changes in the Various Immunological Factors


The studies in young children demonstrated significant positive interrelationships for all biomarkers, the lowest being that between α-defensin and s-IgA with a p-value of 0.018 (for all others p < 0.002): an increase in one factor was associated with that in another. The study in newborns showed positive associations only for the combinations α-defensin and β-defensin (p < 0.001) and s-IgA and β-defensin (p < 0.05), all others exerted no statistical significance.




3.5. Butyrate: Only One Study Nocerino et al., 2017: Young Children Aged 1–4 Years


No significant association between the fecal concentration of butyrate at the baseline and the change in these concentrations after 3 months of consumption was observed (Figure 9). Throughout the range of baseline values, the increases were significantly (p < 0.002) larger for the postbiotic group than for the control group. Both gender and age yielded a significant association with the increases in concentrations: females showed a larger (p < 0.03) increase than males, and older children a larger (p < 0.02) increase than younger children.



A negative association between the increase in butyrate and the number of common infectious diseases (CID: both respiratory and gastro-intestinal tract) was observed (p < 0.03) (Figure 10): the higher the increase in butyrate the lower the number of CID (Figure 10). The observed association showed an exponential relationship: N total CID = 2.28.e (−0.029.increase in butyrate), showing an asymptotic level at the theoretical value of no total CID at relatively high levels of butyrate.





4. Discussion


The main aim of the present study was to investigate a potential difference in the impact of consumption of the postbiotic FM-CBA74 on the concentration of various immune markers between newborns and young children, more specifically regarding a potential baseline dependent effect. The underlying thought was that the immune system is considered to be in a different phase between both age groups: in the newborns it is starting to develop whereas in young children the system is already in a more matured state. This perspective could affect the relationship between baseline value and the potential of an increase in the various factors. The results of the present study show that the 3-month consumption with CBA L74 exerts a beneficial stimulatory activity on the various immune biomarkers in newborns (α-defensin and s-IgA) and in young children (all factors) of which three represent the innate (α-defensin, β-defensin, and cathelicidin) and one (s-IgA) the adaptive component s-IgA. The baseline levels of the immune biomarkers had a significant influence on the increase after the 3-month consumption period: those in the newborns being negative (the higher the value at the start the lower the increase after 3 months) except for β-defensin, whereas those in the young children being positive for only the postbiotic group (the higher the value at the start the larger the increase after 3-month consumption) whereas in the placebo group no impact was observed at all. Acknowledging the fact that the number of participants in the newborn study was substantially lower than that in the studies on young children, clear associations of the increases in the biomarkers were demonstrated for most of the parameters in the latter while in the former only between α-defensin and β-defensin, and between s-IgA and β-defensin. Overall, consumption of the postbiotic yields higher levels of all immune biomarkers studied in both newborns and young children. Moreover, the effect of the starting levels is found shortly after birth irrespective of the drink and in children 1–4 years of age only after consumption of the postbiotic.



To our knowledge, the differentiating influence of the baseline value on the increase in the various immune markers between newborns and young children as observed in the present manuscript is presented for the first time. This phenomenon might be explained by a different maturation stage of the immune system between newborns (initiation stage) and young infants (maturation stage). One of the important characteristics during maturation is the decrease in intestinal permeability [21] leading to a difference in uptake of macromolecules and immunoglobulins between or via the intestinal epithelial cells. Importantly, a direct effect of feeding patterns of breast versus formula milk on tight junction functionality via zonulin has not been established [22]. Another striking feature is the enhanced endocytosis capacity of immature intestinal epithelial cells shortly after birth [23], which might give rise to a sensitization of the appropriate immune cells leading to an upregulation of immune markers. With respect to a difference in development between the innate and the adaptive component of immunity, the observation that the development of the latter starts at birth whereas that of innate immunity already during pregnancy [24] might be of importance here. This timing of the innate component enables the newborn to combat potential pathogens effectively from birth onwards. The results of the present study show that the baseline concentration of cathelicidin is higher in young infants than in newborns in contrast to those of alpha- and beta-defensin, suggesting that not all innate immunity components develop in the same time-dependent way. This phenomenon might be explained by a different phase in the immunological development of the child as mentioned above. No such significant differences were observed for s-IgA levels, representing the adaptive component. At birth, as demonstrated [12], consumption of the postbiotic FM-CBA L74 led to an increase in s-IgA levels to similar values as those of breastfed newborns, in contrast to that observed in the placebo. Compensation in this might take place: newborns with high levels of immune factors at the start should avoid even higher levels to minimize unwanted side effects, resulting in a negative association with starting levels. At 1–4 years old the immune system is readily developed, especially in the humoral part of immunity [25], leaving no room for further improvement in factors, except when stimulated, as in the present study by consumption of the postbiotic cow’s milk drink: the positive association between the increases and the start levels is only observed in this group and not in the placebo.



Another factor of importance for the baseline concentrations of immune markers is the development of the microbiome, which depends, if applicable, on the selection of the infant formula [26]. The diet of the mother during pregnancy is known to affect this composition [27] as well as the general status of the mother [28]. Overall, the composition of the microbiome is affected by many other factors, such as method of delivery, maternal diet, introduction to solid food, etc. [29]. The relationship between microbiome and the concentration of immune factors at any age during development needs further attention.



Is the increase in the concentration of the various factors as established by the consumption of the intervention potentially harmful to the host? The actual concentration of the fecal parameter 3 months after the start of consumption of the intervention product is far below the levels observed during inflammation/infection, such as β-defensin in children with inflammatory bowel diseases [30]: in children suffering from ulcerative colitis a median level of 356 ng/g was obtained. The same holds true in newborns. A study in preterm neonates fed with a combination of breast milk or formula, or combinations hereof, from complete breast milk to complete formula feed, β-defensin concentrations of about 340 ng/mL in neonates on predominant formula milk were encountered [31]. Similar observations were found for s-IgA. A study on the impact of various formulas on fecal s-IgA levels in healthy infants [32] showed that in the control group (after 26 wks of intervention) concentrations of 377 μg/g versus 729 μg/g in the GOS/FOS group was observed. The above shows that concentrations as yielded in the present study due to the intervention with the postbiotic cow’s milk drink, were substantially lower than documented for the various conditions as mentioned in the various studies above. It is hypothesized that the levels in the present study are representative for a state of vigilance optimizing the immune system in newborns and young infants, not to be compared with those during a state of infection/inflammation with unwanted side effects.



Is the increase in concentrations as observed in the present study associated with a beneficial physiological effect? In the study on newborns [12], consumption for 3 months of the fermented cow’s milk yielded s-IgA levels similar to those observed in newborns on breast milk whereas those in the control group remained significantly lower: consumption of the intervention clearly led to an improvement in the immune status in these newborns. In the child study [7,8], the increase in immunological parameters was paralleled by a reduction in the incidence of common infectious diseases (CID), although a direct causal relationship was not substantiated. It seems that the focus seems to be to optimize the immune system into a state of vigilance to eradicate pathogens without leading to a complete activation with all unwanted side effects. It remains to be established to which extent certain threshold levels differ between newborns and young children which might explain the difference in baseline effect between newborns and young children as observed in the present study. Again, it is stressed that in the present study the number of newborns is relatively low.



In the study of Nocerino [8], butyrate determinations in feces were also performed but unfortunately only in a limited number of children. The observation is of importance since the increases in fecal concentrations of this factor turned out to be associated with the number of total infections in these children: the higher the concentration of butyrate the lower the number. At high concentrations this number theoretically decreases to no infections at all.These results fit well within the antimicrobial activity of this molecule produced by specific gut bacteria [33]. Another functionality of butyrate is to fuel the epithelial lining cells leading to a proposed optimized barrier function against pathogenic organisms [34].



Unfortunately, there are various drawbacks attached to the study as laid down in the present manuscript. The selection of members of the innate and especially of the adaptive component of the immune system might be too limited to generate overall conclusions on the impact of the consumption of the investigated postbiotic on immune status. Moreover, only humoral factors have been considered, leaving the cellular part blank. However, the investigated factors belong to the very early phase of immune response followed by subsequent reactions. The target groups in the various studies were addressing the early phases in life. To which extent the same conclusions hold during adolescence and adulthood remain to be detected. Moreover, the number of observations in the newborns is relatively low which potentially might lead to a lack of sensitivity and specificity; an increase in numbers to confirm the present results is certainly encouraged.



In conclusion, the results of the present study reveal a stimulatory effect of consumption of FM-CBA L74 on the fecal concentrations of various immune factors representing both the innate and adaptive component in both newborns and young children. The main difference between both age groups is that in newborns, both treated and control, the starting concentration of the various factors demonstrate a negative impact on the magnitude of increase (the higher at the start the lower the increase) whereas in the young children a positive effect was shown but then only in the treated group (the higher the baseline concentration the larger the increase). It is hypothesized that this is caused by a different maturation phase of the immune system between both age groups. It is obvious that these results should be investigated in older persons as well to establish a general overview of the impact of FM-CBA L74 on immunity.
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Figure 1. Newborns: the association between the baseline concentration of fecal α-defensin and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 2. Newborns: the association between the baseline concentration of fecal β-defensin and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 3. Newborns: the association between the baseline concentration of fecal cathelicidin and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 4. Newborns: the association between the baseline concentration of fecal s-IgA and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 5. Young children: the association between the baseline concentration of fecal α-defensin and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 6. Young children: the association between the baseline concentration of fecal β-defensin and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 7. Young children: the association between the baseline concentration of fecal cathelicidin and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 8. Young children: the association between the baseline concentration of fecal s-IgA and the change in these concentrations after 3 months of consumption. Each value represents one single observation. 
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Figure 9. Young children: the association between the baseline concentration of fecal butyrate and the change in these concentrations after the 3-months study period. Each value represents one single observation. 
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Figure 10. Young children: the association between the change in fecal butyrate and the absolute number of common infectious diseases (CID), both respiratory and gastro-intestinal, at the end of the experimental interval (day 90), as observed in one study (Nocerino, 2017). Each symbol represents one observation, the curve shows the exponential regression curve. 
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Table 1. Main features of the studies considered in the analysis.
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Studies




	
Characteristic

	
Corsello et al., 2017

	
Nocerino et al., 2017

	
Roggero et al., 2020






	
Target group

	
healthy children

	
healthy children

	
healthy newborns




	
Age

	
12–48 months

	
12–48 months

	
0–7 days




	
Number of participants

	
postbiotic: 66; control 60

	
postbiotic: 137; control 122

	
postbiotic: 13; control 13




	
Male percentage

	
postbiotic: 53; control 62

	
postbiotic: 51; control 51

	
postbiotic: 46; control 24




	
Postbiotic

	
fermented cow’s milk

	
fermented cow’s milk

	
fermented cow’s milk




	
Placebo

	
carbohydrate controlled

	
carbohydrate controlled

	
carbohydrate controlled




	
Energy (kcal)

	
postbiotic: 367; control: 388

	
postbiotic: 367; control: 388

	
postbiotic: 367; control: 388




	
-proteins

	

	

	




	
(g/100 g product)

	
postbiotic: 24; control: 0

	
postbiotic: 24; control: 0

	
postbiotic: 24; control: 0




	
-carbohydrates

	

	

	




	
(g/100 g product)

	
postbiotic: 66; control: 97

	
postbiotic: 66; control: 97

	
postbiotic: 66; control: 97




	
-fat

	

	

	




	
(g/100 g product)

	
postbiotic: 0.6; control: 0.0

	
postbiotic: 0.6; control: 0.0

	
postbiotic: 0.6; control: 0.0




	
Duration (months)

	
3

	
3

	
3




	
Number of lefts

	
3

	
1

	
1
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Table 2. Descriptive values of the baseline levels of the various immunological factors in the stool samples collected from newborns and from young children.
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Roggero et al.

	
Placebo

	
Postbiotic

	




	
Parameter

	
Mean

	
s.d.

	
N

	
s.e.m.

	
Mean

	
s.d.

	
N

	
s.e.m.

	
p-Value




	
α-defensin (ng/g)

	
2.23

	
1.98

	
24

	
0.41

	
2.21

	
1.94

	
25

	
0.39

	
0.97




	
β-defensin (ng/g)

	
58.92

	
29.09

	
24

	
5.94

	
65.44

	
29.32

	
25

	
5.86

	
0.44




	
Cathelicidin (ng/g)

	
2.66

	
2.03

	
24

	
0.41

	
2.47

	
1.48

	
25

	
0.3

	
0.71




	
s-IgA (μg/g)

	
31.1

	
39.54

	
24

	
8.07

	
25.32

	
19.4

	
25

	
3.88

	
0.52




	
Corsello/Nocerino

	
Placebo

	
Postbiotic

	




	
Parameter

	
Mean

	
s.d.

	
N

	
s.e.m.

	
Mean

	
s.d.

	
N

	
s.e.m.

	
p-Value




	
α-defensin (ng/g)

	
1.01

	
1.04

	
73

	
0.12

	
1.01

	
1.18

	
60

	
0.15

	
0.98




	
β-defensin (ng/g)

	
31.18

	
22.03

	
80

	
2.46

	
29.36

	
21.25

	
60

	
2.74

	
0.62




	
Cathelicidin (ng/g)

	
12.97

	
10.29

	
80

	
1.15

	
16.93

	
19.61

	
64

	
2.45

	
0.15




	
s-IgA (μg/g)

	
23.12

	
19.99

	
86

	
2.16

	
23.01

	
18.1

	
69

	
2.18

	
0.97








The p-value shows the result of Student’s t-test evaluating the difference between the outcome of the postbiotic product versus that of the placebo.
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