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INTRODUCTION 

Epidemiology of food allergy in pediatrics 

In the last 50 years, and particularly since 1990, there has been a significant increase in cases of 

asthma, eczema and allergic rhinitis (1). This global epidemic of pathologies with atopic 

etiopathogenesis has caused an increase in public spending for affected individuals, their families and 

health resources (2–4). Recent studies confirm the emergence of a further epidemic "wave", with 

particular involvement of food allergies (5–7). To confirm these data, a recent meta-analysis of 42 

studies states that in Europe the prevalence of food allergy varies from 0.1 to 6%. In particular, the 

prevalence of food allergy proven by oral food challenge (OFC) for cow's milk proteins, egg, wheat, 

soy, peanuts, nuts, fish and shellfish is respectively: 0.6%, 0, 2%, 0.1%, 0.3%, 0.2%, 0.5%, 0.1%, 

and 0.1%. In the same study, however, a profound discrepancy emerges (up to 15 times) between the 

prevalence of self-reported food allergy cases and those proven by OFC (6). 

The issue of self-reported food allergy is investigated by Branum et al. that have described the 

dramatic increase among American children in the period 1997-2007 with severe repercussions on 

the use of health resources: the number of outpatient visits due to suspected food allergy and the total 

number of hospital discharges codified as related disorders is in fact tripled food allergy goes from 

an average of 2600 to 9500 per year (8). 

It is also very interesting to note the significant epidemiological differences that exist at the 

geographical level. 

The most common foods which induce IgE mediated allergy in Japan are egg (38.2%), cow's milk 

(15.9%), wheat (8%), shellfish (6%), fruit (5%), fish (4%), peanut (3%) and fish eggs (3%). The 

distribution in United States is different: peanut (25.2%), cow's milk (21.1%), crustaceans (17.2%), 

hazelnut (13.1%), egg (9.8%), fish (6.2%), strawberry (5.3%) and wheat (5.0%). In European 

patients, the foods most involved in decreasing order of frequency are cow milk, wheat, egg, fish, 

soy, hazelnut, crustaceans, and peanut (6, 9-11). 



This data therefore places cow's milk at the center of the objectives of modern Italian research for the 

resolution of a constantly increasing problem. 

Epidemiology allergy to cow's milk proteins 

The real prevalence of cow’s milk proteins allergy (CMA) in children is difficult to determine due to 

the profound heterogeneity in clinical presentation and the not always correct application of 

diagnostic criteria (6). Previously, several population studies have defined the presence of CMA 

through the presence of suggestive anamnestic data, the positivity of specific sensitization tests and / 

or oral food challenge (12 - 16). Through the application of similar criteria, there are numerous cases 

of CMA characterized by blurred IgE-mediated reactions that escape the real diagnosis. To all this, 

is added the lack of numerous data from Eastern and Southern Europe. 

In order to evaluate the cumulative incidence, prevalence patterns and natural history of food allergy 

in early childhood, the EuroPrevall study was carried out. This cohort study used a double-blind 

placebo oral challenge test and used a standardized method to describe the diagnosis and follow-up 

of allergy in European countries with different climatic conditions in the most reliable way. 

(17, 18). 

This research described an incidence of CMA of 0.54% in the first two years of life (0-1.3%; the 

lowest incidence in southern and eastern countries). 

The authors speculate on the variability of the incidence assuming possible influences of the maternal 

diet and of nutritional, epigenetic and environmental factors. 

In this study, allergy was expressed in 84% of cases with dermatological manifestations, in 20% with 

respiratory and in 18% with gastroenterological symptoms. During follow-up, 69% of patients 

achieved tolerance to cow's milk proteins. 

In this study, Italy showed an average incidence of IgE-mediated CMA of 0.29%. 

Physiopathology of allergy to cow's milk proteins 

The term "allergy" was coined in 1906 by the Australian pediatrician Clemens von Piquet who 

described cases of serum diseases treated with solutions containing antibodies. This terminology 



appears today always used with less appropriateness by patients and sometimes by the clinicians 

themselves who lose themselves in determining the food causal agent of non-specific disorders (19). 

Valenta R et al. in order to schematize the types of adverse reactions to food, carry out the following 

scheme (20): 

 

 

Reactions to foods are therefore divided into toxic or non-toxic reactions. 

Non-toxic reactions can in turn be classified into: 

a) Non-immune-mediated reactions: the most frequent reactions and generally caused by enzymatic 

defects. 

Example: Lactose intolerance. 

b) Immuno-mediated reactions 

In general, according to Coombs and Gell, there are 4 types of immune-mediated hypersensitivity 

reactions (21). The most common immune-mediated adverse reaction to foods (type I reactions) is 

the form which involves the production of IgE antibodies directed against protein fractions contained 

in the food itself: this reaction can be accompanied by cell-mediated inflammation by T lymphocytes 

and eosinophils and can be identified by the presence of IgE in the patient's blood against specific 

food. 



Type II and III reactions are also defined respectively: cytotoxic, if the antibodies interact with the 

antigens present on the cell surface, directly damaging the cells and making them susceptible to 

phagocytosis; mediated by immunocomplexes, where the antigen-antibody bond forms a complex 

that activates the complement system. There is not enough scientific evidence to show that these types 

of reactions can occur due to food. 

In type IV or cell-mediated reactions, tissue damage is produced by activation of cells in the immune 

system (T lymphocytes). This type of reaction in the context of food-related diseases is described in 

the pathogenesis of Celiac Disease and in food-induced protein (FPIE) Enterocolitis. 

Some studies have shown that some food proteins are able to induce direct activation of elements of 

innate immunity. For example, trypsin and amylase inhibitors contained in wheat and some 

oligosaccharides present in milk are able to activate Toll-like receptor 4 and other food allergens are 

able to directly stimulate the action of innate immunity (22-25). 

IgE-mediated food allergies can constitute a predisposing substrate for serious and dangerous 

reactions for the survival of the individual. They are the only hypersensitivity reactions that can really 

be defined as "food allergies" and manifest themselves through immediate and sensational reactions 

after ingesting the food. 

Their correct diagnosis can therefore have important repercussions on patients' health.  

In general, milk, egg and wheat allergies tend to be overcome by the individual after evolutionary 

times, while those with fish, nuts and peanuts tend to persist. 

To be able to verify a real allergic reaction to a food it is necessary that the phenomenon of "allergic 

sensitization", or a first contact with the allergen itself that causes the induction of an allergic immune 

response, must occur. 

Two possible ways of raising awareness have been identified: 

1) Class 1 food allergens (for example, milk, egg or peanuts) are oral allergens that cause sensitization 

through the passage of the allergen in the digestive tract and direct contact with the mucosa; 

2) Class 2 allergens, represented by aeroallergens 



which cause sensitization through transit in the respiratory tract. Immune responses against these 

allergens can cause cross-reactions against food allergens (for example, Bet v1 birch pollen allergen 

can induce a reaction against the protein fraction of the apple allergen, Mal d1). 

Recently, other awareness models have also been proposed, including the "contact" model. 

The latter gave suggestive cues on the possible intestinal mucosal production of specific IgE after 

simple epicutaneous contact with the allergen, but there are still no definitive confirmations. 

 

 

Once the sensitization process has taken place, the next contact with the allergen produces IgE able 

to bind with high affinity to the FcεRI receptor present on the surface of mast cells and basophils. 

This link activates these cells and induces their degranulation with the release of inflammatory 

mediators (in particular histamine) and the synthesis of other pro-inflammatory molecules 

(leukotrienes), proteases (for example the tryptase), cytokines (IL-4 and IL -5) and chemotactic 

molecules. The activation of mast cells and basophils takes place in a few minutes after ingestion of 

the allergen and since the latter, after its processing, reaches the systemic circulation, local reactions 



(mouth, esophagus, stomach and intestine) may occur, but also systemic. The type of reaction depends 

on the stability of the allergen after the digestion of the food that contains it, the amount of allergen 

taken and the integrity of the epithelial barrier itself. 

The immediate inflammatory process can be very intense and can result through the release of 

vasoactive mediators, even cardiovascular collapse and shock. 

In addition to immediate reactions, late allergic reactions are described. 

In fact, several hours after contact with the allergen there is a noticeable release of basophils and 

eosinophils (26). The consequences of this phenomenon are not yet fully understood. Some studies 

describe its involvement in the pathogenesis of eosinophilic esophagitis and more generally in 

eosinophilic enteritis. In addition to the activity of basophils and eosinophils, the activation of the 

previously described type IV hypersensitivity mechanisms is described in the following 24-48 hours, 

which can be involved even without IgE-mediated mechanisms. 

It is therefore possible to classify the type of symptomatology based on its characteristics:

 



Diagnosis of cow's milk proteins IgE mediated allergy 

According to the most recent guidelines of British Society for Allergy and Clinical Immunology 

(BSACI) allergy to cow's milk proteins develops mainly before 12 months of age and has a very 

variable prognosis (27). 

The IgE symptomatic reactions mediated to the protein antigens of cow's milk are realized within 1 

hour from the intake and can be summarized according to the following table: 

 

Non-IgE mediated reactions occur instead within 72 hours of food intake and are generally 

represented by: gastro-oesophageal reflux, diarrhea, constipation and eczema. 

In order to make a correct diagnosis of allergy to IgE-mediated cow's milk proteins, Skin Prick Tests 

(SPT) are performed following the discovery of suggestive clinical symptoms. 

These consist in the application on the skin surface of some drops of purified allergen, and in the 

subsequent scratching of the skin with a disposable lancet in order to let the allergen penetrate through 

the more superficial layers of the skin. After waiting for about 15-20 minutes, the skin reaction 

obtained at each previously positioned allergen is evaluated. The reaction at the level of the individual 



allergens tested is compared with a positive control (usually consisting of histamine) and a negative 

control (usually consisting of glycerine or saline solution). 

In the event of a positive reaction it is possible to observe the appearance of a circumscribed area of 

skin edema (wheal), intensely itchy, surrounded by an erythema halo. The diameter of the wheal is 

measured by the clinician who performs the examination in order to determine the diagnostic value. 

Although several guidelines propose diagnostic protocol, the double-blind randomized oral challenge 

test remains the gold standard of diagnosis: 

The use of standardized and universally recognized diagnostic protocols allows specialists to 

significantly reduce diagnostic errors and to exploit diagnostic tools in an integrated manner. 

Today the most recent guidelines for CMA diagnosis are those from European Academy of Allergy 

and Clinical Immunology and “The Diagnosis and Rationale for Action Against Cow’s Milk Allergy 

(DRACMA)”, issued by World Allergy Organization (WAO) using the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) methodology (28,29). 

However, many aspects need to be clarified on the pathogenesis of food allergy and in particular of 

allergy to cow's milk proteins. 

Microbiota 

Microbiota are "ecological communities of commensal, symbiotic and pathogenic microorganisms" 

(30) found in and on all multicellular organisms studied to date from plants to animals. Microbiota 

includes bacteria, archaea, protists, fungi and viruses. Microbiota have been found to be crucial for 

immunologic, hormonal and metabolic homeostasis of their host. 

The synonymous term microbiome describes either the collective genomes of the microorganisms 

that reside in an environmental niche or the microorganisms themselves (31-33). 

The microbiome and host emerged during evolution as a synergistic unit from epigenetics and genetic 

characteristics, sometimes collectively referred to as a holobiont (34, 35). 

Definition of dysbiosis 



Our mucosal surfaces are colonized by complex communities of micro-organisms (microbiota), 

which are uniquely adapted to the different environmental niches in the human body. 

This different microbiota is composed of distinct and specialized consortia of micro-organisms which 

are characteristic of the respective niche, for example, the mouth, the gastrointestinal or the genito-

urinary tract. The microbiota on our mucosal surfaces and other anatomical locations in the body 

comprise the human microbiome.  

An unfavorable alteration of the microbiota composition is called dysbiosis and it has become 

increasingly evident that this phenomenon, characterized by alterations to the normally balanced 

microbial populations at different sites of the human body may have profound effects of perturbation 

of this to the development of disease has been recognized for decades. 

The host-associated microbiota changes throughout normal human development. 

For example, the intestinal microbiota at birth is initially colonized by Enterobacteria. However, in 

the following days, strict anaerobes dominate the microbiota community. During the first month, 

bifidobacterial species predominate but then, following the introduction of solid foods, clostridial 

species expand. By 2-3 years, the microbiota consists mainly in Bacteroidacae, Lachnospiracae and 

Ruminococcacae, which then remain relatively stable to adulthood (36, 37).  

Dietary fiber ingestion positively correlated with next-day abundance of clusters of bacteria 

representing over 15% of the total community. 

Dysbiosis is now recognized as a change in the microbiota at a given site in the body, crucially 

accompanied by a breakdown of host-microbial mutualism.  

It is characterized by:   

1)  Reduction in the overall microbial diversity of the corresponding symbiotic community: a 

reduction of taxonomic diversity and species membership of the microbiota has been observed 

in multiple studies of the human gut microbiota in disease as well as in animal infection 

models.  



2) Depletion of obligate anaerobic bacteria such as Bacteroides and Ruminococcus spp. And 

conversely increase in facultative anaerobes, including the family of Enterobacteriaceae. 

3) Reduced metabolic capacity, exemplified by a decline in short-chain fatty acid production, 

which may contribute to the impairment of host defenses and thereby promote the stability of 

a dysbiotic community. 

4) Preferential loss of organisms considered beneficial to human health and a corresponding 

increase in pathobionts, members of the normal commensal microbiota with the potential to 

cause pathology.  

Changes in the microbial population structure in dysbiosis are intimately correlated with disease. 

Correlations, however, do not equate to causality. It is feasible to argue that alterations to the 

inflammatory status of a site, triggered perhaps by an autoimmune reaction, will lead to the selection 

of those members of the microbial community best adapted to survive the increased inflammatory 

pressure and/or take maximal advantage of the changed nutritional environment presented by such 

an alteration. Bacteria less well adapted to the injurious properties of the innate response or ill 

equipped to compete metabolically in this new environment will diminish in their overall proportions 

in the population. In this scenario, the dysbiosis seems consequential, not causative (38, 39). 

Importance of Microbial Exposure for the Development of Immune Tolerance 

Immune tolerance is the state of unresponsiveness of the immune system to substances or tissues that 

have the potential to induce an immune response. Tolerance is achieved through both central 

tolerance and peripheral tolerance mechanisms (40). The exact mechanisms involved in the 

development of immune tolerance have not been not fully defined (41). Current evidence suggests 

that the gut microbiota and its metabolites (mainly short chain fatty acids), together with to exposure 

to dietary factors in early life, critically influence the establishment of immune tolerance to food 

antigens (42). Germ-free mice are unable to achieve immune tolerance to food antigens (43). During 

the early stage of post-natal life, development of the gut microbiota parallels maturation of the 

immune system (44). During vaginal delivery, infants receive their first bacterial inoculum from the 



maternal vaginal tract, skin tissue, and often fecal matter, exposing the immature immune system of 

newborns to a significant bacterial load (38). Maturation of a healthy gut microbiota in early life 

allows for a change in the Th2/Th1 balance, favoring a Th1 cell response (45), while dysbiosis alters 

host-microbiota homeostasis, favoring a shift in the Th1/Th2 cytokine balance toward a Th2 response 

(46). Gut microbes induce the activation of Tregs which are depleted in germ-free mice (47). 

Microbiota-induced Tregs express the nuclear hormone receptor RORγt and differentiate along a 

pathway that also leads to Th17 cells; while in the absence of RORγt in Tregs, there is an expansion 

of GATA-3-expressing Tregs, as well as conventional Th2 cells, and Th2-associated pathology is 

exacerbated (48). Moreover, it has been demonstrated that under normal physiological conditions, 

macromolecules obtained via the diet induce Treg cell development in the small intestinal lamina 

propria, which is essential for suppressing the default strong immune response to dietary antigens. 

The presence of both diet- and microbe-induced populations of Treg cells may be required to induce 

complete tolerance to food antigens (49). 

It has been speculated that microbiota can activate MyD88 signaling in the lamina propria and 

follicular dendritic cells (DCs) (50). Mucosal plasma cells, upon induction by DCs, produce secretory 

IgA (sIgA). The sIgA system is considered important in the pathogenesis of FA. Delayed 

development of IgA-producing cells or insufficient sIgA-dependent function at the intestinal surface 

barrier appears to contribute substantially to FA (48). This agrees with previous study of minor 

dysregulations of both innate and adaptive immunity (particularly low levels of IgA) in children with 

multiple FAs (51). Furthermore, the gut microbiota stimulates DCs in the Peyer’s patches to secrete 

transforming growth factor (TGF)-β, C-X-C motif chemokine ligand 13, and B-cell activating 

protein, which leads to IgA production and class switching (52). 

Accordingly, it has been recently demonstrated that dietary elements, including fibers and vitamin A, 

are essential for the tolerogenic function of CD103+ DCs and maintenance of mucosal homeostasis, 

including IgA production and epithelial barrier function (53).Moreover, in experimental studies, 



some mice are protected from the development of FA (non-responders) compared with animals 

showing marked systemic FA symptoms after immunizations (54, 55). This differential immune 

response is associated with a distinct microbiota composition in mice with a non-responding 

phenotype (56). Recent findings have also suggested that neonatal gut microbiome dysbiosis 

promotes CD4+ T cell dysfunction associated with allergy (57) and supports age-sensitive interactions 

with microbiota (58). Early-life may be a key “window of opportunity” for intervention given the 

age-dependent association of the gut microbiome and FA outcomes (59).The microbiota also 

promotes B cell receptor editing within the lamina propria upon colonization (60). Regulatory B 

(Breg) cells are characterized by their immunosuppressive capacity, which is often mediated by 

interleukin (IL)-10 secretion, but also IL-35 and TGF-β production (61). An additional 

immunoregulatory role is the up-regulation of IgG4 antibodies during differentiation to plasma cells. 

Several studies have demonstrated a potential role for Breg in the induction and maintenance of the 

tolerance mechanism (62-64). Several types of Bregs with distinct phenotypic characteristics and 

mechanisms of suppression have been described (62-64); therefore, additional studies are necessary 

to understand the effective role of Bregs in oral tolerance.In addition, there is a body of data reporting 

the activation of non-immune pathways in food oral tolerance. Data suggest that a healthy gut 

microbiota may protect against allergic sensitization by affecting enterocyte function and regulating 

its barrier-protective properties. Similarly, innate lymphoid cells (ILCs) that are abundant in mucosal 

and barrier sites are involved in these defence mechanisms (65). While several subsets of ILCs have 

been identified, particular attention has been given to ILC3 and its interactions with the microbiota. 

Among other factors, these cells produce IL-22, a cytokine of central importance in maintaining tissue 

immunity and physiology via its pleiotropic action in promoting antimicrobial peptide production, 

enhancing epithelial regeneration, increasing mucus production, and regulating intestinal 

permeability (66). How the microbiota affects the turnover of ILC3 remains unclear, but recent 

evidence supports that defined commensals preferentially impact this subset. Particularly, Clostridia-

induced IL-22 has been demonstrated to be an innate mechanism by which the microbiota can regulate 



the permeability of the epithelial barrier and contribute to protection against food allergen 

sensitization (43). In contrast, gut microbiota dysbiosis induces alterations in intestinal epithelial 

function resulting in aberrant Th2 responses toward allergic, rather than tolerogenic, responses (67). 

Gut Microbiota in food allergy 

Epidemiological studies have established a correlation between factors that disrupt the microbiota 

during childhood and immune and metabolic conditions later in life. Several factors responsible for 

dysbiosis have been associated with the occurrence of food allergy (FA), such as caesarean delivery 

(68), lack of breast milk (69), drug use (mainly antibiotics and gastric acidity inhibitors) (70), 

antiseptic agent use, and low fiber/high fat diet (71). Emerging data from human studies link the use 

of antimicrobial agents to the increasing prevalence of FA. Neonatal antibiotic treatment reduced 

microbial diversity and bacterial load in both fecal and ileal samples and enhanced food allergen 

sensitization (43). Even low-dose early-life antibiotic exposure can lead to long-lasting effects on 

metabolic and immune responsiveness (72). Maternal use of antibiotics before and during pregnancy, 

as well as antibiotic courses during the first months of life, are associated with an increased risk of 

cow’s milk allergy in infants (73). 

Data characterizing the microbiota of patients with FA are still preliminary because of multiple 

environmental stimuli that profoundly influence the composition of the gut microbiota (74). Some 

studies have failed to identify differences in infant microbiota according to later allergic status or 

have found different changes in gut microbiota depending on the cases and groups of subjects. 

Although compelling evidence for the association of gut microbiota dysbiosis with FA is emerging, 

heterogeneities in study design, including sampling time points, methods used to characterize the 

microbiota, and different allergic phenotypes under study, make it difficult to establish a clear 

correlation between specific bacterial taxa and allergy development. To better identify microbiota 

changes associated with the emergence of FA, well-phenotyped birth cohorts are needed with long-

term follow up. 



First studies using bacterial cultures showed that infants allergic to cow’s milk had higher total 

bacteria and anaerobic counts (75). There was no association between culturable bacteria and food 

sensitization by 18 months of age in three cohorts of European infants (76). Kendler et al. found no 

association between culturable gut bacteria and sensitization to food including milk, egg, peanut, and 

hazelnut (77). Pyrosequencing technology can identify approximately 80% more bacteria in the gut 

than those identified by conventional culture-based methods, revealing the high complexity and 

diversity of the gut microbiota. Recent evidence suggests that gut dysbiosis precedes FA and 

influences during early life affected the subsequent development of allergic disease (78). Nakayama 

et al. profiled the fecal bacteria compositions of allergic and non-allergic infants and correlated 

changes in gut microbiota composition with allergy development in later years (79). They found that 

in the allergic group, the genus Bacteroides at 1 month and 

genera Propionibacterium and Klebsiella at 2 months were more abundant, while the 

genera Acinetobacter and Clostridium at 1 month were less abundant than in the non-allergic group 

(80). Additionally, the relative abundance of total Proteobacteria, excluding genus Klebsiella, was 

significantly lower in the allergic than in the non-allergic group at the age of 1 month. Allergic infants 

with high colonization of Bacteroides and/or Klebsiella showed less colonization 

of Clostridium within the major phylotypes, suggesting antagonism between these bacterial groups 

in the gut. Bacteroides are sensitive to short-chain fatty acids (SCFAs), particularly under low pH 

conditions (81), suggesting that the observed antagonism is attributable to an SCFA produced 

by Clostridium (82). Azad et al. found that an increased Enterobacteriaceae/Bacteroidaceae ratio 

and low Ruminococcaceae (Clostridia class) abundance, in the context of low gut microbiota richness 

in early infancy, are associated with subsequent food sensitization, suggesting that early gut dysbiosis 

contributes to subsequent development of FA (83). A low level of microbial diversity with 

reduced Clostridiales, and increased Bacteroidales have been also observed in the gut microbiota of 

allergic patients (84). 



Cross-sectional studies comparing the intestinal microbial composition of food allergies in healthy 

subjects have also been performed. Fecal microbial composition was assessed using 16 S rRNA 

sequencing to determine the differences between children with FA (n = 17 with IgE-mediated FA, n = 

17 with non-IgE-mediated FA) and healthy controls (n = 45) (85). There was no difference in 

microbial diversity between groups. Subjects with IgE-mediated FA showed increased levels 

of Clostridium sensu stricto and Anaerobacter (Clostridia class) and decreased levels 

of Bacteroides and Clostridium XVIII. Levels of C. sensu stricto were also correlated with the levels 

of IgE (86). Chen et al. recently showed that children with food sensitization in early life have an 

altered fecal microbiota and lower microbiota diversity compared to healthy controls. Children with 

food sensitization showed significantly decreased numbers of Bacteroidetesand a significantly 

increased number of Firmicutes compared to healthy children. The most differentially abundant taxa 

in children with food sensitization were characterized by increased abundances of Clostridium IV 

and Subdoligranulum (Clostridia class) and decreased abundances 

of Bacteroides and Veillonella (Clostridia class) (86). Recently, enriched taxa from 

the Clostridia class and Firmicutes phylum were observed in children with a more favourable CMA 

disease course (87). Accordingly, a low abundance of some sub-taxa belonging to Clostridia may be 

associated with the development of FA. The Clostridiaclass has become one of the largest genera of 

bacteria, and presently contains more than 100 species. Some Clostridia groups possess pathogenic 

species; however, most Clostridia have a commensal relationship with the host (88).In agreement 

with this view, a pivotal study by Atarashi et al. showed that the spore-forming component of gut 

microbiota, particularly clusters IV and XIVa of the genus Clostridium, promoted Tregs accumulation 

in the colonic mucosa. Colonization of mice by a defined mix of Clostridiumstrains provided an 

environment rich in TGF-β and affected the number and function of colonic Tregs expressing the 

Foxp3 transcription factor (Foxp3+ Tregs) (89). Foxp3+ Tregs play a critical role in oral tolerance 

(90). In a subsequent study, Atarashi et al. isolated 17 strains within Clostridia clusters XIVa, IV and 



XVIII from a human fecal sample and demonstrated that these strains affect Tregs differentiation, 

accumulation and function in mouse colon (91). 

Many bacterial metabolites are an important communication tools between the host immune system 

and commensal microbiota, establishing a broad basis for mutualism (92). Among these, SCFAs are 

among the most abundant, and play a critical role in mucosal integrity, and local and systemic 

metabolic function, and stimulate regulatory immune responses (93-95). Clostridia species belonging 

to cluster IV and XIVa are prominent source of SCFAs in the colon. SCFAs have been implicated in 

the regulation of both the proportions and functional capabilities of colonic Tregs (92), which, in 

some studies, has been specifically attributed to butyrate production by spore-

forming Clostridiales (93). Moreover, SCFAs can increase epithelial barrier functions, as measured 

by fluorescein isothiocyanate-dextran permeability assay, in a GPR43-dependent manner (53) or 

through the stabilization of hypoxia-inducible factor-alpha, particularly by butyrate (94). Therefore, 

SCFAs can promote the barrier functions of the intestine, suggesting another protective role of 

butyrate against FA. In FA children compared to healthy subjects, different levels of fecal SCFAs, 

particularly butyrate, have been described (95-97). As recently demonstrated, dysbiosis 

in Faecalibacterium prausnitzii is associated with AD, but it was shown that the presence of 

subspecies is more associated with AD than with the species overall (98). Dysbiosis results in the 

suppression of high-butyrate-producer subspecies, leading to a reduction in overall butyrate 

production. Thus, different types of dysbiosis may share the same metabolic features leading to 

similar effects in term of SCFAs or of other metabolites levels that could facilitate the occurrence of 

FA. Interestingly, substantial correlations exist between the 16S rRNA profile, predicted 

metagenome, and metabolome of neonatal fecal samples, indicating a deterministic relationship 

between the bacterial community composition and metabolic microenvironment of the neonatal gut 

(57). 



It is also crucial that studies move beyond cataloguing of bacteria and toward functional 

characterization and mechanistic understanding. Meta-transcriptomic studies will provide 

information regarding not only which bacteria and bacterial genes are present in a sample, but also 

the transcriptional activity of the community (99). Metabolomics can reveal how bacterial metabolites 

facilitate interactions with the host and how they may influence the health state of the host (100, 101). 

Fine-level characterization of bacterial species can help reveal the function of the microbiome, which 

is affected by interactions among closely related bacteria that may compete for the same niche but 

have distinct activities. Together, these studies will provide a high-resolution picture of bacteria-host 

interactions that can lead to disease. Moreover, studies on germ-free mice may enable more precise 

determination of how microbial imbalances result in disease. 

Probiotics in pediatrics 

Interest in probiotic research and its potential benefits in paediatric nutrition are relatively recent but 

significantly increasing. According to a recent bibliometric analysis, the total number of documents 

published on probiotics in paediatrics over the period 1994-2014 was 2817. Research activity on 

probiotics in paediatrics showed a 90-fold increase during the study period. Approximately 22% of 

published articles originated from USA and has the greatest share. 

The top ten cited articles over the past two decades revealed that most of the hot articles focused on 

the role of probiotics in treatment of allergy and diarrhoea in children. Microbiology, immunology 

and potential mechanism of benefits of probiotics in children were also topics of interest in this area 

(102). 

Timing and duration of treatment, the optimal probiotic strains, and factors that may alter the 

composition and function of the microbiome are still in need of further research. Other treatments 

such as prebiotics, faecal microbial transplantation, and antibiotics have limited evidence. Future 

translational work, in vitro models, long-term and follow-up studies, and guidelines for the 

composition and viability of probiotic and microbial therapies need to be developed. Overall, while 

manipulating the microbiome with probiotics early in life can help prevent or reduce the severity of 



some childhood diseases, further research is needed to elucidate biological mechanisms and 

determine optimal treatments. 

In 2001, the FAO/WHO defined probiotics as ‘‘live microorganisms that, when administered in 

adequate amounts, confer a health benefit on the host’’. This definition has been widely adopted by 

regulatory agencies such as Codex alimentarius, and the European Food Safety Authority (EFSA), 

scientists, industry, and consumers. The definition translates into scientific terms that a specific 

probiotic strain should have be investigated in properly controlled studies to confer a specific benefit 

before a claim with respect to this benefit can be made. If this is not fulfilled the only allowed claim 

would be ‘‘contains probiotics’’. Studies using probiotics or prebiotics have generally been designed 

as exploratory and were not sufficiently designed to fulfil the criteria for substantiation of a health 

claim under the current claims regulation by EFSA (103).  

Selected probiotics, such as Lactobacillus rhamnosus GG (LGG), were found to lower the risk of 

atopic dermatitis when used by women during the last trimester of pregnancy, by breastfeeding 

mothers, or when given to infants (104). Studies examining the efficacy of currently available 

probiotics in treating FA have yielded conflicting results. It was recently demonstrated that oral 

immunotherapy supplemented with the probiotic L. rhamnosus CGMCC 1.3724 led to peanut 

unresponsiveness in 82% of allergic children (105). In one randomized, double-blind, placebo-

controlled study of infants with challenge-proven CMA, administration of Lactobacillus 

casei CRL431 and Bifidobacterium lactis Bb12 for 12 months did not affect the acquisition of 

tolerance to cow’s milk (106). In contrast, we demonstrated in different studies that an extensively 

hydrolyzed casein formula (EHCF) containing LGG accelerated the development of tolerance 

acquisition in infants with CMA and reduced the incidence of other allergic manifestations (107-109). 

When we compared the fecal microbiota of infants receiving this tolerance-inducing probiotic-

supplemented formula to that obtained from infants receiving EHCF alone, we found significant 

positive correlations between the abundance of butyrate-producing genera, and an increase 

concentration of fecal butyrate (96). The mechanisms of action of butyrate are multiple, but many of 



these involve epigenetic regulation of gene expression by inhibiting histone deacetylase (HDAC). 

Inhibition of HDAC 9 and 6 increased FoxP3 gene expression, and the production and suppressive 

function of Tregs (110). We demonstrated that the use of EHCF+LGG induces stronger epigenetic 

regulation of Th1 and Th2 cytokines genes as revealed by the significantly different levels of 

promoter region methylation (111). Similar results were obtained by examining the FoxP3 Treg-

specific demethylated region (TSDR) methylation profile. FoxP3 TSDR demethylation and 

expression were significantly higher in children treated with EHCF+LGG compared to in children 

treated with other dietary strategies (112). These results strongly suggest that acting on gut microbiota 

composition and function can have long-term protective effects in children with FA. 

Probiotics in allergy prevention and treatment 

To recommend probiotics for allergy prevention or treatment it needs to be proven that a specific 

probiotic bacterium or a mixture of probiotic strains given to the pregnant or breastfeeding mother or 

directly to the infant or young child reduces the risk of later allergies or the symptoms of allergy as 

well.  

Evidence on animal models show the potential benefits of Bifidobacteria species in the prevention 

and treatment of allergies. 

It was demonstrated that the oral administration of Bifidobacteria TMC3115, during early life could 

reduce the risk of IgE-mediated allergies in adult host animals provoking modifications of intestinal 

microbiota, Small Chain Fatty Acids metabolism and anti-inflammatory cytokine IL-10 production 

at both neonatal and adult stages (113) 

Furthermore, dietary intervention with short-chain galacto-oligosaccharides (scGOS), long-chain 

fructo-oligosaccharides (lcFOS) and Bifidobacterium breve M-16V (Bb) (GF/Bb) suppresses food 

allergic symptoms in mice, potentially via intestinal epithelial cell (IEC)-derived galectin-9. 

Furthermore, in vitro studies showed galacto- and fructo-oligosaccharides (GF) to enhance the 

immunomodulatory capacity of a TLR9 ligand representing bacterial CpG DNA when exposed to 

IEC (114). 



In addition, oral administration of Bifidobacterium infantis CGMCC313-2 during or after allergen 

sensitization suppressed allergic inflammation in lung and intestinal tissues inhibiting the secretion 

of allergen-induced IgE, IL-4 and IL-13, and attenuates allergic inflammation, while the proportion 

of infiltrating inflammatory cells was significantly decreased in the BALF of allergic asthma mice. 

In other terms, B. infantis CGMCC313-2 (115). 

Another recent evidence affirmed that prior exposure to BLG-peptides and a FF/Bb-enriched diet is 

a promising approach for protecting the intestinal Th1/Th2 balance and reducing the allergic response 

to whole whey protein. Therefore, it might have implications for developing successful nutritional 

strategies for CMA prevention (116). 

The ability of some probiotic strains to modulate mouse models on the balance between Th1 and Th2 

is further confirmed by another source: a reduction in mast cell degranulation (mMCP-1) and changes 

in regulatory and effector T-cell subsets and increases in the SCFA propionic acid. These results 

suggest immune modulatory benefits of dietary intervention with a unique combination of 

scFOSlcFOS + Bifidobacterium breve in established food allergy. Whether these effects translate to 

human applications is subject for ongoing clinical studies (117). 

It is known that Bifidobacterium longum predominate in the fecal microbiota of breast-fed infants 

because of their ability to metabolize human milk oligosaccharides (HMOs), which has a profound 

positive effect on the short- and long-term well-being of the individual. In contrast, formula-fed 

infants are dominated by alternative species such as Bifidobacterium adolescentis and 

Bifidobacterium pseudocatenulatum, which are commonly found in adults (118). Earlier studies 

suggested that bifidobacteria inhabiting the infant intestine are superseded by other strains after 

weaning until adulthood (119). However, recent studies have shown that strains of Bifidobacterium 

longum ssp. longum persist in the gut microbiota over time, as strains isolated from the same babies 

at one and 2 (120). 

Regardless of the strain, the most important characteristic for the probiotic to be effective is the 

capability to colonize the ecosystem in which it is introduced and that its survival in the microbiota 



is sufficiently durable to bring about the effects demonstrated in literature above all on animal models. 

AIM OF THE STUDY 

Our hypothesis was that the intestinal microbiota of infants suffering from CMA was different from 

that of healthy subjects and from that of subjects sensitized to cow's milk proteins, but not allergic. 

The aim of the study then was: 

1) To evaluate intestinal microbiota composition of IgE mediated CMA infants compared to that of 

sensitized but not allergic infants and healthy controls; 

2) To evaluate the baseline presence of Bifidobacterium longum BB536, Bifidobacterium breve M-

16V and Bifidobacterium infantis M-63 in stools of infants with CMA compared to that of sensitized 

but not allergic and healthy controls; 

3) To evaluate the presence of the same strains in CMA patients during administration of multi-strain 

probiotics containing Bifidobacterium longum BB536, Bifidobacterium breve M-16V and 

Bifidobacterium infantis M-63 and after 60 days from the discontinuation.  

4) To evaluate intestinal microbiota composition of children with CMA during and after 

administration of probiotics mixture.  

MATERIALS AND METHODS 

Study design and sample collection 

The study was a prospective multicentric study. 

Patients were consecutively enrolled at Pediatric Gastroenterology and Liver Unit of Sapienza 

University of Rome and at the Allergy Division of Bambino Gesù Children’s Hospital in Rome since 

January 2016 to December 2018.   

 
- Inclusion criteria: all 10-15 months’ children evaluated for suspected IgE mediated CMA.  

- Exclusion criteria: gastrointestinal disease in the last 30 days, metabolic or congenital 

disorders.  



Intake of antibiotics, probiotics, proton pump inhibitors, fermented milks or other functional 

foods in the 2 weeks prior to the start of the study. 

For each patient, informed consent was obtained, and then anamnestic data were recorded: type of 

birth and duration of breastfeeding.  

For each patient, total IgE, Skin Prick Tests and specific IgE for cow milk (alpha-lactalbumin, beta-

lactoglobulin and casein) protein were evaluated.  

In positive patients, double-blind placebo- controlled food challenge (DBPCFC) were then 

performed.   

Based on the results of in vitro and in vivo exams and DBPCFC, all enrolled patients were then 

divided in 3 groups: 

- Group 1: patients with positivity for specific IgE against cow milk proteins and DBPCFC 

confirmed IgE mediated cow milk allergy. 

- Group 2: patients showing positivity for specific IgE against cow milk proteins but tolerant 

to cow milk proteints at DBPCFC.  

- Group 3: age and sex matched healthy children.  

For each patient, a stool sample was collected at enrolment (T0).  

In Group 1 probiotic mixture (TRIBIFâ composed of B. breve M-16V, B. longum subsp. longum 

BB536 and B. longum subsp. infantis M-63) was then administered twice per day (3.5×109 UFC/dose) 

for 30 consecutive days and stool samples were collected during clinical visits following this 

schedule:   

T1 (7 days from probiotic intake)  

T2 (15 days from probiotic intake)  

T3 (30 days from probiotic intake)  

T4 (after 30 day from probiotic discontinuation)  

T5 (after 60 day from probiotic discontinuation) 



All samples were stored at -80°C at the Human Microbiome Unit of Bambino Gesù Children’s 

Hospital in Rome until DNA extraction.  

This study was approved by the OPBG Ethics Committee (protocol number 787_OPBG_2014) and 

was designed in according to Declaration of Helsinki. 

The study was registered on Clinicaltrials.gov (ClinicalTrials.gov Identifier: NCT03639337). 

B. breve M-16V, B. longum subsp. longum BB536 and B. longum subsp. infantis M-63 from the 

probiotics 

B. breve M-16V, B. longum subsp. longum BB536 and B. longum subsp. infantis M-63 were cultured 

on Columbia agar + 5% sheep blood medium (COS, Biomerieux Marcy l'Etoile, France) at 37°C for 

24 h under anaerobic conditions. Single colonies were isolated and purified on new COS plates based 

on their morphology. Bacterial identification was confirmed using a matrix assisted laser 

desorption/ionization mass spectrometry (MALDI-TOF MS) biotyper and a Microflex LT mass 

spectrometer (Bruker Daltonics, Bremen, Germany) as described. 

Bacterial DNA extraction from colony and 16S ribosomal locus amplification 

DNA was extracted from bacterial colonies using the EZ1 DNA Tissue Kit and automatic extractor 

biorobot EZ1 according to the manufacturer’s instructions (Qiagen, Hilden, Germany). The entire 

ITS (internal transcription spacer) locus (1430 bp) was amplified from the extracted DNA using 

universal primers (FW: 5’- GGT GTG AAA GTC CAT CGC T-3’; RV: 5’-GTC TGC CAA GGC 

ATC CAC CA-3’). PCR was performed with a reaction mixture containing 5 µl 10X Buffer, 2 µl 2.5 

mM MgCl2, 1 µl each primer (10 µmol/L), 2 µl dNTPs (10 mmol/L), 1 µl Taq DNA polymerase (5 

U/µl) (KAPA Taq PCR kit, KAPA Biosystems, Boston, USA), 5 µl DNA template (10 ng/µl) and 

molecular-grade H2O to a final reaction volume of 50 µl. The amplification protocol consisted of one 

cycle of initial denaturation at 94°C for 5 min, 30 cycles of denaturation at 94°C for 1 min, annealing 

at 56.5°C for 1 min, and extension at 72°C for 1 min followed by a final extension at 72°C for 10 

min. The resulting amplicons were purified using centrifugal filter units (Amicon Ultra-0.5 mL 



Centrifugal filters 30 K, Sigma-Aldrich, MO, USA) and quantified using the NanoDrop ND-1000 

spectrophotometer (Thermo Fisher Scientific, DE, USA). 

Bacterial DNA cloning and species-specific primer and probe design 

The purified PCR products were sequenced and cloned into the PGEM vector following the 

instructions provided by the pGEM®-T Easy Vector System kit (Promega, Italy) using Escherichia 

coli competent cells as a host. The obtained plasmids, pGEM-BB (pGEM+B. breve), pGEM-BL 

(pGEM+B. longum subsp. longum), pGEM-BI (pGEM+B. longum subsp. infantis), were extracted 

(Plasmid Miniprep Kit, Promega, Italy), quantified using the NanoDrop ND-1000 spectrophotometer 

and diluted. The dilutions, which ranged from 106 to 101 vector copy numbers, were used as standards 

in the quantitative RT-PCR (qRT-PCR) assays. The cloned fragments of ITS rDNA in the pGEM- 

vectors were amplified and sequenced with an automated sequence analyser (Genetic Analyser 3500, 

Applied Biosystems, CA, USA) using a 50-cm capillary array and a POP-7 polymer (Applied 

Biosystems) and the BigDye Terminator Cycle Sequencing kit (Applied Biosystems, version 3.1) 

according to the manufacturer’s instructions. All electropherograms were manually edited for base 

ambiguity. The obtained FASTA sequences were aligned using CLUSTAL-W software 

(http://www.ebi.ac.uk/clustalw/) and used for the design of species-specific primers and TaqMan 

probes (Roche Diagnostics, Mannheim, Germany). 

Bacterial DNA extraction from stool samples 

Frozen stool samples were thawed at room temperature, and DNA was manually extracted using the 

QIAmp Fast DNA Stool mini kit (Qiagen, Germany) according to the manufacturer’s instructions. 

DNA was quantified using the NanoDrop ND-1000. Comparable amounts of DNA (80 ng) from each 

sample were used in the qRT-PCR assays.  

qRT-PCR 

Quantification of B. breve, B. longum subsp. longum and B. longum subsp. infantis in faecal samples 

was carried out by qRT-PCR using the Light Cycler 480 platform (Roche Diagnostics, Mannheim, 

Germany). The assays were performed with a 20 µl PCR amplification mixture containing: 10 µl 



LightCycler 480 Probe Master mix (Roche Diagnostics), 2 µl primers and probes (optimized 

concentrations, 0.5 µM and 0.1 µM, respectively), 3 µl molecular-grade H2O and 5 µl DNA template. 

Each sample was tested in duplicate to ensure data reproducibility. The RT-PCR temperature profile 

consisted of an initial denaturation at 95°C for 10 min, 45 amplification cycles at 95°C for 10 sec, 

60°C for 30 sec and 72°C for 1 sec followed by a final cooling step at 40°C for 30 sec. Absolute 

quantification was performed using the “second derivative maximum method”.  

Primers and probes designed for B. breve, B. longum subsp. longum and B. longum subsp. 

infantis for the Real Time assay. 

 

Species 
specificity Primer or probe Sequence Product 

size 

B. breve 

Fw_Bbreve 5’-gTg gTg gCT TgA gAA CTg gAT Ag 3’ 

117 bp 
Rv_Bbreve 5’-CAA AAC gAT CgA AAC AAA CAC 

TAA A-3’ 

P_Bbreve 5’-FAM-CGC ACC CAC CGC A-BHQ-3’ 

B. longum 
subsp. 
longum 

Fw_Blongum subsp. 
longum 

5’-Tgg AAg ACg TCg TTg gCT TT-3' 

109 bp Rv_ Blongum subsp. 
longum 

5’-ATC gCg CCA ggC AAA A-3’ 
P_ Blongum subsp. 
longum 5’-FAM-CGC ACC CAC CGC A-BHQ-3’  

B. longum 
subsp. 
infantis 

Fw_Blongum subsp. 
infantis 5’-CTC CTT TCT ACg gAg AAT ACA ggA 

T-3’ 

113 bp Rv_ Blongum subsp. 
infantis 

5’-gAA CCg AAA gCC CAT gAT CT-3’  
P_ Blongum subsp. 
infantis 5’-CgC gAT ggT CgC gTg Tgg A-3’                  

 



16S rRNA targeted-metagenomics of fecal microbiota  

DNA from stool samples was manually extracted using QIAmp Fast DNA Stool mini kit (Qiagen, 

Hilden, Germany) according to the manufacturer’s instructions. For each sample, the variable region 

V3-V4 from the 16S rRNA gene (~460 bp) was PCR amplified using the primers 16S_F 5′-(TCG 

TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC AG)-3′ and 

16S_R 5′-(GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA GGA CTA CHV GGG 

TAT CTA ATC C)-3′ as described in the MiSeq rRNA Amplicon Sequencing protocol (Illumina, San 

Diego, CA). The first PCR reaction was set up using Fast Start Hifi Taq (Roche Diagnostics, 

Mannheim, Germany) with the following conditions: initial denaturation at 95 °C for 3 min, 32 cycles 

of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, and extension at 72 °C for 30 s, and a 

final extension step at 72 °C for 5 min. DNA amplicons were cleaned-up by 20 ul of KAPA Pure 

Beads (Roche Diagnostics, Mannheim, Germany). Indexed libraries were prepared by a second 

amplification step using Nextera technology. The final library was cleaned-up using 50 µl of AMPure 

XP beads, quantified using Quant-iT™ PicoGreen® dsDNA Assay Kit (Thermo Fisher Scientific, 

Waltham, MA) and diluted in equimolar concentrations (4 nM). Samples were pooled together, 

denatured and diluted to 7 pM before the sequencing on an Illumina MiSeqTM platform (Illumina, 

San Diego, CA, United States) according to the manufacturer’s specifications to generate paired-end 

reads of 300 base-length. 

Biocomputational and statistical analyses 

Illumina Miseq reads were first analyzed for their quality, length and chimera presence using the 

Qiime v1.8 pipeline. Then, sequences were organized into Operational Taxonomic Units (OTUs) 

with a 97% of clustering threshold of pairwise identity. PyNAST v.0.1 program was used to carry out 

a multiple sequence alignment against Greengenes 13_08 database with a 97% similarity for bacterial 

sequences (121). The OTUs multiple sequence alignment was used as well to build a phylogenetic 



tree (122). Alpha and beta diversity were performed by phyloseq of R package (123), while OTUs 

relative abundances during the time course, was assessed by Kruskal-Wallis test, corrected for FDR. 

PERMANOVA test was applied on beta diversity metrics with 999 permutations to compare samples 

at different time points.  

RESULTS 

The study was proposed to 63 children.  

Twenty-three were excluded by the enrolment: in 1 child celiac disease was diagnosed; 4 patients had 

assumed antibiotic therapy in the previous 2 weeks; 3 were following therapy with proton pomp 

inhibitor because of oesophageal reflux disease; 11 were just taking different probiotic strain and 4 

were fed with fermented milk.   

A total of 40 children were then enrolled (median age 12.8 months; 19 females).  

According to DRACMA guidelines for diagnosis of IgE mediated CMA (29), the patients underwent 

Skin Prick Test, serological evaluation and DBPCFC. 

They were then divided into 3 groups:  

Group 1: 14 infants (6 females) showing positivity for specific IgE against at least one cow milk 

proteins and for DBPCFC. 

Group 2: 12 infants (5 females) showing positivity for specific IgE against at least one cow milk 

proteins but negative to DBPCFC.  

Group 3: 14 age and sex matched healthy infants (8 females). 

 

 

 

 

 

 



In the table demographic and clinical characteristics are reported. 

 Group 1 Group 2 Group 3 p 
Mean age +/- SD 12.86 +/-1.68 13.36 +/- 1,01 12.6 +/- 1.53 0.08 

Male / Female 8 / 6 7 / 5 6 / 8 0.7 
Cesarean section 21.4% 25% 43% 0.6 

Mean breastfeeding duration (months) 7.2 7.5 8 0.44 
Mean diameter Prick by Prick with Cow Milk 

(mm) 5 1.25 0 0.09 
Mean diameter Skin Prick Test with Alpha-

Laactoalbumin (mm) 4.4 1 0 0.04 
Mean diameter Skin Prick Test with Beta-

Lactoglobulin (mm) 3.8 0.85 0 0.2 
Mean diameter Skin Prick Test with Casein (mm) 6.4 1 0 0.039 

Total IgE (kU/L) 228.2 51.2 33.2 <0.01 
Specific IgE for Cow milk proteins 23.8 0.8 0 0.053 

Specific IgE for Alpha-Lactoalbumin 3.5 0.1 0 0.14 
Specific IgE for Beta-Lactoglobulin 9.0 0.5 0 0.26 

Specific IgE for Casein 9.4 0.4 0 0.18 
 

Three out of 14 (21.4%) in Group 1, 3/12 (25%) in Group 2 and 6/14 (43%) in Group 3 were delivered 

by caesarean section (p=0.6).  

Ten out of 14 in Group 1 (71.4%), 9/12 in Group 2 (75%) and 10/14 in Group 3 (71.4%) were 

breastfed till weaning.  

Prick by prick for fresh cow milk in 11/14, 6/12, 0/14 and specific IgE for cow milk were positive in 

13/14, 9/12, 0/14 in Group 1, 2 and 3 respectively.  

In the Graph details on sensitization status are provided.  
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After DBPCFC, all Group 1 infants followed cow milk protein’s free diet and regularly took the 

probiotic mixture TRIBIFâ (B. breve M-16V, B. longum subsp. longum BB536 and B. longum subsp. 

infantis M-63) twice per day (3.5×109 UFC/dose) for 30 days without any relevant symptoms. 

One stool sample for each patient was collected at T1 (7 days from probiotic intake), T2 (15 days 

from probiotic intake); T3 (30 days from probiotic intake), T4 (after 30 day from probiotic 

discontinuation) and T5 (after 60 day from probiotic discontinuation). 

RT-PCR analysis 

RT-PCR was performed on patient faecal samples (33 T0, 12 T1, 12 T2, 11 T3, 12 T4 and 11 T5) using 

primers and probes specific for B. breve, B. longum subsp. longum and B. longum subsp. infantis.  

At baseline, B. breve and B. longum subsp. longum were present in the gut microbiota of patients in 

the order of 104-105 cells/ul in the three Groups without significant differences. 

In the Graph, median values differences between B. breve, B. longum subsp. longum and B. 
longum subsp. infantis levels at T0. 
 

 

In Group 1, TRIBIFâ intake did not cause a significant increase of B. breve and B. longum subsp. 

longum in faecal samples.  

In the following graph, median values differences between B. breve, B. longum subsp. longum 
and B. longum subsp. infantis levels at each point of the time-course in Group 1. 
 



 
For B. longum subsp. infantis we observed a peculiar trend in its concentration values during the time-

course. At baseline, its median concentration value was 0 in all the three groups, indicating a total 

absence of this species in infants gut microbiota. During probiotic intervention, its amount 

significantly increased from T1 (7 days from first day of therapy) to T3 (after 30 days of therapy), 

while it started to decrease from point T4 (after 30 day from probiotic discontinuation).  

 
Ecological analysis 
 
 At baseline, alpha diversity was calculated using Observed, Chao1 and Shannon indices in order to 

evaluate OTUs evenness, rarity and richness within the Group 1, Group 2 and Group 3. Even if no 

statistically significant differences were found, Group 2 showed a higher number of total OTUs 

(Observed index) including rare OTUs (Chao 1 index), while the richness (Shannon index) of gut 

microbiota resulted comparable between the 3 groups.  

 
 
 
 
 
 
 
 
 
 
 
 
 



In the figure boxplots representing alpha-diversity indices Observed, Chao1 and Shannon 
indexes among groups. Boxes represent the median, 25th and 75th percentiles calculated for 
Group 1 (blue), Group 2 (red), and Group 3 (yellow) groups. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



To evaluate how OTUs were differentially distributed in the 3 groups in terms of phylogenetic 

relatedness (i.e., unweighted UniFrac algorithm), differences in beta diversity were calculated.  

Group 1 was cleared separated from the other groups, which was verified using the PERMANOVA 

test (p=0.019). 

 

 

Beta-diversity analysis applied for ALLERGIC, Healthy and NCA samples. The plots show the 
first two principal axes for PCoA using unweighted UniFrac algorithm. P-values obtained by 
PERMANOVA analyses are reported. 
 

 
 
 
 

 

 

 

 

 

 



In Group 1, after probiotics administration there was no statistically significant changes in alpha 

diversity measures, but at T5, when the probiotic intake was interrupted for 60 days, there was a 

significant strong decrease of all the alpha diversity indices values. 

 

Boxplots representing alpha-diversity indices Observed, Chao1 and Shannon indexes during 
time-course of ALLERGIC group. Boxes represent the median, 25th and 75th percentiles 
calculated for ALLERGIC group at T0 (blue), T1 (yellow), T3 (red) and T5 (purple). p-values 
are reported. 

 

 

 

 

 

 

 

 

 



However, there were no clearly defined clusters for the patients stratified into T0 and T2–T5 groups 

(PERMANOVA = 0.829). 

 
Beta-diversity analysis applied for all the time points of Group 1. The plots show the first two 
principal axes for PCoA using unweighted UniFrac algorithm. P-values obtained by 
PERMANOVA analyses are reported. 
 

 

 

Gut microbiota profiling  

To detect differences in OTU composition among groups, we compared time point T0 of the Group 

1 (ALLERGIC group) (i.e., before the probiotic intake) to the Group 2 (NCA) and Group 3 

(HEALTHY groups).  

OTU distribution was investigated at the phyla and genus levels.  

At phylum level, Kruskal–Wallis test highlighted that Verrucomicrobia were higher in HEALTHY 

group and gradually decreased from NCA to ALLERGIC group (pFDR<0.05). On the contrary, 

Firmicutes resulted more abundant in NCA group and lower in HEALTHY subjects, while the 



ALLERGIC group showed an intermediate level of abundance between the other two groups 

(pFDR<0.05). 

 
Kruskal Wallis test-based OTU distribution of the gut microbiota in the 3 groups. The bar 
graphs represent the average distribution of the OTUs at phylum level. Only statistically 
significant OTUs (p(FDR)<0.05) are plotted. 
 

 

At genus level, Haemophilus, Actinobacillus, Prevotella and Streptococcus resulted associated to 

allergy, with a significant increase (p<0.05) in Group 1 and less in Group 2 compared to Group 3 

subjects. Also Klebsiella showed a higher abundance in Group 1 but not in Group 2 compared to 

Group 3. Parabacteroides and Granulicatella were instead more abundant in Group 3. 

 

 

 

 

 

 



Kruskal Wallis test-based OTU distribution of the gut microbiota in the 3 groups. The bar 
graphs represent the average distribution of the OTUs at genus level. Only statistically 
significant OTUs (p(FDR)<0.05) are plotted. 
 

 

 

 

To evaluate the influence of probiotic intake on gut microbiota modulation, we tested the OTU 

distribution during the time-course in Group 1. At phylum level, there was an increase of 

Verrucomicrobia during probiotic intake with a peak of abundance at T3. At T5, after 60 days since 

probiotic interruption, there was a rapid decrease of Verrucomicrobia abundance. Proteobacteria 

showed a gradually increase during probiotic intake and this increment was maintained also at T5. 



On the contrary, Actinobacteria decreased during the time-course, even if there was an increase form 

point T1 to point T3. 

Kruskal Wallis test-based OTU distribution of the gut microbiota during the time-course of the 
ALLERGIC group. The bar graphs represent the average distribution of the OTUs at phylum 
level. Only statistically significant OTUs (p(FDR)<0.05) are plotted. 
 

 

At genus level, probiotic intake determined an increase of Akkermansia, Prevotella and 

Ruminococcus that was maintained also at T5. Blautia increased during all the period of probiotic 

intake, until T3 point, while at T5 it started to decrease and showed a level of abundances lower of 

that observed at T0. Actinomyces, Enterococcus, Streptococcus and Sutterella resulted instead 

diminished after probiotic intervention. 



Kruskal Wallis test-based OTU distribution of the gut microbiota during the time-course of the 
ALLERGIC group. The bar graphs represent the average distribution of the OTUs at phylum 
level. Only statistically significant OTUs (p(FDR)<0.05) are plotted. 
 

 

 

DISCUSSION 

Our hypothesis was that the intestinal microbiota of infants suffering from CMA was different from 

that of healthy subjects and from that of subjects sensitized to cow's milk proteins, but not allergic. 

Several studies focused on the comparison of the intestinal microbiota composition between heathy 

individuals and allergic children, but results are contradictory (96; 124-126).  

The Bifidobacterium spp. are assumed to be beneficial for human health due to their several effects 

such as vitamin production, immune system stimulation, inhibition of potentially pathogen bacteria, 



improvement of food ingredients digestion (127, 128) and their decreased abundance have been 

related also to many different diseases (129-131). 

The modulation of gut microbiota is perhaps an ancestral, innate concept for human beings. At this 

time, the restoration of gut microbiota impairment is a well-established concept in mainstream 

medicine, and several therapeutic approaches have been developed in this regard. Antibiotics, 

prebiotics and probiotics are the best known and commercially available options to overcome 

gastrointestinal dysbiosis. 

In a recent position paper ESPGHAN Working Group for Probiotics and Prebiotics provides evidence 

on the inadequate quality of commercial probiotic products, regarding microorganism specification, 

their numbers, functional properties, and the presence of contaminating microorganisms. In this 

document more stringent quality control procedures are suggested, which should be mandatory for 

products prescribed for specific clinical situations, and for use in vulnerable populations such as 

infants and children (132). 

The present study demonstrates the ability of a specific Bifidobacteria mixture to colonize and persist 

within the microbiota of children affected by cow's milk proteins IgE mediated allergy. 

Previously it was demonstrated that children treated with the same probiotic mixture achieved a 

significant improvement of symptoms and QoL in allergic rhinitis and intermittent asthma (133) but 

no data were provided about the real presence of probiotics in patients’ microbiota.  

Few studies demonstrate the real ability of probiotics to colonize the intestine. This aspect does not 

allow clinicians to choose the probiotic strain sure that it will persist in the intestinal mucosa. 

Colonization of the human gut is influenced by various factors such as the method of delivery (i.e., 

vaginal or cesarean), type of feeding (breast-fed or formula-fed), exposure to antibiotics, frequency, 

and nature of diseases and hygiene conditions (134).  

Bifidobacteria dominate the total gut bacterial population in healthy breast-fed infants (135-137), 

although this dominance decreases following weaning (138).  



At baseline, B. breve and B. longum subsp. longum were present in the gut microbiota of patients in 

the order of 104-105 cells/ul without significant differences in the three Groups. 

This could be explained because our subjects were all of the same strict age range and without any 

significant differences for delivery method, breastfeeding and use of probiotics, antibiotics and 

protonic pump inhibitor.  

On the contrary, B. longum subsp. infantis was totally absent at baseline in all the three groups. During 

probiotic intervention, its amount increased significantly during 30 days of therapy, while it started 

to decrease after 30 days from probiotic discontinuation.  

It was demonstrated that during early postnatal development, changes in the composition of intestinal 

antimicrobial peptides (Defensins) provoke mutations in microbiota composition (139). 

These mutations can cause increase of Gram (-) bacteria, repression of TLR signalling and increase 

of Nuclear factor kB inhibitor.  

Consequently, we observe an increase in CD103+ dendritic cells and CX3CR1+ macrophages home 

to the gut mucosa. In this way, regulatory T (Treg) cells populate intestinal mucosa. CD103+ 

migratory dendritic cells carry antigen from the gut to Mesenteric Lymph nodes where they promote 

the induction of Treg. 

In previous studies, it was demonstrated that Bifidobacterium infantis markedly induce FOXP3+T 

reg cells in this phase. After postnatal period, members of the Clostridium cluster IV and XIVa might 

take over the role of B. infantis (140).  

After weaning, the composition of the bifidobacterial population changes toward species capable of 

adapting to the metabolism of plant-derived sugars. For example, B. longum subsp. longum and B. 

adolescentis can utilize such diet-derived carbohydrates, while B. bifidum may shift its HMO-

metabolic abilities toward mucin degradation (141-145). 



We can speculate that we did not find B. longum subsp. infantis in faceal samples of our population 

because of the age range (10-15 months) and its presence after administration represents the real proof 

of the colonization capacity of probiotics mixture.   

One outcome from the fermentation of prebiotics by the gut microbiota is the production of short 

chain fatty acids (SCFAs), such as acetate, butyrate and propionate (146). Both Bifidobacteria and 

Lactobacilli produce acetate (and lactate), thus contributing to the SCFA-mediated health effects of 

prebiotics, although these two microorganisms do not produce butyrate and/or propionate (147, 148). 

Furthermore, a recent study has demonstrated that acetate produced by B. longum NCC2705 acts as 

an essential co-substrate for butyrate production and growth by Eubacterium rectale ATCC 33656 

(149). 

We could then imagine the possible increase of SCFA production after probiotics mixture 

administration. 

From basal microbiota comparison, we demonstrated that allergic patients clustered in Beta-diversity 

analysis (PERMANOVA test (p=0.019)) and showed a peculiar phylogenetic relatedness.    

In a previous study no differences in microbial diversity (according to the Shannon index) between 

the children with and without food allergy was find out (150). 

That population showed a wide age range (0-18 years) that makes impossible to make a comparison 

with our study.  

In our allergic patients, probiotics administration did not provoke statistically significant changes in 

microbiota alpha diversity measures, but after 60 days from probiotics discontinuation, there was a 

significant strong decrease of all the alpha diversity indices values. 

This evidence was before demonstrated for other kind of probiotics: a transient increase in community 

evenness and diversity of the distal intestinal microbiome in animals treated with L. reuteri compared 

with that of vehicle-treated animals (151).  

The diversity in microbial communities was shown to be associated with increased ecological 

stability (152).  



From microbiota profiling, it is worth noting that at phylum level, Kruskal–Wallis test highlighted 

that Verrucomicrobia were higher in healthy group and gradually decreased from Group 2 to Group 

3 (pFDR<0.05).  

This phylum is a member of the PVC (Planctomycetes-Verrucomicrobia-Chlamydiae) superphylum 

which includes phylogenetically related bacteria with unusual characteristics such as the existence of 

a complex and dynamic endomembrane system that, in some aspects, makes them closer to eukaryotic 

cells. It includes a small number of genera isolated from fresh water, soil and animal 

feces; Akkermansia muciniphila is the main member of this phylum identified in humans (153).  

In our population Firmicutes resulted more abundant in Group 2 and lower in healthy subjects, while 

Group 1 showed an intermediate level of abundance between the other two groups (pFDR<0.05). 

Chen et al. recently showed that children with food sensitization in early life have an altered fecal 

microbiota and lower microbiota diversity compared to healthy controls. Children with food 

sensitization showed significantly decreased numbers of Bacteroidetes and a significantly increased 

number of Firmicutes compared to healthy children (154). This evidence confirms our results for 

Group 2. 

At genus level, Haemophilus, Actinobacillus, Prevotella and Streptococcus resulted associated to 

allergy, with a significant increase (p<0.05) in Group 1 and less in Group 2 compared to Group 3 

subjects. Klebsiella showed a higher abundance in Group 1 but not in Group 2 compared to Group 3. 

Parabacteroides and Granulicatella were instead more abundant in Group 3. 

In a previous study, Prevotella copri has been indicated to possess a number of enzymes and gene 

clusters essential for fermentation and utilization of complex polysaccharides (155). 

Furthermore, Prevotella has been associated with proinflammatory function. Treatment mice 

with Prevotella copri exacerbate colitis induced by dextran sulfate sodium (156). 

Nakayama et al. found that in the allergic group, the genus Bacteroides at 1 month and genera 

Propionibacterium and Klebsiella at 2 months were more abundant, while the genera Acinetobacter 



and Clostridium at 1 month were less abundant than in the non-allergic group (157). Additionally, 

the relative abundance of total Proteobacteria, excluding genus Klebsiella, was significantly lower 

in the allergic than in the non-allergic group at the age of 1 month. Allergic infants with high 

colonization of Bacteroides and/or Klebsiella showed less colonization of Clostridium within the 

major phylotypes, suggesting antagonism between these bacterial groups in the gut.  

It is interesting that Wang L et al. linked asthma, another allergic condition, with decreased abundance 

of sputum Granulicatella (158) and that Chen CC et al. demonstrated the decrease of 

Parabacteroidetes in allergic children (84).  

At phylum level, there was an increase of Verrucomicrobia during probiotic intake with a peak of 

abundance at T3. At T5, after 60 days since probiotic interruption, there was a rapid decrease of 

Verrucomicrobia abundance. Proteobacteria showed a gradually increase during probiotic intake and 

this increment was maintained also at T5. 

On the contrary, Actinobacteria decreased during the time-course, even if there was an increase form 

point T1 to point T3. 

Tanabe H et al. showed that the diversity of Proteobacteria and the relative abundance of 

Actinobacteria in maternal feces were negatively associated with dermatitis of early infancy, which 

may be associated with the risk of allergy development in infancy (159).  

In our study at genus level, probiotic intake determined an increase of Akkermansia, Prevotella and 

Ruminococcus that was maintained also at T5. Actinomyces, Enterococcus, Streptococcus and 

Sutterella resulted instead diminished after probiotic intervention. 

The bacterium Akkermansia muciniphila may represent 3–5% of the microbial composition in the 

healthy human intestinal tract and have a crucial role in the regulation of the gut barrier and other 

homeostatic and metabolic functions (160-162).  



Studies have identified a loss in abundance of A. muciniphila in patients with obesity and type 2 

diabetes (T2D) (163, 164). However, the precise physiological mechanisms affected by this 

bacterium during metabolic disorders and intestinal permeability regulation remain unclear. 

Nevertheless, the role of Bifidobacterium, Akkermansia, and Faecalibacterium is reaffirmed again in 

a birth-cohort of Estonian and Finnish children followed from 3 to 36 months of age.  The authors 

demonstrated that the composition of neonatal intestinal microbiota modulates the maturation of Treg 

population during the first year of life, and the risk of allergic diseases later in life. An earlier study 

in a US cohort identified a specific neonatal gut microbiota composition, which is characterized by a 

lower relative abundance of Bifidobacterium, Akkermansia, and Faecalibacterium, and a higher 

relative abundance of particular fungi, as a risk of atopy and asthma in a follow-up up to 4 years of 

age (57).  

In our samples Blautia increased during all the period of probiotic intake, until T3 point, while at T5 

it started to decrease and showed a level of abundances lower of that observed at T0. 

Berni Canani et al. showed that bacterial families characteristic of the healthy infant gut (notably, 

Enterobactericeae and Bifidobacteriaceae) were significantly less abundant in the CMA gut and were 

replaced by an increase in Lachnospiraceae and Ruminococcaceae, representing an emergence of 

Firmicutes (particularly, Clostridiales). Blautia, Roseburia and Coprococcus were significantly 

enriched following treatment with hydrolyzed formula and Lactobacillus rhamnosus GG, but only 

one genus, Oscillospira, was significantly different between infants that became tolerant and those 

that remained allergic. However, most tolerant infants showed a significant increase in fecal butyrate 

levels, and those taxa that were significantly enriched in these samples, Blautia and Roseburia, 

exhibited specific strain-level demarcations between tolerant and allergic infants (96). 

A weakness of our study can be represented by the low sample size. 

Our choice to select a narrow age range (10-15 months) was dictated by the intent to reduce 

interindividual variability due to age and therefore make data more easily comparable.  



It is demonstrated that during vaginal delivery, infants receive their first bacterial inoculum from the 

maternal vaginal tract, skin tissue, and often fecal matter, exposing the immature immune system of 

newborns to a significant bacterial load (38). 

Our population doesn’t show significant differences for the delivery modality and breastfeeding 

lasting in the three groups.  

The aim of our study did not involve the possible beneficial aspects of Bifidobacteria administration 

on the allergy, but it was only to verify the efficacy in colonization and the persistence of the selected 

probiotic mixture. In these terms, we observed a clear probiotic effect only for B. longum subsp. 

infantis, that could survive during the transit in the gastrointestinal tract and to persist in the gut 

microbiota for all the time-course taken into exam. We don’t have data about long term persistence 

of probiotics in gut mucosa.  

Regardless of the strain, the most important characteristic for the probiotic to be effective is the 

capability to colonize the ecosystem in which it is introduced and that its survival in the microbiota 

is sufficiently durable to bring about the effects demonstrated in literature above all on animal models. 

Today a critical review of the very large literature related to probiotics is needed. 

In the market, there is an increasing tendency to work with products with a high number of different 

strains. To the producers, more strains imply more chances of success; it can mean a broader spectrum 

of efficacy, and there is often the hope that there are at least additive and, potentially, even synergistic 

effects. A recent review did not find convincing evidence that these assumptions are valid. There is, 

however, also no strong evidence that the assumptions are incorrect and/or that there is antagonistic 

activity between strains in a combination. To answer these questions, structured research must be 

conducted. It is also important in such research to take into consideration the doses, as a combination 

product will have a higher total dose (165). 

It is no longer sufficient to study the effects of these products afterwards by transposing them to the 

clinic. In our study we can’t verify if the demonstrated changes in microbiota of allergic infants 



provoke an improvement in the state of allergy. The guidelines suggest the verification of the state of 

allergy after at least 6 months from the last positive DBPFC. 

Furthermore, to confirm that our results are related to the administration of probiotics, it would be 

necessary the perform microbiota evaluation in Group 2 and Group 3 all over the same time period. 

It appears necessary to study the microbiological properties of each strain to realize plausible use 

hypotheses and subsequently verify their real colonization capacity. 

More information could come from using the shotgun method instead of the 16s RNA method. In 

that way we could also obtain a functional analysis of the microbiota, coming to understand the actual 

functional changes of the same during the administration of probiotics. 

In conclusions, early infancy is a window during which gut microbiota may shape 

food allergy outcomes in childhood and probiotics could be a rational way to modulate it.  

Nevertheless, an “a priori” study through shotgun method of the microbiota of food allergy patients, 

associated with metabolomics studies could allow us to understand the real defects of intestinal 

microbiota in allergic children compared to healthy subjects. 

Only then, by exploiting modern culturomics techniques, will it be possible to select specific strains 

for pathology and individual. 

Therefore, through a translational approach, the goal of precision medicine in the intestinal 

microbiota will be achieved. 
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