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Bifidobacterium breve M-16V is a commonly used probiotic strain in infants. M-16V has been demonstrated to offer

potential in protecting infants from developing devastating necrotising enterocolitis (NEC) and allergic diseases.
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1. Introduction

Gut microbiota has become an important aspect of human health. Gut microbes regulate host intestinal,

immunological, and metabolic activities through their wide array of modulatory capabilities and enzymatic

armoury . Recent advances in microbial research have revealed the importance of the early gut microbiome for

neonatal health development and disease pathologies . Aberrations of infant gut microbiota—a state of altered

microbial composition and functionality—are associated with adverse health-related consequences including

asthma , necrotising enterocolitis (NEC) , eczema , and inflammatory bowel disease  in the neonatal stage or

later in life.

Microbial ecosystem is established during the first three years of life for which a host-microbe symbiotic interaction

that mutually benefits both is initiated . It has been implicated that a number of extrinsic factors, such as

gestational age, delivery mode, and feeding types, are affecting the process of microbial colonisation in

newborns . Initial neonatal gut microbial colonisation represents a crucial window of opportunity for shaping a

healthy gastrointestinal tract and immune system , and positive modulation of gut microbiota during this critical

period could be an effective preventative approach against immune-mediated and microbiome-related disease

pathologies. Consequently, probiotics intervention is receiving significant attention as a non-invasive attempt to

optimize the infant microbiota as a means to improve health or prevent disease.

Probiotics are defined as “live microorganisms, which when administered in adequate amounts, confer a health

benefit on the host” . Studies over the last decade have demonstrated that probiotics supplementation could

promote gut microbial colonisation and prevent or treat diseases in infants . These reports have led to a massive

application of probiotics in a range of products including foods, infant formula, dietary supplements, and

pharmaceutical products for promoting infant health. Nevertheless, many of the marketed probiotic products

encompass limited well-consolidated regulatory oversight and a lack of human substantiation of efficacy .

Moreover, the safety and effects of probiotics in the vulnerable preterm population remain relatively limited and

inconsistent . Therefore, a detailed review of the scientific basis of a specific probiotic strain has emerged as an

important aspect for an optimised selection of suitable probiotic candidates for use in infants.
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2. Probiotics for Infant Health

Probiotics intervention has gained overwhelming popularity over the last two decades as a potential nutritional

supplementation approach to promote and maintain a healthy gut milieu and protect against dysbiosis in early

life . Accumulating evidence suggests that manipulation of the microbiota with the use of probiotics at an early

stage may lead to appropriate microbial colonisation and could have long-lasting impacts on child and adult

health . Probiotics that have been commonly given to neonates and infants include species of Bifidobacterium

and Lactobacillus. Among them, Bifidobacterium is thought to be a keystone taxon in infant gut microbiota that

plays a vital role in regulating immunological and physiological functions .

Bifidobacterial species have been isolated from the gastrointestinal tract of humans and animals as well as a few

that have been isolated from the human vagina, oral cavity, breast milk, sewage, and foods, and could be

categorised into two major groups; bifidobacterial species of human origins as human-residential bifidobacteria

(HRB), whereas other species which are the natural inhabitants of animals or environment as non-HRB . It has

been demonstrated that bifidobacterial species of different residential origins display different levels of adaptability

and functionality in the infant gut . Of note, B. longum subsp. infantis (B. infantis), B. longum subsp. longum (B.

longum), B. bifidum, and B. breve, which are frequently isolated from infants' intestines and are referred to as

infant-type HRB , have a large repertoire of genes for the utilisation of human milk oligosaccharides (HMOs)

. Studies have reported that infant-type HRB species are capable of utilising HMOs with different metabolic

pathways and degrees of degradation, highly compatible with human breast milk, and tolerant to lysozyme ,

demonstrating how well adapted they are to the transmission routes and growth conditions in the infant's gut.

Infant-type HRB species are the exclusive members of healthy breastfed infants , while formula-fed infants are

also colonised with species that are commonly isolated from adult intestines (adult-type HRB) such as B.

adolescentis and B. pseudocatenulatum , implying the specific strains of infant-type HRB could be better

probiotic candidates for infant use.

Several studies have demonstrated the use of infant-type HRB, including the strains of B. breve , B. longum ,

B. infantis , and B. bifidum  as probiotics for therapeutic purposes in neonates and infants. Administration of

infant-type HRB probiotic strains in the first stage of life may result in the prevention of NEC and reduction in the

risk as well as treatment of infectious and atopic disease . Despite the promise, questions and concerns have

been raised about the safety and clinical efficacy of probiotics administration, especially if the product is destined

for use in infants. It is increasingly apparent that not all probiotics are equally safe, and the effects demonstrated

with one strain cannot be extrapolated to another strain, even if they belong to the same species . Of note,

among many infant-type HRB probiotic strains that have been studied, M-16V possesses a proven track record of

safety and a number of beneficial attributes that make it an attractive probiotic candidate for infant use. The

following paragraphs will review the safety and specific health benefits of M-16V in infants within the field that seek

to provide rigorous preclinical characterisation and substantial clinical evidence of M-16V for successful probiotics

selection.

3. Bifidobacterium breve M-16V as Infant Probiotic
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3.1. Origin and Characteristics

M-16V was originated from the gut of an infant in 1963 and was first commercially available in Japan in 1976 with

the launch of Vinelac dietary supplement. In 1982, M-16V was added to a growing-up powdered formula called

Yochien-Jidai in Japan and has since been incorporated in several other products including term and preterm infant

formula.

M-16V is a non-motile, non-spore-forming, rod-shaped anaerobic Gram-positive bacterium. It was identified as B.

breve based on morphological, physiological, and genetic characteristics. M-16V is highly accessible to the human

gastrointestinal tract with strong adherence activity . In addition, lyophilised powder of M-16V manufactured by

Morinaga Milk Industry Co., Ltd. possesses excellent stability during storage and high survivability in finished

products such as powdered formula until consumption .

3.2. Safety

M-16V is well-evaluated for safety and has met the safety standards regulated by the Food and Agriculture

Organization of the United Nations/World Health Organization (FAO/WHO) guidelines for the evaluation of

microbes for probiotics use in foods . In 2013, M-16V attained not only FDA-Notified Generally Recognized as

Safe (GRAS) status for food uses (GRN No., 453), but also GRAS status for infants (GRN No., 454). In addition, in

2016, M-16V has been included in the list of authorised probiotic strains for infant food in China, in which M-16V is

the only infant-type HRB strain among the nine strains in the list . To date, there has been broad use of M-16V in

low birth weight infants to reduce the risk of preterm birth complications in more than 120 neonatal intensive care

units (NICUs) in affiliated hospitals in Japan, Australia, New Zealand, and Singapore .

Comprehensive safety evaluation of M-16V, which includes functional, genomic, and in vivo analyses,

demonstrated that M-16V is a non-pathogenic, non-toxigenic, non-haemolytic, and non-antibiotic resistant probiotic

bacterium that does not contain any plasmids and does not display harmful metabolic activities . M-16V

produces L-lactic acid but no D-lactic acid. In addition, M-16V was reported to possess conjugated bile salt

hydrolytic activity . M-16V was able to hydrolyse conjugated bile acids taurocholic and glycocholic acid to the

primary bile acid (cholic acid) and glycochenodeoxycholic and taurochenodeoxycholic acid to chenodeoxycholic

acid, while the production of hepatotoxic and carcinogenic secondary bile acids (deoxycholic and lithocholic acid)

was not detected upon complete biotransformation of bile salts . These results resolve the concern about the

safety of administering a secondary bile acids-producing bacterium.

Studies on acute and chronic toxicological features of M-16V revealed that both single and repeated oral

administration of M-16V did not cause death and any toxic symptoms in a rat model . For instance, groups of 10

male and 10 female three-week-old Crj:CD (SD) rats were orally administered with a single dose of M-16V at 6000

mg/kg (1.4 × 10  CFU/kg) or 3000 mg/kg (6.9 × 10  CFU/kg) and examined for acute toxic symptoms for 14

days. There were no gross abnormalities or histopathological findings attributable to the treatment in all organs

throughout the test period, although slightly lower body weight was observed in male rats administered a high dose

of M-16V as compared to the control on days 8 and 10. Furthermore, oral administration of M-16V with a 90-day
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repeated dose (2.3 × 10  CFU/kg/day) to five-week-old Crj:CD (SD) IGS rats revealed no adverse effects

attributed to M-16V during the study period. M-16V induced no significant histopathological changes in all organs

examined. These findings demonstrate the absence of acute and chronic toxicity by consumption of M-16V.

Additional in vitro tests showed that M-16V did not possess mucin degradation ability . Taken together, these

studies support that M-16V is safe for use as a probiotic in humans.

4. Effects of M-16V on Premature Birth Complications

Prematurity, prolonged hospitalisation, immunodeficiency, antibiotics use, and delayed enteral feeding are

challenging ways to begin life for preterm infants . Premature infants are at elevated risk to develop multiple

health comorbidities; one of which is the devastating necrotising enterocolitis (NEC) . It is a major cause of

morbidity and mortality in extremely preterm infants that is associated with severe sepsis and intestinal

perforation . Although the exact aetiology and pathogenesis of NEC remain elusive, perturbation of the gut

microbiota, leading to a hyperinflammatory response, appears to be a key factor that predisposes neonates to

NEC . Premature infants often present with an immature gut and exhibit delayed gut colonisation with beneficial

commensal bacteria such as Bifidobacterium and Bacteroides, where instead they are more susceptible to

colonisation by Enterobacteriaceae and Enterococcus  Moreover, the use of antibiotics in premature and low

birth weight infants disturbs the colonisation patterns of Bifidobacterium and shifts the gut microbial composition

toward a high abundance of Proteobacteria, with a decrease in the overall diversity of the infant’s gut microbiota

. To this end, the neonatal period has; therefore, emerged as an opportune time for preventive M-16V

probiotics intervention to promote bifidobacterial colonisation, facilitate the development of the gut mucosal

immune system and improve infant health. It is evident that M-16V may potentially reduce the risk of developing

NEC in premature infants by promoting bifidobacterial colonisation, modulating the expressions of toll-like

receptors (TLRs) and inflammatory responses, and aiding in the development of mucosal immunity.
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5. Effects of M-16V on Allergic Disorders

The prevalence of allergic diseases in infants has increased strikingly worldwide in the past few decades . While

the pathogenesis of allergic diseases is likely to be multifactorial, deviations in gut colonisation during early life are

possible major factors promoting abnormal postnatal immune maturation . The hygiene hypothesis suggests that

insufficient or aberrant microbial stimulation during the critical neonatal period may lead to an exaggerated

adaptive immune response and reduced tolerance . Although compelling evidence for microbiota associations

with allergic disease and related conditions is emerging, a causal relationship between specific bacterial taxa and

the development of allergy remains unclear. Several studies have reported differences in gut microbiota

composition and lower abundance of bifidobacteria and lactobacilli in the infant’s gut precede the onset of allergic

manifestations . In addition, multiple cohort studies suggested that high abundance of Escherichia coli or

Clostridium difficile was associated with the development of eczema or atopy , while a low gut microbial

diversity and an elevated Enterobacteriaceae to Bacteroidaceae (E/B ratio) in early infancy may contribute to the

development of food allergy . In this instance, a notable higher abundance of Firmicutes particularly Clostridium

spp., Blautia spp., and a lower abundance of Actinobacteria in the early gut microbiota has also been described to

contribute to the development of allergic diseases such as food allergy in infants , and type 1 diabetes in

children . On this basis, modulation of gut microbiota during early life through M-16V intervention has emerged

as a potential measure to prevent allergic disorders in infants. Several interventional studies suggest that M-16V

could promote bifidobacterial colonisation and prevent or reduce the severity of allergic diseases, including atopic

dermatitis (eczema), food allergy, allergic rhinitis, and asthma .
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