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Human Milk Oligosaccharides 

 HMOs are not digestible by host glycosidases and yet are produced in large 
amounts with highly variable structures by the mother. They participate in the 
inhibition of bacteria, viruses or even parasites  
 

 HMOs appear to have three important functions:  
     Prebiotic : stimulation of commensal bacteria containing the  
    bacterial  glycosidases to deconstruct and consume the HMOs  
     Decoy : structural similarity to the glycans on enterocytes allows 
     HMOs to competitively bind to pathogens 
     Provision of fucose and sialic acid : important in host defense  
     and neurodevelopment respectively 
 
 Glycosaminoglycans (GAG) appear to act as decoys providing binding sites for 

pathogenic bacteria to prevent adherence to the enterocyte. Premature milk is 
rich in GAG 

 
 Certain human oligosaccharides interfere in vitro with cell-cell interactions 

mediated by selectins 
Bode L. Recent advances on structure, metabolism, and function of human milk oligosaccharides. J Nutr. (2006) 136:2127–30.  minesh khashu 
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Breast Milk Lipids Enhance Neonatal Intestinal Development and 
Protect against Injury 
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Factors in Human Milk Reported to Enhance Protection to NEC  

Breast Milk Components 

Oral IgA-IgG 

PAF acetylhydrolase 

Long-chain polyunsaturated fatty acids 

Erythropoeitin 

Arginine and glutamine supplementation 

Epidermal growth factor 

Probiotics 

Lactoferrin 

Oligosaccharides 
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A Systematic Review and Meta-Analysis of Human Milk Feeding and Morbidity 
in Very Low Birth Weight Infants; Jacqueline Miller et al 
Nutrients 2018, 10, 707; doi:10.3390/nu10060707 

 HM provided a clear protective effect against NEC, 
with an approximate 4% reduction in incidence 

 

 HM also provided a possible reduction in LOS, 
severe ROP and severe NEC 

 

 Particularly for NEC, any volume of HM is better 
than EPTF, and the higher the dose the greater the 
protection 
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Figure 3. Forest plot of relative risk for the association between human milk use and necrotising enterocolitis. (doi: 10.3390/nu10060707) 

  
Miller et al showed in a meta-analysis that MOM provided a clear protective effect against NEC, with an approximate 4% reduction in incidence  minesh khashu 



NEC Incidence Is Significantly Lower in Human Milk-Fed 
Infants Compared to Formula-Fed Infants 

 Several studies have shown that NEC 
incidence is 6- to 10-fold lower in human milk-
fed infants compared to formula-fed infants 
 

 Is it because:  
a. Components in infant formula trigger NEC 
b. Components in human milk protect from NEC, or 
c. Is it a combination of both is responsible for the 

gap in NEC incidence between human milk-fed 
and formula-fed infants.  

 

 A significant number of infants still develop 
NEC although they exclusively receive human 
milk and are not exposed to infant formula.  
 These observations speak against the notion that 

components in infant formula trigger NEC and 
support the idea that bioactive components in human 
milk protect from NEC.  

 Interpersonal variation in human milk composition 
may explain why some infants still develop NEC 
despite receiving human milk. 

 
Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. Lancet (1990) 336:1519–23.  
 
Meinzen-Derr J, Poindexter B, Wrage L, Morrow AL, Stoll B, Donovan EF. Role of human milk in extremely low birth weight infants' risk of necrotizing enterocolitis or death.  
J Perinatol. (2009) 29:57–62. doi: 10.1038/jp.2008.117 minesh khashu 



 

   The Impact of Human Milk on Necrotizing Enterocolitis: A  

   systematic Review and Meta-Analysis  

   Emma Altobelli, Paolo Matteo Angeletti ,  Alberto Verrotti and Reimondo Petrocelli Department of Life, Health and Environmental Sciences, University of  

      L’Aquila, 67100 L’Aquila,  Italy; Published: 6 May 2020  

 

 Results. Thirty-two papers were included in meta-analysis: 6 randomized 
controlled trials (RCTs) and 26 observational studies (OS) 

 

 RCTs meta-analysis indicates a risk reduction of NEC using human milk 
respect to formula: Relative risk (RR) = 0.62 (0.42–0.93) 

 

 Seven OS compared quantities high consumption of human milk against low 
consumption showing a risk reduction of NEC:RR = 0.51 (0.31–0.85)  

 

 3 OS that evaluated human milk versus mixed feeding showing that human 
milk has a protective role on the development of NEC:RR = 0.74 (0.63–0.91) 
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MBM & BPD 

 

 Systematic review investigating the effects of MOM 
on BPD confirms the beneficial effects of mother's 
milk, at least when used as an exclusive diet  

  
Villamor-Martínez E, Pierro M, Cavallaro G, Mosca F and Villamor E  

Mother's Own Milk and Bronchopulmonary Dysplasia: A Systematic Review 

and Meta-Analysis. Front. Pediatr. (2019) 7:224.  
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Huang, J., Zhang, L., Tang, J., Shi, J., Qu, Y., Xiong, T., & Mu, D. (2018). Human milk as a protective factor for bronchopulmonary dysplasia: a 
systematic review and meta-analysis. Archives of Disease in Childhood - Fetal and Neonatal Edition, fetalneonatal–2017–314205. 
doi:10.1136/archdischild-2017-314205  
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MBM & ROP 
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Why MBM should be the primary enteral diet of premature infants? 

The current recommendation is based on an array of 
benefits that human milk provides to this highly vulnerable 
population:  

 
 Decreased rates of NEC , ROP and late-onset sepsis  
 Fewer re-hospitalizations in the first year of life 
 Improved neurodevelopmental outcomes 

 
 Premature infants that receive human milk have lower 

rates of metabolic syndrome, lower blood pressure and 
low-density lipoprotein levels, and less insulin and leptin 
resistance when they reach adolescence, compared to 
premature infants receiving formula 
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 A highly protective effect on infant mortality, with a 12% decrease in mortality risk compared 
to non-breastfed  

 

 A decrease in respiratory and gastrointestinal infections during the first weeks of life of the 
newborn, probably related to the composition of colostrum and breast milk that confers 
immune protection to the child. 

 

 In premature infants several studies show a positive relationship between the quantity of 
breast milk received during hospitalization and neuro development  

 

 Breastfeeding duration “dose” effect 

 

  Neurodevelopment advantages have been related not only to breastfeeding duration  but also 
to the amount received, reflecting a dose response relationship 

 

 

 

 
 Human Milk: An Ideal Food for Nutrition of Preterm Newborn.  
Boquien C-Y; Front. Pediatr. (2018) 6:295 
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Mother’s milk contains complex microbial communities thought to be 
important for colonizing a preterm infant’s gastrointestinal tract 

Mothers of Preterm Infants Have Individualized 
Breast Milk Microbiota that Changes Temporally 

Based on Maternal Characteristics, 
Cell Host & Microbe 

 
 

Cell Host Microbe  
 

2020 Nov 11;28(5):669-682.e4.  
 
 
 
 
 
 
 
 
 
 

Michelle R. Asbury, James Butcher, Julia K. Copeland, Sharon 
Unger, Nicole Bando, Elena M. Comelli, Victoria Forte, Alex 

Kiss, Lauren LeMay-Nedjelski, Philip M. Sherman, Alain 
Stintzi, Christopher Tomlinson, Pauline W. Wang, Deborah L. 

O’Connor, 
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Oropharyngeal mother’s milk 

 

 Administration of oropharyngeal mother’s milk contributes to 
decreasing the pro-inflammatory state of the preterm neonate, 
indicating a beneficial influence on the inflammatory response 

  

 These findings have implications for the development of the 
preterm neonate, wherein inflammation plays a 
pathophysiological role, associated with adverse neonatal 
outcomes independently of the duration of gestation 

 

 Moreover, preterm infants receiving mother’s milk via 
oropharynx achieved complete enteral nutrition sooner than 
babies who did not 

 

     More robust evidence to support this intervention is required 
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More evidence required… 

  Feeding tolerance 

  Time to full enteral feeding 

  Allergic/atopic outcomes 

 Decrease in parental anxiety 

 Improved parent-infant bonding 
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 Premature babies are at high risk of insulin 
resistance and metabolic disorders in adulthood  

 

 A very high growth rate during this period can have 
deleterious effects, in terms of increased 
susceptibility to metabolic diseases (obesity, type 2 
diabetes, cardiovascular diseases) in adulthood  

 

MBM & long term health 

minesh khashu 



Alsaweed M, Hartmann PE, Geddes DT, Kakulas F.  
MicroRNAs in breastmilk and the lactating breast: potential immunoprotectors and 

developmental regulators for the infant and the mother.  
Int J Environ Res Public Health (2015) 12:13981–4020.  

 Breast milk rich in miRNA 

 

 MiRNAs are non-coding RNAs that regulate gene expression and 
control protein synthesis at the post-transcriptional level 

 

 They play roles in the regulation of many biological and developmental 
processes and would be important in the development of the child's 
immune system 

 

 Once the milk is ingested by the child, these maternal miRNAs resist 
digestion 

 

 

MBM & miRNA  
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Personalised & more preterm specific 

 Anti-infective components personalised 
 

 Protein content in preterm mother's milk is higher than in term mother's 
milk during the first days of lactation  
 

 Concentration of certain free amino acids, including valine, threonine and 
arginine is higher in preterm mother's milk  
 

 Preterm breast milk appears also rich in sIgA and deficient in leptin 
 

 

 

Boquien C-Y  

Human Milk: An Ideal Food for Nutrition of Preterm Newborn.  

Front. Pediatr. (2018) 6:295.  
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Changes in milk composition over time in term (37–41 weeks), preterm (30–36 weeks) and 
very preterm (<28–30 weeks) infants.  

Data combined from multiple sources.15, 82, 115–122  
 

Mark A. Underwood, 
Human Milk for the 
Premature Infant, 
Pediatric  Clinics of North 
America, 
Volume 60, Issue 1, 2013, 
Pages 189-207, 
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Many areas not covered 

 Collection, storage, safe handling 

 Nutritional quality & Fortification 

 

 Controversies/Debates 

 

Moro GE and Arslanoglu S (2020) Editorial: Human 
Milk in the Feeding of Preterm Infants: 
Established and Debated Aspects. Front. 
Pediatr. 8:378.  
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Looking ahead 

 
 Establishing animal models that better reflect the preterm neonate 

as well as refinement of humanoid model systems, will be essential 
in bridging the gap from bench to bedside 
 

 An improvement in the experimental model systems will iteratively 
close the gap in translation 
 

 New bioinformatic tools to correlate the extensive array of 
metabolites and microbiota in preterms offer great promise in 
understanding the factors that influence health of the premature 
infant 

 
 How these metabolites differ functionally in the extremely 

premature infant needs better study 
 minesh khashu 



 
 
 
 
 
 
 
 

The blood metabolome or lipidome is different between a 
breastmilk fed infant and a non-breastmilk fed infant 

 

 If breast milk has certain plasticity in its 
composition, depending on the physiology of the 
mother and baby, how does this affect the physiology 
of the child, its growth trajectory, and long term 
development ? 

 

 We need to understand this much better 
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Looking Ahead 

 The science of breast milk will likely open new avenues of 
therapeutic options to minimize the adverse health 
consequences of prematurity 

 

 

 

 Methodologically better and larger trials as well as newer 
research methods e.g. big data may help answer many of 
the unanswered questions 
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Looking Ahead 

 Further exploration of roles of various bioactive components and cells in 
human milk especially stem cells on infant health 

 

 Additional studies are needed to further characterize the effects of HM-derived 
GAGs on the intestinal epithelium, their interactions with specific bacteria, and 
their influence on the neonatal intestinal microbiome, particularly in the 
context of prematurity 

 

 The role of miRNAs in MBM in disease and health needs further elucidation 

 

 The role of human milk-derived vesicles, including the human milk fat globule 
and exosomes, may reveal an opportunity to present multiple critical molecules 
simultaneously and ensuring delivery and bioavailability to the intended site 

 

 What is the effect of maternal microbiome and diet and dietary supplements on 
MBM? 

minesh khashu 



minesh khashu 



Summary 

 “Maternal Breast Milk for preterm babies is an 
exceptional example of both personalised and 
precision medicine” 

 
 Early Colostrum within 6 hours of birth and MBM to be the first enteral feed 

given to baby (microbiome) 

 

 Decrease in mortality & morbidity (strengthening of evidence) 

 

 Improvement in long term outcomes including metabolic syndrome risk 
based on DOHaD (Developmental Origin of Health and adult Diseases)  

     needs further study 

 

 Maternal, Family and Societal benefits need better quantification and 
appreciation 
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Premature labour and delivery are highly stressful to parents  

 Education regarding the importance and value of breastfeeding should begin during 
pregnancy and be reemphasized when premature delivery seems likely 
 

  Pumping with an electric pump should be initiated within 6 hours of delivery and 
continued 8–12 times per 24 hours until the milk supply is well established 
 

  Reassurance and encouragement are valuable as new mothers are often worried 
and discouraged by the initial small volumes obtained  
 

 Early assistance by a nurse or lactation consultant is helpful in establishing an 
effective pumping regimen 
 

 Regular questioning by the neonatal nurse or physician regarding milk supply is 
valuable to encourage early intervention when milk production decreases 
 

 Milk production decreases with maternal depression and increases with increased 
frequency of pumping and time spent skin-to-skin with the premature infant  
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Agostoni C, Buonocore G, Carnielli VP, De Curtis M, Darmaun D, Decsi T, et al. .  

Enteral nutrient supply for preterm infants: commentary from the European Society of Paediatric Gastroenterology, 

Hepatology and Nutrition Committee on Nutrition.  

J Pediatr Gastroenterol Nutr. (2010) 50:85–91.  

 Nutrition of premature infants by breast milk, and a 
protein enrichment of this milk, as soon as possible, 
at least until discharge from hospital, in order to 
increase weight gain and protein accretion 

European Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (EPSGHAN) 
recommendation 

minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



minesh khashu 



We are just beginning to understand the functions & positive 
impact of various components of MBM 

 Lysozyme with a 1000 times higher concentration in human milk than in 
cow’s milk 
 

 Osteopontin which is 10 times more concentrated in human milk than in 
cow’s milk and which plays a role in the immunity of the child 
 

 Bile salt stimulated lipase, present in human milk, which would improve 
the digestibility of long-chain fatty acids 
 

 α-lactalbumin, which improves the absorption of iron 
 

  Lactoferrin, about 20 times more concentrated in human milk compared 
to cow’s   milk, has antimicrobial activity, acts on the absorption of iron and 
is bifidogenic  
 

Oral lactoferrin supplementation decreases late-onset sepsis, NEC, and “all-
cause mortality” in preterm infants without adverse effects but authors 
conclude that the evidence is moderate-to low-quality 
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MBM & Infections 

 Breast milk contains many factors that help to protect an infant against infection. 
 

  The protection provided by these factors is uniquely valuable for an infant 
 

 Immunoglobulin, principally sIgA coats the intestinal mucosa and prevents bacteria from 
entering the cells 
 

 White blood cells which can kill micro-organisms 
 

 Whey proteins (lysozyme and lactoferrin) which can kill bacteria, viruses and fungi 
 

 Oligosacccharides which prevent bacteria from attaching to mucosal surfaces 
 

 sIgA contains antibodies formed in the mother’s body against the bacteria in her gut, and 
against infections that she has encountered, so they protect against bacteria that are 
particularly likely to be in the baby’s environment 
 

 Epidermal growth factor (10) stimulates maturation of the lining of the infant’s intestine, 
so that it is better able to digest and absorb nutrients, and is less easily infected or 
sensitised to foreign proteins 
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Human Milk is Protective 

 Factors present in human milk play a protective role 
by reducing inflammation and the subsequent invasion 
of pathogenic bacterial species in the gastrointestinal 
tract 

 The local host defenses are enhanced by the addition of secretory 
IgA, lactoferrin, lysozyme, and cytokines (IL10, IL-11) from 
human milk  

 Platelet activating factor (PAF) acetylhydrolase, which blunts the 
immune activation sequence promoted by PAF.  

 Components in human milk, such as epidermal growth factor, 
nucleotides, and glutamine also stimulate intestinal maturity. 

  Human milk antioxidants, such as vitamin E, carotene, and 
glutathione, also reduce oxidative stress 
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Fat & MBM 

 High proportion of long-chain polyunsaturated fatty acids (APGI-LC), ω6 

(such as arachidonic acid) and ω3 (such as eicosapentaenoic and 

docosahexaenoic acids [DHA]), which are derived from essential fatty acids: 

linoleic and α-linolenic acid 

 

 These fatty acids are important for the brain development of the infant 

 

 Compared to cow's milk, breast milk also contains more cholesterol, which is a 

precursor of hormones and is also involved in brain development 

 

 Milk also contains enzymes including Bile Salt Stimulated Lipase (BSSL), which 
allows for better lipid digestibility, and better utilization of triglycerides (95% of 
total lipids), and presumably LC-PUFA, cholesterol, and fat-soluble vitamins 
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Available data suggest that early enteral nutrition in ELBW infants may reduces 
incidence of SIP without increased mortality. 

• In the absence of early enteral nutrition  there is likely reduced protein synthesis, 
decreased mucin production, impaired enterocyte phospholipids, inadequate 
mucosal growth and a predisposition to intestinal injury and subsequent SIP 
development 

 
• Decreased inflammatory response, stimulates neutrophil recruitment, selectively 

targets T cells and granulocytes  
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