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Figure 1. Summary of microbiologic, immunological and metabolic factors in breast milk with effects
on regulating intestinal inflammation. Abbreviations: secretory component (SC); Toll-like receptor 4
(TLR4); nuclear factor kappa B (NF-kB); polyunsaturated fatty acid (PUFA).
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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

Certe_lin human oligosaccharides interfere in vitro with cell-cell interactions
mediated by selectins

Bade 1. Recent edvances on structure, metabolism, and function of human milk oligosaccharides. J Nutr. (2006) 136:2127—-30.



Nutrients 2020, 12, 546

Intestinal Lumen
Commensal
Bacteria
| %
GAGS as soluble ¥ \ % ? _;00 .
receptors # S 8
| NT
? adhesion | \'\ D)
| A AN
HA Receptors | Tight Jusction <
|

eutrophﬂ

2 :
! =D
5 b o
® Macrophage Lamina propria

Figure 2. Schematic of potential glycosaminoglycan mechanisms of protection in necrotizing
enterocolitis (NEC). CS: chondroitin sulfate; HA: hyaluronic acid; GAGS: glycosaminoglycans.
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3.2. Cytokines

Preterm infants, when compared with their term counterparts, exhibit immune immaturity, which
includes lower production of cytokines and other immunological proteins during challenge with an
inflammatory insult [59]. The presence of cytokines in breast milk provides passive protection and
immune modulation in the infant recipient and results in absorption into the systemic circulation.
In particular, these cytokines include IL-1, [L-2, 1 -6, IL-8, [L-10, interferon (IFN)-y, and TNF-a (Table 1).
Breast milk produced by mothers of full-term infants contains high levels of IL-2, IL-8, and IL-10,

with levels decreasing drastically by day 21 of lactation.

In contrast, mothers of preterm infants

have significantly lower levels of cytokines in the colostrum when compared to mothers of full-term

infants [63].

Table 1. Cytokines present in human breast milk and physiologic relevance to the infant.

Cytokine

Composition in Human Milk and Significance

References

Interieukin (IL)-1

Human milk IL-1 5 attenuates the activaton of pro-inflammatory
IL-8 and suppresses pro-inflammatory responses of nuclear factor
kappa beta (NF-kB) signaling.

[53.64)

Highest in concentration i colostrum and reduced in later stages
of lactation.

Recruits T cells to stimulate an antigen-specific immune response.

[g\-y‘{.='lf-(.]

IL-6

Detected in higher levels in term breast malk

Pro-inflammatory properties and is present in the acute phase

of infection.

Colostrum may contain anti-IL-6 antibodies that cause decreased
immunoglobulin A (IgA) production by breast milk leukocytes.

[63.67.68]

Decreased levels of detection in later stages of Iactation.
Provides chemotactic response of neutrophils.

Recombinant [L-8 may improve the viability of intestinal cells
when exposed to injury.

[63.69.70]

[IL-10

Maintains anti-inflammatory mechanisms mvolving limiting the
Ty 1 response, mhibiting production of inflammatory cytokines,
and promoting immunoglobulin synithesis.

[71-75)

IFN-y

Detected in decreasing levels with later stages of lactation.
Increases activation of intestinal macrophages and is present in
higher concentrations in the ileum of infants with necrotizing
enterocolitis (INEC).

Pro-inflammatory mechansm of action may provide an infant
with defense against inflammation and infectson.

176-79)

INF-ox

Detected in decreased levels in colostrum of preterm milk
Present in breast milk in assocation with its soluble receptor,
reducing its pro-inflammatory activity:

[63.30,81)




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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Protective mechanism of Dissemination of
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Figure 1. Maternal protection from enteric pathogens. (A) Components in breastmilk can limit enteric
pathogen dissemination. (1) Maternal antibodies (IgG, IgA) can bind bacteria and directly inhibit
pathogen adherence and invasion [62]. (2) Growth factors [epidermal growth factor (EGF), amphiregulin
(AREQG), heparin-binding epidermal growth factor-like factor (HB-EGF), and tumor-growth factor-alpha
(TGF-«)] bind the epidermal growth factor receptor (EGFR) on epithelial cells to promote barrier
function by cell proliferation and growth [63], and by limiting translocation via goblet cells [64].
(3) Lactoferrin sequesters iron which limits pathogen growth [65]. {(4) Human milk oligosaccharides
(HMOs) promote the development of the intestinal microbiota [66], which can offer colonization
resistance to enteric pathogens [30]. (B) In the absence of these factors, pathogens can colonize the
intestine lumen, cross the epithelium potentially through goblet cells [64], and disseminate to organs
through the system, including the mesenteric lymph node (MLN) and spleen, resulting in late-onset
sepsis (LOS).



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

O

1 BOV (re768] [ HUM (1=819)

» Several studies have shown that NEC |
incidence is 6- to 10-fold lower in human milk- 1 0l p<0.045
fed infants compared to formula-fed infants {7

2

» Isit because: e
a. Components in infant formula trigger NEC 1
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.

p<0.01

104

INncidence (26)

» A ssignificant number of infants still develop
NEC although they exclusively receive human
milk and are not exposed to infant formula.

o These observations speak against the notion that 91
components in infant formula trigger NEC and
su}l)llgort the idea that bioactive components in human
milk protect from NEC.

o Interpersonal variation in human milk composition
may explain why some infants still develop NEC
despite receiving human milk. 0

p<0.01
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Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. Lancet (1990) 336:1519—23. NEC NEC NEC




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)



MBM & BPD

O

» 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-Martinez 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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MBM & ROP

&

Forest plots of the summary OR value with corresponding 95% Cls for the correlation betwesn
human milk feedingand severe ROP.
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Forest plots of the summary OR value with corresponding 95% Cls for the correlation betwesn
human milk feedingand any-stage 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



Human Milk: An Ideal Food for Nutrition of Preterm Newborn.
Boquien C-Y; Front. Pediatr. (2018) 6:295

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



Schanler RJ, Shulman RJ, Lau C. Feeding strategies for premature infants: beneficial outcomes of feeding fortified
human milk versus preterm formula. Pediatrics. 1999 Jun; 103(6 Pt 1):1150— 1157.

Sisk PM, Lovelady CA, Dillard RG, Gruber KJ, O'Shea TM. Early human milk feeding is associated with a lower risk of necrotizing
enterocolitis in very low birth weight infants. J Perinatol. 2007 Jul; 27(7):428—-433.

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 Jan; 29(1):57-62.

Okamoto T, Shirai M, Kokubo M, et al. Human milk reduces the risk of retinal detachment in extremely low-birthweight
infants. Pediatr Int. 2007 Dec; 49(6):894—-897.

Maayan-Metzger A, Avivi S, Schushan-Eisen I, Kuint J. Human milk versus formula feeding among preterm infants: short-
term outcomes. Am J Perinatol. 2012 Feb; 29(2):121—126.

Vohr BR, Poindexter BB, Dusick AM, et al. Beneficial effects of breast milk in the neonatal intensive care unit on the
developmental outcome of extremely low birth weight infants at 18 months of age. Pediatrics. 2006 Jul; 118(1):e115—e123.

Isaacs EB, Fischl BR, Quinn BT, Chong WK, Gadian DG, Lucas A. Impact of breast milk on intelligence quotient, brain size,
and white matter development. Pediatr Res. 2010 Apr; 67(4):357— 362.

Vohr BR, Poindexter BB, Dusick AM, et al. Persistent beneficial effects of breast milk ingested in the neonatal intensive
care unit on outcomes of extremely low birth weight infants at 30 months of age. Pediatrics. 2007 Oct; 120(4):€953—€959.

Singhal A, Cole TJ, Lucas A. Early nutrition in preterm infants and later blood pressure: two cohorts after randomised
trials. Lancet. 2001 Feb 10; 357(9254):413—419.

Singhal A, Cole TJ, Fewtrell M, Lucas A. Breastmilk feeding and lipoprotein profile in adolescents born preterm: follow-
up of a prospective randomised study. Lancet. 2004 May 15; 363(9421): 1571—1578.

Singhal A, Farooqi IS, O'Rahilly S, Cole TJ, Fewtrell M, Lucas A. Early nutrition and leptin concentrations in later life. Am J
Clin Nutr. 2002 Jun; 75(6):993—999.



Mothers have T@® 86 mothers of
unique microbiota preterm infants
in their expressed (Nd®)| 490 breast milk

breast milk II. samples from

° ® weeks 1-8

Microbiota in preterm breast
milk changes over time

1N
\

BMI Delivery mode Antibiotics

Maternal factors are related to microbial

changes in preterm breast milk during an
infant’s hospitalization

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.
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Abstract: During the first days of life, premature infants have physiological difficulties swallowing,
thereby missing out on the benefits of breastfeeding. The aim of this study is to assess the effects of
oropharyngeal mother’s milk administration in the inflammatory signaling of extremely premature
infants. Neonates (n = 100) (<32 week's gestation and/or <1500 g) were divided into two groups:
mother’s milk group (n = 48), receiving 0.2 mL of oropharyngeal mother’s milk every 4 h for the
first 15 days of life, and a control group (n = 52), not receiving oropharyngeal mother’s milk. Serum
concentrations of interleukin (IL) IL-6, IL-8, IL-10, IL-1ra, tumor necrosis factor alpha (TNF-o),
and interferon gamma (IFN-v) were assessed at 1, 3, 15, and 30 days of posinatal life. Maternal and
neonatal outcomes were collected. The rate of common neonatal morbidities in both groups was
similar. The mother’s milk group achieved full enteral feeding earlier, and showed a decrease in 1l-6
on days 15 and 30, in IL-8 on day 30, and in TNF-a and INF-y on day 15, as well as an increase in [L-1ra
on days 3 and 15 and in IL-10 on day 30. Oropharyngeal mother’s milk administration for 15 days
decreases the pro-inflammatory state of preterm neonates and provides full enteral nutrition earlier,
which could have a positive influence on the development of the immune system and inflammatory
response, thereby positively influencing other developmental outcomes.



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



Feeding tolerance

Time to full enteral feeding
Allergic/atopic outcomes
Decrease in parental anxiety
Improved parent-infant bonding



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

Hofman PL, Regan F, Jackson WE, Jefferies C, Knight DB, Robinson EM, et al. Premature birth and later insulin
resistance. N Engl J Med. (2004) 351:2179-86.
Stettler N, Zemel BS, Kumanyika S, Stallings VA. Infant weight gain and childhood overweight status in a multicenter,
cohort study. Pediatrics (2002) 109:194-9. 10.1542/peds.109.2.194



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

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.



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.



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

Protein
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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.



Looking ahead

O

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
ul}derstandmg the factors that influence health of the premature
infant

How these metabolites differ functionally in the extremely
premature infant needs better study




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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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



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?
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Figure 3. The impact of MBM on preterm babies

MBM maternal breast milk; VLBW very low birth weight; ELBW extremely low birth weight; NEC necrotising enterocolitis*®2328-32

A R R R

* Colostrum, the first fluid provided by mothers during the first days after birth, is rich in essential
immunologic and developmental components. MBM protects bables against gastrointestinal and
respiratory infections and reduces the risk of sepsis (Patel 2013), retinopathy (Zhou 2015) and chronic lung
disease (Patel 2017)

Exclusive MBM feeding
compared to any preterm
formula is associated with

an odds ratioof 0.11 for

severe retinopathy of

prematurity (ROP) in 3 e
preterm babies (Zhou m M . m nutr l m
2015) * Fatty acids in breast milk are easily digested and promote faster emptying of the stomach. Protective

enzymes, hormones and growth factors are important for intestinal growth, intestinal permeability and
maturation (Taylor 2019). Breast milk provision results in reduced risk of necrotising enterocolitis (Patel
2013)

* The specific lipids and fatty acid balance of MBM is important for neurological and visual development.
Exclusive breast milk feeding is associated with better long-term brain growth and neurodevelopmental
outcomes, after adjusting for socioeconomic and other maternal factors (Belfort 2016)

VLBW babies re
than halfofth
intake as MBN
10 days of lifek
ratioof 1.€
combined o\
serious infects
death inthe fi
{Corpeleij

unable to do so, compared function and blood pressure in later life (Lewandowski 2016). Some studies also report risk reduction in
to those who planned breastfed children for asthma, atopic dermatitis and eczema. The use of infant formula is associated with
breastfeed anddid so increased rates of sudden infant death syndrome and leukaemia, as well as increased rates of breast cancer

The rate of postnatal

depression is 50% higher in

mothers who planned to

breastfead anid were * There is a link between breastfeeding and lower risk of obesity, type Il diabetes and improved cardiac
to

(Borra 2015) and other adverse health outcomes for mothers (Victora 2016)

* Successful MBM provision and transition to breastfeeding is positive for mental health in mothers of term
babies (Borra 2015) whereas when expressing and breastfeeding are felt to be going badly or there isa
perception of excessive pressure on the mother this can be damaging to mental health. As preterm
mothers are at even higher risk of mental health issues and PND, this can significantly affect them too.

Each increment of
10mi/kg/day of MBM
received by ELBW babies
before discharge is
associated witha 5%
decrease inriskof

* Readmission rates after neonatal discharge are higher in infants given preterm formula, in a dose
dependent fashion (Vohr 2007)

Eachday that
baby receives
50% of their en
25 MBM in the

of life is a5350¢
increased IQ,
motor functic
yesrs (Belfo

Increasingany

feeding ink
discharge from
unitfrom 50%t

rehospitalisation by 30 pr—

months” corrected age * Costs of care are lowest for very low birthweight babies receiving the largest amount of MBM, corrected
{Vohr 2007) for other factors (Patel 2013)

©BAPM 2020, @NNAP 2020

lead to annual |
of nearly £4
{Renfrew




“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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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



Pathophysiology of Necrotizing Enterocolitis

( )
Intestinal Barrier Dysfunction Inflammation

Immature gut barrier:
Decreased Mucus

—_—
Decreased Inracellular junction integrity g g

(e.8., tight junction dysfunction)

'

Increased intestinal permeability

Treatment Strategies Based on Modified Bell's Staging Unknowns

Bell's Stage I: NPO and antibiotics x 3 days -Exact pathophysiology of disease
Bell's Stage I1A: NPO and antibiotics x 7-10 days -Feeding strategles to prevent disease
Bell's Stage 11B: NPO and antibiotics x 14 days -Biomarkers for disease severity

-Specific biomarkers to indicate intestinal recovery

Bell's Stage ITIA: NPO and antibiotics x 14 days
-Drugs to prevent or treat disease

Bell's Stage L11B: Surgery and NPO and antibiotics x 14 days

Figure 1. Summary of the Pathophysiology, Treatment Strategies, and Unknowns of Necrotizing
Enterocolitis. The pathophysiology of NEC is multi-faceted, involving intestinal barrier dysfunction,
decreased IgA, and altered microbiota. Current treatment strategies include stopping feeds and starting
antibiotics based on disease severity, as classified by Bell’s staging. Much remains unknown about
disease prevention, diagnosis, and treatment. Figure created with Biorender.com. Abbreviations:
Immunoglobulin A (IgA), NEC (Necrotizing enterocolitis), NPO (nil per os).



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

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

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.



When Alpha-lactalbumin binds to
oleic acid (also found in human
milk), it changes shape to become
HAMLET (Human Alpha-
lactalbumin Made Lethal

to Tumour cells).

HAMLET causes the
death of cancerous cells
when studied in the
laboratory, and work is

Alpha-
£ lactalbumin

under way to determine
whether this is also true
in our bodies.
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Tailor-made

antibodies ¢+

o/

Your body identifies

bacteria and viruses
found in your baby’s body
and environment. You
then produce antibodies
specifically tailored to
those infections, and
deliver them to your

child through
your milk.

humam wilk 80)
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Components that

kill cancerous cells

Human milk contains

components that kill

cancerous CC]]S.
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oligosaccharides disaccharides a-I-antichymotrypsin
Poly’““‘larides Xanthine oxidase Lysozyme

| (atalase
Arglsul{alrm Histaminase "

PAF-acetylhydrolase \o‘\en
PhOSPkﬁ+ﬂse ql\,(amminoqumm

monosaccharide! V\
Antiproteases E:P a;e :

Human milk contains enzymes and

arbohydrates. Breastmilk contains over 200
\‘ll!_,(ll'ﬂ. Pltll(’l‘ ('()nlpl('x or Sinll)l(‘. \Vlli('l) pl‘()\ i(l("
ﬂ'l’ﬁh+|+79PS|M an un.porlanl (‘n.(‘rg‘.v source. Som(.- human milk

Enzymies are special oligosaccharides can only be digested by

proteins that speed up bacteria, and help the infant to establish

specific chemical reactions
Y)“f[,ﬁ‘ throughout the body.

a ll(‘illtll)" gut mi('r()l)i()m('.

Histaminase -
An enzyme that
inactivates and breaks down
histamine, a substance
released by the body at
times of stress
Lysozyme - Found and allergy.
in Significant quantities in human
Il milk. It i an’ri-inﬁammafory and
bactericidal, destroying bacteria by disrupting
their cell walls. Thought to protect the infant
against diarrhoeal diseases. It increases in
L concentration in breastmilk ag babie get older
and more mobile and increases further after
children reach their first birthday. It is
particularly effective against

E.coli and salmonella.

o wille - ) hrn
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Afatty acid required for the Human milk contains fats. Fats in general have a number of [unetions
synthesis of molecules involved in('lll(lillgi energy storage, cell messaging, hormone pl'm]w tion and
in pain and inflammation. Also
thought to play a role in infant

brain development.

struct Hl‘.’il l‘l)lz'\.

/) A y
‘\ - Impovhm‘ (omponevd’s
\'§ of the immune, nervous and ) *\
cardiovascular S\’ﬂems. P[ags a role .
n myelivmfion o{ nerve ﬁbre& Arachidos ‘
! (AHA) - A latty acid
involved in re A
n. Also thought
\, o play a role in infant

brain development.

(GMI1, GM2,
4M3) are critical to normal brain Y8

development,

[ ';'”.s

Lauric acid [‘Mz b
Sﬁqmn—nnd mmpes’(e-ml /Y)A) o
Desmosterol a\obo\\“ Clatly O8teyyy

almitic act .
Lysophosphatidylcholine Q\u(oS\’\(eVﬁw“Ae

Lo aid (11 )/ il o (49) Cc13) Plomalogens [ 7 . 9
Galactosylceramide i (w) GMI P ’”70/,},[4[ L ¥
Ladosykemmide Eicosapentaenoic acid (£74) Ole; A
Globotviaosylceramide (4B3) F-ketocholesterol Phospha ﬁdy“nog'efltl acid
10|
’T'-Dehydvotholesfevol (kqlesferol SPhiMqomyelin Palmiboletciacd
. Aot Triacylqlycerol ( triglyceride) Lamogterol Sepbadiinie
hatidylchotine Lot Squalene Sitoterol
?‘\08? ) \’ Lygophosphnﬁdyld‘hanolamine *YO\ h
-Lathoste ) o

(onjugated linoleic acid (F.u d ve omeqa 6) g Ay ] +
Am(hidoni( add (fw’x) P‘erhmgle\‘hnalamiuc Ic a(ld S e'o“

Docosahexaenoi¢ X

e lk CIC 2019
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Human Milk Oligosaccharides (HMOs) are a group of complex One HMO called DSLNT has been linked

sugars, and the third most abundant component of human milk. to a reduction in the risk of Necrotizing
Over 100 different HMOs have been identified in human milk so Enterocolitis (NEC). NEC is a potentially
far. Which ones are found, and in what concentration, is unique fatal disorder, most often affecting
to each mother. Genetics, how many children the mother has premature babies, in which tissues in the
had, the age of the nursling, and even the seasons, have been gut become inflamed and start to die.
found to influence this unique HMO set in each woman. O
What we know about
HMOs is probably just
Many HMOs cannot be digested byhumans, but Huvvf\an . ; : A
_ o milk the tip of the iceberg, as
instead act as food for bacteria in your baby’s : .
containg @) researchers continue to

tummy. These bacteria help your baby to resist unravel their full
infection from harmful bacteria, and to O otenial
develop a normal gut microbiome. HMOS \ '

The microbiome plays an enormous role in making
sure the gut and immune system develop properly.
HMOs can also trick bacteria and viruses into binding to
them, instead of the gut wall, preventing them from
infecting your baby. Some HMOs have the potential to
reduce the risk of diarrheal diseases, one of the most
common causes of infant mortality under age 5.

¥ s
S

..,f’\/‘ " © Human Milk CIC 2019
. . Www.human-milk.com

v O

Tailor-made for tiny humans



Human milk contains hormones. Hormones
are chemical messengers that carry signals
l.l'()lll one ('('”. or IQ:]’()U]) ()l. ('(‘”S. to ot ll(‘l‘.\' \'iil
the blood. Studies in m(mkqu show that
hormone signalling through their milk affects
the fee(ling behaviour, temperament and

weight gain of infant monkeys.

P - A hormone

that induces feelings of
well—beim] and relaxation in both the
child and the mother. lnvolved in

The mother's uterus contracts dwinq {eeds
and for up to 20 minutes after the
feed. Also causes the milk-ejection

reflex; or letdown.

Thyroid releasing hormone (TRH)

Adiponectin  p4-£|

- Helps to suppress
appetite.

s which would prevent children
and adults from overeating. Also
InelPS to reduce the amount
o" bodn} {M.

humom milk Q@

Tailor-made for tiny humans

Thrombopoietin  Thromboxanes
Gonadotropin-releasing hormone (4uRH)

fl'catq,w’-d’ Prostaglanding

Lepﬁn P4-F2 é
Ghrelin =

3

P4-€E2
£

Leukotrienes =

I s

(ortisol Ingulin  Corticosterone fiL Prostacycling CIRH

Crolecystokinin - Tritodothyromine (T3)
Thyroxine Thyroid stimulating hormone (TSH)

oxytocin

hmf
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Lactoferrin is a protein with
an anti-tumour effect, and has
been found to significantly
inhibit the growth of
some cancerous cells.

It also helps
our little ones to
absorb their own

me’(o{ewim ,

It binds to the iron in their
body, which prevents it
from being accessed by

harmful micro-organisms

that need iron to survive.

huowow w3, hrmf

Tailor-made for tiny humans FRORDATION
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Laboratory tests have shown that
lactoferrin inhibits infection by Hepatitis B,
Hepatitis C, Cytomegalovirus (Herpes
family), Respiratory Syncytial Virus (RSV),

Human Adenovirus (causes the common
w"“" cold), Poliovirus, Enterovirus
containg

(diarrhoea virus),

/O and others.

O
TS
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Antibacterial
and antnnral w;;

Human milk contains
lysozyme, an antibacterial and
antiviral enzyme that increases in
concentration when babies are around
6 months old, and again after a year. It
also contains lactolerrin, which inhibits

the growth of some cancerous cells, and
Icreases 1n concentration over time.

)an- m|lk com
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Human milk contains nucleotides.
Nucleotides are the basic building

also form circular structures involved

l)]()(‘kS ol' I)NA\ ﬂll(l I\)Nl\ Thcy can {

in cell sig‘n;l”ing‘ = u('ti\‘:)ling‘ or

inlli‘)iiing‘ processes within cells. 2 R

It appears to play a

protective role against hypoxic

brain damage, and

Guanosine diphosphnh -
§'-Adenosine monophosphat
Uridine o\ipko&pka’(e (VoP)

Vridine diphosp
Uridine mouophosPha{’e (3'-UMP)
. Uridine diphosphoglucuronic acid (UDP4A) ) Ye cho
minesh khashu (yfidine diphosphat®

= Uridine diphosphate-N-acetylhexosamine (VDPAH)
IAlAIN\d\M Ml‘k Q\ hirmf T ) T TR, N




Oxytocin is a hormone
that causes feelings of
well-being, relaxation
and connection in both
mother and child.

It also causes
contractions of the
uterus, which help to
control bleeding after birth
and shrink the uterus back
to its pre-pregnancy size.
The mother’s uterus
contracts during feeds
and for up to 20 minutes
after the feed.

humam vm\\c k Ghr hmf

TolcJ AN

)

Human
milk

containg

It causes the milk-

ejection reflex, or let-down.

It is carried through the
bloodstream to the
breast, where it causes
contractions that carry
the milk forward into
the ducts.

© Hum ilk CIC2019
www.human-milk.com
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Feelings of

Well—being
< )

Human milk contains oxytocin,
a hormone that induces feelings
of relaxation and well-being in

your child, and in you.

© Human Milk CIC 2019
www.human-milk.com
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Human milk

contains stem cells .

~
\

¥ °

°

(e

\

2
°)

These are cells that «)
create and repair the
body and are being
researched worldwide
to cure conditions
like Alzheimers

and diabetes.

' © Human Milk CIC 2019
‘www.human-milk.com
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| Colostrum is a baby's first immunisation
as well as its first feed.

Every drop helps the immune and
digestive systems of premature babies.

eastfeeding: Foundation of Life

NEC | #WBW

#oreventNEC ~ sionec



Nutrients 2020, 12, 1347

Healthy small intestine
Serosa
Muscular

Submucosa

Mucosa

" | Villi

Early enteral nutrition

VeV T AYAVETAT] (AT

Serosa

Muscular
Submucosa

Mucosa
Villi

SIP

Figure 3. Relationship of early enteral nutrition to SIP. Early enteral nutrition provides arginine,
threonine, glutamine and polyunsaturated fats (PUFAs) that result in improved gut structure/function,
mucin synthesis and production of enterocyte phospholipids. Delayed enteral nutrition results in
increased SIP susceptibility.
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Risk Ratio
M-H, Random, 95% CI

Human milk/ unpasteurised PTF /pasteurised HM Risk Ratio
or Su Events Total Events Total Weight M-H, Random, 95% Ci
1.1 - vs preterm

Cristofalo 2013 16 29 19 24 100.0% 0.70 [0.47, 1-031
Subtotal (95% CD 29 24 100.0% 0.70 [0.47, 1.O3
Total events i6 i9
Heterogenety: Not applicable
Test for overall effect Z = 1.83 (P = 0.07)
2.1.2 Exclusive human milk vs ive pr L4 ia; Non-RT and Observational
Assad 2016 = 21« o 30 1.8% 1.30 [0.07. 23.52)
Manea 2016 “ is 8 16 15.0% 0.44 [0.16. 1.20)
Manzomn 2013 “2 314 32 18« 83.2% 0.77 [0.50, l.l?‘
Subtotal (95% CnD 546 230 100.0% 0.71 [0.49, 1.05

Total everts SO <0
Heterogeneity: Tau” « 0.00; On' = 1.16,. df = 2 (P = 0.56) I - O%

Test for overall effect 2 = 1.71 (P - 0.09)

2.1.3 Any milk vs > R L la; Obs 1

Assad 2016 7 263 (] 30 1.4%
Slaymore 8ser 2002 3 29 o 10 1.4%
Furman 2003 24 7o 10 <0 14.4%
Hylander 1998 24 123 29 89 18.4%
Jacobi-Pollishook 2016 139 565 - 46 9.1%
Parker 2012 s <0 i3 40 11.8%
Schanier 1999 b -4 62 22 <6 18.0%
Vohr 2006 3112 77S 91 260 25.4%
Subtotal (95% CH 1936 S61 100.0%
Total evernts 535S 169

Heterogenety: Tau” = 0.12: O’ = 17.20. df = 7 (P = 0.02) " = S9%
Test for overall effect Z = 0.30 (P = 0.76)

2.1.4 High s = h milk RTs

Corpeleijn 2016 &7 183 66 i90 4“3 .9%
O'Connor 2016 ‘s is1 35 182 21.1%
Schanier 2005 a7 is1 33 °2 24 9%
Sulivan 2010 3s 138 i3 69 10.0%
Subtotal (95% CDH 653 S33 100.0%
Total everts 192 147

Heterogeneity: Tau” = 0.00: O w 2.48 df = I (P = 0.48). 1" - O%
Test for overall effect Z « 0.70 (P - 0.49)

2.1.5 Higher vs do L milk ob 1
Alshaikn 2015 34 254 33 is9 6.8%
Assad 2016 - 21< 3 <9 2.0%
Sishop 2010 is 152 34 179 5.9%
Colacci 2017 23 39 24 <6 7.2%
Colaizy et al. 2012 iz 12« ° <7 <. 8%
Furman 2003 2 32 i3 29 2.2%
Ginowvart 2016 29 11« ie 72 6.4%
Hair 2016 156 819 233 768 8.5%
Hermann 2014 s 162 <0 386 3.8%
Hylander 1998 20 S8 16 65 6.0%
Jacobi-Pollishook 2016 36 283 103 282 7.5%
Kreissi 2017 14 150 35 iso 5.8%
Metzger 2012 <7 iss 30 172 7.0%
Madore 2017 s 56 “ 25 2.6%
O Connor 2003 1s 141 “9 322 S.9%
Sisk 2007 18 156 L3 <6 “.1%
Sisk 2017 62 <38 is 113 6.2%
Verd 2015 63 148 22 S3 7.3%
95% Cn 3528 2993 100.0%
Total events 564

688
Heterogeneity: Tau" = 0.16. Chi* = 65.54,. df = 17 (P < 0.00001) V' = 74%
Test for overall effect Z = 2.86 (P = 0.004)

2.1.6 L ised vs ed milk (MOM or donork RT

Cossey 2013 22 151 ED 152 100.0%
Subtotal (95% CD 151 is2 1
Total evernts 22 31

Heterogeneity: Not applicable
Test for overall effect 2 = 1.32 (P = 0.19)

2.1.7 Unpasteurised vs d h milk (MOM or donor) Observational

Dicky 2017 246 636 103 290 S7.7%
Mongjaux-Regis 2011 L3 = Y s 20 3.7%
Schanier 200S i7 70 30 81 13.4%
Sisk 2017 <6 299 16 i39 12.1%
Stock 201S 26 164 24 159 13.0%
Subtotal (95% CDH 1186 689 100.0%
Total events 341 i7s

Heterogeneity: Tau' = 0.01. Chi® w 4.65,. df = 4 (P = 0.32). 1" = 14%
Test for overall effect Z = 0.47 (P - 0.64)

1.76 [0.10, 30.10)

2.57 10.14, 25.79)
1.22 10.65, 2.29)
0.60 [0.38, 0.96)
2.83 [1.10, 7.30)
0.62 [0.29, 1.32)
0.64 [0.40. 1.04)
1.15 [0.95. 1.38‘
0.95 [0.67, 1.34
1.0S [0.80. 1.38)
1.26 [0.85. 1.87]}
0.87 [0.60, 1.25)
1.31 [0.74, 2.31

07 1.28

0.77 [0.49, 1.19)
0.31 [0.07, 1.32)
0.52 [0.29, 0.92)
1.13 [0.77. 1.65])
0.72 [0.34, 1.49)
0.14 [0.03,. 0.57)
0.96 [0.59, 1.59)
0.63 [0.53, 0.75)
0.30 [0.12, 0.74)
1.40 [0.81, 2.44)
0.35 [0.25.0.49)
0.40 [0.22.0.71}
1.43 [0.95, 2.16)
0.56 [0.16,. 1.90])
0.65 [0.37, 1.14)
0.88 [0.37, 2.10)
1.07 [0.63, 1.80}
1.03 [0.71. x.dsl
0.71 [0.56,

09 [0.91, 1.31)
41 [0.52,3.82)
66 [0.40, 1.08)
-34 [0.79, 2.28)
.05 [0.63, 1.75
.0S [0.86, 1.2
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PTF /I o N il s a Mean Difference Mean Difference
or ~ SO Toual ~ SO Toual V. Rand a9s% IV, Random, 95% CI
< months Any human milk vs excdusive P o fo 0 M\g
Blaymore Bier 2002 (1) 100 12 29 51 10 10 100.0% 9.00 {1.42, 16.58] ,—
Subtotal (95% 29 10 100.0% 900 [1.42, 16.58]
oge V- Not
Test for overal effect 2 -« 2. 33 ¢ - 0.0)
5.1.2 Cognition 18 10 <36 ths: Amy b milk vs pr 1L > ']
Furman 2004 (2) 80.5 172 9 80 16 29 16.7% 0.50 [-6.60, 7.60) ¥ o5
Jacobi-Polishock 2016 3) 945 1.3 565 s 1< <5 32.4% -0.50 [-4.7«, 3.7%)
Vohr 2006 () 79.9 is 77s 75.8 16 260 SO.8% 4. .10 [1.78.6.42)
1409 33s 201 [-1.35, 5.36]
Heterogeneity Tauw" « £ 35. O =« 3.94. Af « 2 (P = 0.14). I = 4a9%
Test for overall effect Z = 1.17 P = 0.24)
5.1.3 Cognition < 18 months: Migher vs § dose h milk: Obs
Colacci 2017 ) o8 * 26 7 10 29 20.1% 1.00 [-4.02. 6.02] m
Feldman 2003 (6) 94.2 ss 3a 90.5 as 31 233w 3.70 [-0.51, 7.91) -
Madore 2017 (1) s7e6 11.7 33 973 118 i3 12.8% -9.50 [-17.06, -1.94) —,
O'Connor 2003 (8) 9<c.a i3z 142 *2.12 1.7 322 30.1% 2.30 [-0.30, «.90)
Pinelh 2003 () 2 is 34 91 3 21 13.6% 1.00 [-6.19. ..l"
Subtotal (95% CD 268 416 100.0% 0867 [-2.68,
Heterogenelty: Tau" « 7.95. O « 9.61. 0f =« 4 (P =« 005 ' - S8%
Test for overall effect 2 « 0.39 (P - 0.69)
5.1.4 Cognition 18 10 <36 months: Higher vs lower dose human milk: RT
O'Connor 2016 (100 S2.9 19.3 153 945 19.2 148 100.0% -1.60 (‘-5.95. 2.75! !
Subtotal (95% CD is: 148 100.0% ~1.60 [-5.95, 2.
Heterogeneity: Not appicable
Test for overal effect Z = 0.72 (P = 0.47)
5.1.5 Cognition 18 1o 36 months: Higher vs o L il ob: ']
Colacci 2017 (1) ss 14 30 7 16 27 12.1% 1.00 [-6.84, 8.84) o S
Furman 2004 (12) 8s 21 28 7S 1< 2s 8 4% 6.00 [-3.52. 15.52]) SrQpp—
Jacobi-Pollishook 2016 (13) S< is.s 283 s 15.7 282 7i.0% -1.00 [-3.60. 1.60}
Madore 2017 (14) ss s 139 34 947 151 i3 8.5% ~-5S90[-15.34, 3 54
Subtotal (95% CD 37s 347 100.0% ~0.59 [-3.41, 225
Heterogeneity: Taw" = 1.17. O = 3.30. &f = 3 0P = 0351 ¥ - 9%
Test for overall effect T = 0. 41 (@ = 0.68)
5.1.6 Cognition > 3 years; Migher vs S L milk: Obs yATS ']
Tanaka 2010 (15) 1009 146 10 s4.5 118 8 1%00% 640(-3.80 1860) t
Subtotal (95% CD 10 8 100.0% 6.40 [-5.80, 1
ieteroge v: Not
Test for overal effect 2 = 1.03 @ - 0300
S.1.8 Motor 18 to <36 ths: Any b itk vs o 1 o 1
Furman 2004 (16) 7as ir 69 80 16 29 246% -550([-12.57.1.57 -]
Jacobi-Polishook 2016 (A7) °2.7 158 $6S °s is 46 34 6% ~2.30 [-6.55. 1.9%)
Vohr 2006 (18) 846 19 77s si1.3 7 260 40 8% 3.30 [0.84, 5.
Subtotal (95% CD 1409 335 100.0% ~0.80 [-6.02,
Heterogenelty: Tau" « 15 81. On' « 884, A « 2 (P « 0010 F =« 7%
Test for overall effect T « 0.30 (F -« 0.76)
S.1.9 Motor 18 1o <36 months: Migher vs lower dose human milk; RT
O'Connor 2016 (19) S1.8 8.7 151 94 i85 148 100.0% ~2.20 [-6.42_ 202 ’
Subtotal (95% CD is: 148 100.0% -2.20 (-uz.z_o:l
feterogeneity: Not
Test for overal effect T =« 102 ¢ -« O.30)
5.1.10 Motor< 18 months: Higher vs lower dose human milk: Observational
Colacci 2017 @O a7 i3 26 89 11 29 18.6% ~2.00 [~8.40, 4 .40} —
Feldman 2003 20 ss.8 115 3a 7s i1 31 20.5% 7.80 (2.23,13.37) .
Madore 2017 22) 86 < 14« 33 931 7.8 13 18.4% -6.70([-13.19. -0.21) sl
O'Connor 2003 (23) 853 149 1413 s7.12 149 322 26.7% ~1.80 [~<.75, 1.15)
Pinelh 2003 (24) 7s s 3a 7z is 21 15. 7% 1.00[-6.83, 883
Subtotal (95% CD 268 416 1 ~0.33 [-4.80, 414
Toauw" « 17.22.00" =« 13,10, 0 =« 4 (F « 0.0k ¥ -« 69%
Test for overall effect 2 « 0.14 (F -« 0.89)
S.1.11 Motor 18 10 <36 months: Higher vs - Rum milhk; ob '
Colacci 2017 @2@%) 2 13 30 89 17 27 12.0% 3.00 [-4.92, 10.92) -,
Furman 2004 (26) 7 16 28 7s 18 25 9.0% 1.00 [-8.21, 10.21) e
Jacobi-Pollishook 2016 227 1.5 i6.1 283 e is.s 282 70 6% ~2.50 [-S.13,.0.113)
Madore 2017 (28 as 135 3a 92 .4 15.- 13 8.5% -7.40([-16.92., Z.l?'
Subtotal (95% CD 37s 347 100.0% ~1.94 [-4.78, O

Heteroganeity Tiw® « 720000 =« 3.31. @f « 3 0P -« 0350 ¥ - 9%
Test by eoavra)l gitnre 2w 1.34 0 - 018




1LllIlI|ll1'NlNiiH{hﬁlllillﬂﬂ!ﬂ?l!ll lwl!lllltﬂlhlMlmlﬂlﬂlWllllil\ L

s et R
@i’“ﬂ #ﬂitﬂﬂ ilﬂﬁlﬂiﬂlﬂ'nﬂmH!Illl!ll'ilﬂ!ltlﬂl!lﬂiiiii\lllli\ll!‘“!“ﬂ‘t\tm!wz*\“5‘3?“‘& i
o

L - f?ﬁa& i
. :nmu L iumm{m mumm .

i !‘1{! "iill m"m'ill gummmmmnmw* ml[lﬂllll}l[ﬂ il Hllm(lll i tﬂ!ﬁlﬁi ﬂ!illlll Hlmﬂl[“lﬂllﬂﬂi!ﬂ&l{ﬁlll‘!ﬂlilmﬁﬁ;
Wi‘ﬂi qﬂ zli i ltklnl il tlxm' i ""[fu' v Ixﬂh il n;mmn!m--

i

;ﬁl“} {ﬂi
i

s




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

a-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



Table 1. Meta-analysis results. ?=:
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hypoxia, (formula) feeding
postnatal mild infections etc.

v v

focal mild mucosal damage

focal bacterial adhesion to epithelia 'l )
l < &/
S /

release of bacterial products, e.g. LPS,
followed by release of PAF and TNFa

v

local breakdown of mucosal barrier
and entry of bacterial products, e.g. LPS,
followed by further release of PAF and TNF«

v

Neutrophil Infiltration and Activation

> inflammatory cascade

release of proinflammatory cytokines,
vasoconstrictors, ROS

v g

focal necrosis
complete breakdown of mucosal barrier

v

entry of large amounts of bacterial products

v

sepsis and shock

v

severe NEC — death

proliferation of bacteria

leukocyte
rolling

PNC

%

HMO

prebiotic

anti-adhesive,
anti-microbial

selectin ligand
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Table 2. Summary of Findings.
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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 Kkill 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



Human Milk is Protective

9,

» 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




High proportion of long-chain polyunsaturated fatty acids (APGI-LC), o6
(such as arachidonic acid) and ®3 (such as eicosapentaenoic and
docosahexaenoic acids [DHA]), which are derived from essential fatty acids:
linoleic and a-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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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



