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Nutrition is a key factor for normal development of
all fetal (and neonatal) organs and their function.
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Normal lung development occurs in distinct stages, all can be affected by impaired availibility
of oxygen and other nutrients.
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The most critical period of
brain growth and
development for humans
corresponds to the third
trimester of pregnancy
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High Level of Responsibility
All under our hands...

* For preterm infants
these developmental
processes take place
in the neonatal
Intensive care unit
(NICU) environment.




Tell me what
you eat and I
will tell you
what you are !

Jean Anthelme Brillat-Savarin
1755-1826
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Nutrition is fundamental
for..

« growth

« development and
maturation of the tissues
and organs

e "programming”

« development of a
balanced microbiota




Nutritional Goals

* Ensure a growth similar to the U growth rate

* Ensure a body composition similar to that of the fetus
of the same gestational age

* Prevent postnatal growth failure
* Minimize the risk of NEC
* Ensure a satisfactory neurocognitive development

* Promote the development of a balanced intestinal
microbiota

* Improve the health outcomes at the short- and long-
term

Arslanoglu S. Enteral Nutrition of Preterm Infants. Textbook of Neonatology 2017



Recipe=HM

Dual action
— Source of nutrients

— A myriad of bioactive components
The most potent immunonutrient
A synbiotic

Chronobiotic
Proven clinical benefits




HUMAN MILK

Human milk is an
admirable biological fluid
that has evolved through
millions of years

Sustains life in a pathogen
rich and nutrient-poor
extrauterine environment

Crucial for nutrition and
immuno-protection and....




PROVEN HEALTH BENEFITS OF
HUMAN MILK- Term Infants

Prevention against

* Infection

e Obesity

* Diabetes

* Guluten enteropathy, IBD
* Leukemia

e SIDS

* Allergy

Improves NC Outcome

Decreases Mortality




PROVEN HEALTH BENEFITS OF
HUMAN MILK- Preterm Infants

* Prevention against NICU Challenges
Sepsis*™
NEC

BPD
ROP

* At intermediate and long-term effect

Improves neurocognitive outcome
Prevention against CV disease risk factors

 Decreases mortality™
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Every Drop is Gold

HM is a life-saving,
disease preventing
iImmuno-potent
hutrient.

Therapeutic
hutrient



HM- A Myriad of Bioactive

ompounds
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HAMLET
(human alpha-lactalbumin made
lethal to tumor cells)

A vast
antitumoral
activity
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Ho C S, J; Rydstrém, A; Trulsson, M; Balfors, J; Storm, P; Puthia, M; Nadeem, A;

Svanborg, C (Oct 2012). "HAMLET: functional properties and therapeutic potential.".

Future oncology (London, England) 8 (10): 1301-13.
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Figure 5. Proposed multilineage potential of breastmilk stem cells. Upregulation of the transcription factors (TFs) OCT4, SOX2, and NANOG
during pregnancy and lactation results in broader differentiation potential of a mammary stem cell population under specific microenvironmental
cues. Accessed via breastmilk, these cells can differentiate in corresponding microenvironments into not only the two main mammary epithelial
lineages (green) but also into mesodermal lineages (blue), endodermal lineages (beige), and the neuroectodermal lineage (purple).
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Prebiotics
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Timeline with Key Events in HMO Discovery

intestinal bacteria intestinal bacteria ‘Bifidus-factor’ elucidation of nutritional and biological benefits of HMO
impact different in in human milk (prebiotic, antiadhesive, etc.)
infant physiology  breast- vs bottle-fed
Schonfeld YR
Tissler
Newburg
ESCherich e Mo Gyor
1886 1900 1926 “Bifidus-factor'= Kunz
' ‘Gynolactose'=
1954 ougyonccmm’“ Lundblad 2000
1888 1930 (HMO)
Kuhn Egge
Eschbach
. Lespagnol
Deniges Polonowski Polonowski Ginsburg
- Montreuil Kobata
# carbohydrates additional carbohydrate
different in fraction in human milk isolation and characterization
human vs bovine milk "Gynolactose” of 100+ different oligosaccharides

Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology.
2012 Sep;22(9):1147-62.
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Table 1 Factors influencing gut microbiota during

gramming
development.
Development phase Factor
Fetal life Antiblotic therapy, malnutrition
or over-nutrition, obesity,
ars
diabetes eczama, stress
during pregnancy
Postnatal period Duration of gestation,
mode of delivery, use of
antibiotics, type of feeding =
Infancy Toddlerhood Childhood Teens
= Breast or formula = Solid food weaning
feeding
> € > € > € >
0—-1 year 1-6 years 6—13 years 13—19 years
b
Mother/infant Gut microbiota and host child communication: energy storage and metabolism, immune
microbiota interaction  function, barrier integrity, autonomic nervous system, processes of the host (epithelial
cell proliferation, intestinal motility)
Food—host microbiome interaction
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OPEN

The International Scientific Association
for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition
and scope of prebiotics

Glenn R. Gibson', Robert Hutkins?, Mary Ellen Sanders?, Susan L. Prescott*,

Raylene A. Reimer®, Seppo J. Salminen®, Karen Scott?, Catherine Stanton?®,
Kelly S. Swanson®, Patrice D. Cani'®, Kristin Verbeke'' and Gregor Reid'?

Abstract | In December 2016, a panel of experts in microbiology, nutrition and clinical research
was convened by the International Scientific Association for Probiotics and Prebiotics to review
the definition and scope of prebiotics. Consistent with the original embodiment of prebiotics,

but aware of the latest scientific and clinical developments, the panel updated the definition

of a prebiotic: a substrate that is selectively utilized by host microorganisms conferring a health
benefit. This definition expands the concept of prebiotics to possibly include non-carbohydrate
substances, applications to body sites other than the gastrointestinal tract, and diverse categories
other than food. The requirement for selective microbiota-mediated mechanisms was retained.
Beneficial health effects must be documented for a substance to be considered a prebiotic. The
consensus definition applies also to prebiotics for use by animals, in which microbiota-focused
strategies to maintain health and prevent disease is as relevant as for humans. Ultimately, the goal
of this Consensus Statement is to engender appropriate use of the term ‘prebiotic’ by relevant
stakeholders so that consistency and clarity can be achieved in research reports, product
marketing and regulatory oversight of the category. To this end, we have reviewed several aspects

Improving human health through modulation of the
microbiome is an evolving strategy that is part of a
comprehensive, holistic approach to lifestyle wellness'.
The rich, diverse microbial ecosystems inhabiting
mucosal and cutaneous surfaces provide targets for
approaches to maintain or improve health or to treat
disease. The ability to shift the composition and meta-
bolic signatures of these microbial populations is now
possible, via dietary or non-dietary interventions*.
Over 20 years ago, a class of compounds, termed
prebiotics, were recognized for their ability to manipu-
late host microbiota to the benefit of the host*. At that
time fructans (fructooligosaccharides (FOS) and inulin)
and galactans (galactooligosaccharides or GOS) fit that
category, with their effects acting through enrichment
of Lactobacillus and/or Bifidobacterium spp. FOS and
GOS currently dominate the prebiotic category as evi-
denced by numerous studies on their prebiotic effects.

of prebiotic science including its development, health benefits and legislation.

Today, the prebiotic concept has expanded, in part,
because of advances in tools for microbiome research
(for example, high-throughput sequencing), which
have improved our knowledge of the composition of
the microbiota and enabled identification of additional
substances influencing colonization. Concurrent with
this progress is the realization that a broader range of
beneficial microorganisms are affected by prebiotics
and also that they might be effective at extraintestinal
sites directly or indirectly®. Furthermore, the use of
prebiotics has expanded to production and companion
animals®” and categories beyond food. Accordingly,
researchers have advocated for reconsideration of the
contemporary nature of prebiotics, which formed
the aim of the consensus panel that was convened on
9 December 2016 in London, UK. The various aspects
looked at in this review of evidence were: evolution of
the term prebiotic; effects and selectivity; substrates that
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A substract utilized
selectively by the host
microorganisms and
confers health
benefits
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Selectivity

Bifidobacterium longum subspecies infantis: champion
colonizer of the infant gut

Mark A. Underwood'2, J. Bruce German22, Carlito B. Lebrilla®*, and David A. Mills23°
'Department of Pediatrics, University of California, Davis, Sacramento, California

2Foods for Health Institute, University of California, Davis, Davis, California
*Department of Food Science and Technology, University of California, Davis, Davis, California
“Department of Chemistry, University of California, Davis, Davis, California

SDepartment of Viticulture and Enology, University of California, Davis, Davis, California

Abstract
Oligosaccharides are abundant in human milk. Production of these highly diverse structures
requires significant energy expenditure by the mother and yet these human milk oligosaccharides
offer no direct nutritive value to her infant. A primary function of human milk oligosaccharides is
to shape the infant’s intestinal microbiota with life-long consequences. Bifidobacterium longum
subspecies infantis (B. infantis) is unique among gut bacteria in its prodigious capacity to digest
and consume any human milk oligosaccharide structure, the result of a large repertoire of bacterial
genes encoding an array of glycosidases and oligosaccharide transporters not found in other
bacterial species. In vitro, B. infantis grows better than other bacterial strains in the presence of
human milk oligosaccharides, displays anti-inflammatory activity in premature intestinal cells, and
decreases intestinal permeability. In premature infants, B. infantis given in combination with
human milk increases B. infantis and decreases Enterobacteriaceae in the feces. Probiotics
containing B. infantis decrease the risk of necrotizing enterocolitis in premature infants.
Colonization with B. infantis is also associated with increased vaccine responses. Probiotic
organisms have historically been selected based on ease of production and stability. The
advantages of B. infantis, sclected through coevolution with human milk glycans, present an
opportunity for focused manipulation of the infant intestinal microbiota.

The colonization of the fetal gut begins in utero with swallowing of amniotic fluid. At that
point, infants begin a lifelong relationship with their gut microbiota. Major shifts in the
community of microbes inhabiting the intestinal tract (the gut microbiota) and the genes
expressed by these microbes (the gut microbiome) and presumably the health consequences
of the phenotype of the gut microbiota occur with rupture of the fetal membranes, birth,
initiation of feeding, addition of solid foods, weaning, and interventions such as antibiotics,

Copyright © 2015 International Pediatric Research Foundation, Inc.
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In Infants With Necrotizing Enterocolitis,
Gut Dysbiosis Precedes Disease

Julie A. Jacob, MA

hen Edward McCabe, MD, PhD,
was a pediatric resident in the
mid-1970s, he often treated pre-

term infants with necrotizing enterocolitis
(NEC). "It's a horrible disease.” he said. Forty
years later, when he retired from dlinical prac-
ticein 2012, few strides had been madein pre-
vention, treatment, or mortality. The lack of
significant advances to prevent or treat NEC
in fragile preterm infants is frustrating to cli-
nicians who care for them, McCabe said.

“There have been lots of studies on
[causes and treatments] with essentially no
change in mortality,” said McCabe, the se-
nior vice president and chief medical offi-
cer for the March of Dimes. Currently, about
12% of preterm infants weighing less than
1500 g develop NEC, and about one-third die
from sepsis or other complications (Gephart
SM et al. Adv Neonatal Care. 2012;12[2):77-
87; http://1.usa.gov/21IRhiH).

However, a new prospective case-
control study by researchers at Washing-
ton University School of Medicine in St Louis
provides a preliminary road map for addi-
tional investigation into causes and poten-
tial treatments (Warner BB et al. Lancet. doi:
10.1016/S0140-6736(16)00081-7
[published online March 8, 2016]). The re-
search team sequenced DNA extracted from
3586 stool samples retrieved from 166 pre-
term infants who were hospitalized in neo-
natal intensive care units at 3 hospitals:
St Louis (Missouri) Children’s Hospital; Kosair
Children’s Hospital in Louisville, Kentucky;
and Children’s Hospital at Oklahoma Univer-
sity in Oklahoma City. All babies weighing
less than 1500 g without congenital heart
disease or intestinal perforations who were

JAMA June7, 2016 Volume 315, Number 21

expected to survive more than 1week were
eligible for the study. The babies' stool
samples were analyzed from neonatal ad-
mission to 60 days of age or until a NEC di-
agnosis, whichever occurred first.
Investigators discovered that the gas-
trointestinal bacterial microbiome of 46 pre-
term babies who developed NEC contained
significantly more gram-negative gamma-
proteobacteria, such as Escherichia coli, and
less anaerobic bacteria, particularly Negati-
vicutes, compared with preterm babies who
did not develop the disease.
“Neonatologists have long believed that
gut bacteria could have a bearing on devel-
oping or being protected from necrotizing
enterocolitis,” said Phillip I. Tarr, MD, the
study’s senior author and a professor of pe-
diatrics and microbiology at the Washing-
ton University School of Medicinein St Louis.

That hypothesis, he explained, is based on
several factors, including the association be-
tween greater antibioticuse and NECand the
protective factor of breastfeeding. "How-
ever, the identity of the risk-conferring mi-
crobes had not been clarified,” Tarr added.
It was the study’s scope and methodol-
ogy, however, that enabled the researchers
to demonstrate that the gut microbiome
transition occurs before infants develop NEC,
noted Scott Lorch, MD, a neonatologist and
director of the Neonatal-Perinatal Medi-
cine Fellowship at the Children’s Hospital of
Philadelphia, who was not involved in the
study. Because thousands of stool samples
were sequenced from the time the infants
were admitted to neonatal intensive care—
before any were diagnosed with NEC—
researchers were able to study how the in-
fants' gut microbiomes evolved over several

jama.com
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Are human milk oligosaccharides
the magic bullet for necrotizing

enterocolitis?
Michael S. Caplan

There have been no major improvements in the prevention or treatment of
necrotizing enterocolitis (NEC) over the past several decades, and therefore
a‘magic bullet' is urgently needed. However, new data demonstrate that
disialyllacto-N-tetraose levels in breast milk can predict the risk of NEC,

and these findings might provide a strategy for successful intervention.

Refers to Autran, C. A. et al. Human milk oligosaccharide compostion predicts risk of necrotizing enterocolitis in

preterm infants. Gut http://dx doi.crg/10.1136/gutjnl-2016-312819 (2017)

Necrotizing enterocolitis (NEC) is an acute,
inflammatory necrosis of the intestine that pri-
marily affects premature infants and continues
to account for substantial morbidity and mor-
tality in neonatal intensive care units world-
wide. Despite >30 years of intensive research,
the precise aetiology of this disease remains
unknown, although studies suggest that intes-
tinal dysbiosis, unbalanced inflammatory
responses and accentuated cell death contrib-
ute to the development of this unique disease
(FIG. 1). Unfortunately, fully effective preventive
and treatment approaches are unavailable'.
Nonetheless, human milk has long been known
to reduce the risk of NEC compared with infant
formula, yet the specific factor(s) responsible
for this effect are not well delineated”. Now,
in new research published in Gut, Autran
et al.’ demonstrate that one specific human
milk oligosaccharide (HMO), disialyllacto-N-
tetraose (DSLNT), had lower levels in breast
milk fed to babies who developed NEC than
in breast milk fed to age-matched healthy con-
trols. The implication is that milk DSLNT levels
might be an effective biomarker to identify
infants at high-risk of NEC and that DSLNT
supplementation could ultimately prove to be
an effective preventive strategy.

HMOs are a diverse group of complex gly-
cans with multiple effects and are the third
largest component of human milk‘. HMOs

stimulate the growth of beneficial intestinal
commensal bacteria such as Bifidobacteria
spp., and many randomized trials and meta-
analyses have demonstrated that probiotic
supplementation can reduce the risk of NEC in
preterm infants’. In addition, specific isotypes
of HMOs, of which >150 exist, bind to vari-
ous microbial pathogens in a specific manner
and this process might reduce the inflam-
matory response to bacteria at the mucosal

Intestinal dysbiosis '
Microbiota P

surface. A previous study from authors of
the new research demonstrated that DSLNT
supplementation reduced the risk of NEC
in a neonatal rat model, whereas all other
HMOs had much less or no effect”. The latest
study demonstrating that low milk DSLNT
levels are associated with NEC in humans
supports the animal observations and has
provocative implications.

An urgent need exists to identify a reliable
biomarker for NEC that can be measured
before the onset of clinical symptoms and
signs. Many representative molecules have
been evaluated, including faecal calprotectin,
intestinal fatty acid binding protein, platelet
activating factor, among others’. However,
the specificity, sensitivity and, more impor-
tantly, the positive and negative predictive
values have not been robust enough to reli-
ably identify clinically significant cases of
NEC'. Furthermore, biomarker development
has been hampered by imprecise definitions
and categorization of NEC, which currently
depends on the modified Bell Staging system
and is not a reliable differentiator between
NEC and a variety of acquired intestinal
pathologies of the neonate, such as spontane-
ous intestinal perforation, cow’s milk pro-
tein allergy or feeding intolerance®. Notably,
of the cases included in Autran et al.’, 3 of
10 patients might not be ‘true’ NEC at all,
and might represent feeding intolerance
or dysmotility.
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of necrotizing enterocolitis. Possible
mechanisms for how d|5|alyllacto-N-tetraose (DSLNT) might inhibit necrotizing enterocolitis are
shown, including via the gut microbiota, inflammatory responses and impaired microcirculation.
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ICATED TO THE HEALTH OF ALL CHILDREN

Organizational Principles to Guide and Define the Child
Health Care System and/or Improve the Health of all Children

POLICY STATEMENT

Breastfeeding and the Use of Human Milk

Recommendations on Breastfeeding Management for Preterm Infants

1

« All preterm infants should receive human milk.
Human milk should be fortified, with protein,

minerals, and vitamins to ensure optimal nutrient
intake for infants weighing <1500 g at birth.

« Pasteurized donor human milk, appropriately
fortified, should be used if mother’s own milk is
unavailable or its use is contraindicated.

Arslanoglu S
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SociETY COMMENTARY

Donor Human Milk for Preterm Infants: Current Evidence
and Research Directions

“Sertac Arslanoglu *Willemijn Corpeleijn, *Guido Moro, Christian Braegger,
ICristina Campoy, "Virginie Colomb, *Tamas Decsi, **Magnus Domelldf, ""Mary Fewtrell,
Hhva Hojsak, S Walter Mihatsch, |”|Chrzstzan Molgaard, "Raanan Shamir, *Dominique Turck, and
*Johannes van Goudoever, ESPGHAN Committee on Nutrition

ABSTRACT

The Committee on Nutrition of the European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition aims to document the existing
evidence of the benefits and common concerns deriving from the use of
donor human milk (DHM) in preterm infants. The comment also outlines
gaps in knowledge and gives recommendations for practice and suggestions
for future research directions. Protection against necrotizing enterocolitis is
the major clinical benefit deriving from the use of DHM when compared
with formula. Limited data also suggest unfortified DHM to be associated
with improved feeding tolerance and with reduced cardiovascular risk
factors during adolescence. Presence of a human milk bank (HMB) does
not decrease breast-feeding rates at discharge, but decreases the use of
formula during the first weeks of life. This commentary emphasizes that
fresh own mother’s milk (OMM) is the first choice in preterm infant feeding
and strong efforts should be made to promote lactation. When OMM is not

guidelines. Storage and processing of human milk reduces some biological
components, which may diminish its health benefits. From a nutritional point
of view, DHM, like HM, does not meet the requirements of preterm infants,
necessitating a specific fortification regimen to optimize growth. Future
research should focus on the improvement of milk processing in HMB,
particularly of heat treatment; on the optimization of HM fortification; and
on further evaluation of the potential clinical benefits of processed and
fortified DHM.

Key Words: donor milk, human milk, human milk banking, pasteurization,
preterm infant

(JPGN 2013;57: 535-542)
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Recommendations

1. OMM is the first choice in preterm infant feeding, and strong
efforts should be made to promote lactation.

2. When mother’s milk is not available, DHM is the preferred
choice. When mother’s milk and DHM are not available, PF
should be used.

3. No DHM should be provided outside the organization of an
established HMB.

4. Adequate screening of donors and pasteurization of the donor
milk should be performed.

5. DHM should be fortified to meet early nutrient requirements
and achieve better short-term growth, which is associated with
improved neurocognitive outcome. Individualized fortification
is advised.




Human Milk in Feeding Premature Infants: From

Tradition to Bioengineering

Proceedings of a Consensus Development Conference—EXPO
2015, Milan, Italy, May 15-16

*Guido E. Moro, 'Sertac Arslanoglu, *Enrico Bertino, SLuigi Corvaglia, 'Rosario Montirosso,
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POLICY STATEMENT

Organizational Principles to Guide and Define the Child
Health Care System and/or Improve the Health of all Children

Breastfeeding and the Use of Human Milk

SECTION ON BREASTFEEDING

KEY WORDS
breastfeeding, complementary foods, infant nutrition, lactation,
human milk, nursing

ABBREVIATIONS

AAP—American Academy of Pediatrics
AHRQ—Agency for Healthcare Research and Quality
CDC—Centers for Disease Control and Prevention
Cl—confidence interval

CMV-—cytomegalovirus

DHA—docosahexaenoic acid

NEC—necrotizing enterocolitis

OR—odds ratio

$SIDS—sudden infant death syndrome
WHO—World Health Organization

This document is copyrighted and is property of the American
Academy of Pediatrics and its Board of Directors. All authors
have filed conflict of interest statements with the American
Academy of Pediatrics. Any conflicts have been resolved through
a process approved by the Board of Directors. The American
Academy of Pediatrics has neither solicited nor accepted any
in the 1t of the content of

this publication

o)

Breastfeeding and human milk are the normative standards for infant
feeding and nutrition. Given the documented short- and long-term med-
ical and neurodevelopmental advantages of breastfeeding, infant nu-
trition should be considered a public health issue and not only
a lifestyle choice. The American Academy of Pediatrics reaffirms its
recommendation of exclusive breastfeeding for about 6 months, fol-
lowed by continued breastfeeding as complementary foods are intro-
duced, with continuation of breastfeeding for 1 year or longer as
mutually desired by mother and infant. Medical contraindications to
breastfeeding are rare. Infant growth should be monitored with the
World Health Organization (WHO) Growth Curve Standards to avoid mis-
labeling infants as underweight or failing to thrive. Hospital routines
to encourage and support the initiation and sustaining of exclu-
sive breastfeeding should be based on the American Academy of
Pediatrics-endorsed WHO/UNICEF “Ten Steps to Successful Breastfeed-
ing.” National strategies supported by the US Surgeon General’s Call
to Action, the Centers for Disease Control and Prevention, and The

FROM THE AMERICAN ACADEMY OF PEDIATRICS

« All preterm infants

should be fed human
milk.

Human milk should

SociETy COMMENTARY

Donor Human Milk for Preterm Infants: Current Evidence
and Research Directions
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ABSTRACT

The Committee on Nutrition of the European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition aims to document the existing
evidence of the benefits and common concerns deriving from the use of
donor human milk (DHM) in preterm infants. The comment also outlines
gaps in ge and gives for practice and suggestions
for future research directions. Protection against necrotizing enterocolitis is
the major clinical benefit deriving from the use of DHM when compared
with formula. Limited data also suggest unfortified DHM to be associated
with improved feeding tolerance and with reduced cardiovascular risk
factors during adolescence. Presence of a human milk bank (HMB) does
not decrease breast-feeding rates at dis but the use of
formula during the first weeks of life. This commentary emphasizes that
fresh own mother’s milk (OMM) is the first choice in preterm infant feeding

and strong efforts should be made to promote lactation. When OMM is not
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guidelines. Storage and processing of human milk reduces some biological
components, which may diminish its health benefits. From a nutritional point
of view, DHM, like HM, does not meet the requirements of preterm infants,
necessitating a specific fortification regimen to optimize growth. Future
research should focus on the improvement of milk processing in HMB,

icularly of heat on the optimization of HM fortification; and
on further evaluation of the potential clinical benefits of processed and
fortified DHM.

Key Words: donor milk, human milk, human milk banking, pasteurization,
preterm infant

(JPGN 2013;57: 535-542)

be fortified for the
infants < 1800 g.

« When breast milk is
unavailable donor
milk should be used.
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ABSTRACT

The Committee on Nutrition of the European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition aims to document the existing
evidence of the benefits and common concerns deriving from the use of
donor human milk (DHM) in preterm infants. The comment also outlines
gaps in knowledge and gives recommendations for practice and suggestions
for future research directions. Protection against necrotizing enterocolitis is
the major clinical benefit deriving from the use of DHM when compared
with formula. Limited data also suggest unfortified DHM to be associated
with improved feeding tolerance and with reduced cardiovascular risk
factors during adolescence. Presence of a human milk bank (HMB) does
not decrease breast-feeding rates at discharge, but decreases the use of
formula during the first weeks of life. This commentary emphasizes that
fresh own mother’s milk (OMM) is the first choice in preterm infant feeding
and strong efforts should be made to promote lactation. When OMM is not

guidelines. Storage and processing of human milk reduces some biological
components, which may diminish its health benefits. From a nutritional point
of view, DHM, like HM, does not meet the requirements of preterm infants,
necessitating a specific fortification regimen to optimize growth. Future
research should focus on the improvement of milk processing in HMB,
particularly of heat treatment; on the optimization of HM fortification; and
on further evaluation of the potential clinical benefits of processed and
fortified DHM.

Key Words: donor milk, human milk, human milk banking, pasteurization,
preterm infant

(JPGN 2013;57: 535-542)
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CONCLUSIONS, RECOMMENDATIONS,
FUTURE RESEARCH DIRECTIONS

Conclusions

Based on the evidence presented in this Comment, the
European Society for Paediatric Gastroenterology, Hepatology,
and Nutrition Committee on Nutrition concludes the following:

1. DHM is associated with reduced NEC rates compared with
cow’s milk—based formula.

2 Unfortified DHM, like HM., is associated with slower neonatal
growth when compared with PF.

3. Appropriately handled and pasteurized DHM is micro-
biologically safe.

4. Presence of an HMB does not decrease the breast-feeding rates
at discharge, but may decrease formula use during the first
weeks of life.
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Impact of Donor Milk Availability
on Breast Milk Use and
Necrotizing Enterocolitis Rates

Agata Kantorowska, BS,? Julia C. Wei, MPH.® Ronald S. Cohen, MD,¢ Ruth A.
Lawrence, MD,® Jeffrey B. Gould, MD,52 Henry C. Lee, MD, M3®#

OBJECTIVES: To examine the availability of donor human milk (DHM) in a population-based
cohort and assess whether the availability of DHM was associated with rates of breast milk
feeding at NICU discharge and rates of necrotizing enterocolitis (NEC).

METHODS: Individual patient clinical data for very low birth weight infants from the California
Perinatal Quality Care Collaborative were linked to hospital-level data on DHM availability
from the Mothers’ Milk Bank of San José for 2007 to 2013. Trends of DHM availability were
examined by level of NICU care. Hospitals that transitioned from not having DHM to having
DHM availability during the study period were examined to assess changes in rates of
breast milk feeding at NICU discharge and NEC.

RESULTS: The availability of DHM increased from 27 to 55 hospitals during the study

period. The availability increased for all levels of care including regional, community, and
intermediate NICUs, with the highest increase occurring in regional NICUs. By 2013, 81.3%
of premature infants cared for in regional NICUs had access to DHM. Of the 22 hospitals that
had a clear transition to having availability of DHM, there was a 10% increase in breast milk
feeding at NICU discharge and a concomitant 2.6% decrease in NEC rates.

CONcLUSIONS: The availability of DHM has increased over time and has been associated with
positive changes including increased breast milk feeding at NICU discharge and decrease in
NEC rates.
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outcome: 1.25 Necrotising enterocolitis.

Figure 7. Forest plot of comparison: | Formula (term or preterm) versus DBM (unfortified of fortified),

Formula milk  Donor breast milk Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI ABCDEF
1.25.1 Term formula versus unfortified DBM
Gross 1983 3 26 1 41 25% 4.73[0.52 43.09] 1983 @®2722722
Subtotal (95% CI) 26 1M 2.5% 4.73[0.52,43.09] -‘.‘
Total events 3 1
Heterogeneity: Not applicable
Testfor overall effect Z=1.38(P=017)
1.25.2 Preterm formula versus unfortified DBM
Tyson 1983 1 44 0 37 1.8% 2.53[0.11,60.39] 1983 7®@2@®72 72
Lucas 1984b 5 173 2 170 6.5% 2.46([0.48,12.49] 1984 N e — ? . ? . ??
Lucas 1984a 4 76 1 83 31% 437[050, 38.23] 1984 .. ? . o ]
Subtotal (95% CI) 293 290 11.4% 2.99 [0.90, 9.87] "-
Total events 10 3
Heterogeneity: Chi*=0.18, df=2 (P=0.91); F=0%
Test for overall effect. Z=1.80 (P =0.07)
1.25.3 Preterm formula versus fortified DBM
Schanler 2005 10 83 5 78 17.2%  1.77[0.63, 4.96] 2005 —_1T— 9092 2
Cristofalo 2013 5 24 1 29 2.9% 6.04[0.76,48.25] 2013 L1111 &
Corpeleijn 2016 17 180 17 183 56.2%  0.96[0.51,1.83] 2016 —— L1111 B
O'Connor 2016 12 182 3 181 9.8% 3.98([1.14,13.86) 2016 —_— Ll L LT
Subtotal (95% CI) 484 471  86.1% 1.64 [1.03, 2.61] -
Total events 44 26
Heterogeneity: Chi*=6.12, df=3{(F=011), F=51%
Test for overall effect: Z=2.09 (P=0.04)
Total (95% CI) 803 802 100.0% 1.87 [1.23, 2.85] ‘
Total events 57 30
Heterogeneity: Chi*=817, df=7 (P=032),F=14% 0'02 01 10 20

Test for overall effect: Z=2.92 (P =0.004)

Test for subgroup differences: Chi*=1.57, df=2 (P = 0.46), F=0%

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding (performance hias and detection bias)
(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting hias)

(F) Other bias

Favours formula milk Favours hreast milk




NEC

Authors’ conclusions

In preterm and LBW infants, feeding with formula compared with donor breast milk, either as a supplement to maternal expressed

breast milk or as a sole diet, results in higher rates of weight gain, linear growth, and head growth and a higher risk of developing
necrotising enterocolitis. The trial data do not show an effect on all-cause mortality, or on long-term growth or neurodevelopment.
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Abstract

Objective We examined the effect of two strategies to prevent necrotizing enterocolitis (NEC) in extremely low birth weight
(ELBW) infants—adherence to a standardized feeding protocol and use of a hospital-based milk bank to provide exclusive
preterm human milk feedings.

Study design We conducted a single-center observational study from 2010 to 2015. Infants received preterm human milk,
initially trophic feeds from days 7 to 14 after birth, followed by advancement of 15 mL/kg/day to reach a goal of 180 mL/kg/
day. Fortification was used selectively for weight gain <15 g/kg/day. We determined the incidence of NEC, other mor-
bidities, and growth.

Results The cohort included 398 ELBW infants who survived to day 14 without congenital anomalies. Mean gestational
age was 26.2 + 1.9 weeks. Maternal milk was used as the sole feeding in 62% of infants; preterm donor milk was used
solely or as supplement in 29%. Full feeds were reached at a median of 27 (IQR 23, 33) days. Four infants (1%) developed
NEC.

Conclusion Use of standardized feedings with a hospital-based milk bank is associated with an incidence of NEC lower than

previously reported.

Introduction

Although advances in the care of extremely low birth
weight (ELBW) infants have led to improved survival, it
has become increasingly clear that the nutritional man-
agement of these infants plays a large role in their
immediate survival and subsequent growth and develop-
ment. Therefore, nutritional care goals have expanded
from optimizing short term growth to include preventing
feeding-related morbidities such as complications of par-
enteral nutrition, necrotizing enterocolitis (NEC) and
sepsis [1, 2].

NEC is a serious gastrointestinal disease affecting
> 10% of ELBW infants with a mortality of up to 50% [3].
The pathophysiology is poorly understood, but intestinal

B4 Steven J. Gross
StevenGrossMD @crouse. org

! Department of Pediatrics, SUNY Upstate Medical University,
Syracuse, NY, USA

“  Department of N logy. Crouse Hospital, Syracuse, NY, USA

SPRINGER NATURE

immaturity, microbial colonization, hypoxic ischemia,
and diet have all been implicated. Use of human milk
and standardized feedings are the only strategies
that consistently have been shown to decrease the inci-
dence of disease [4, 5]. The continued increase in NEC
suggests that these strategies are not being fully utilized
[6, 71.

Our neonatal intensive care unit (NICU) has been
using a standardized feeding protocol with an emphasis
on human milk for over 20 years. In 1995, we became a
licensed human milk bank, which only accepts donors
that have delivered preterm. All ELBW infants in our
NICU receive preterm human milk—maternal or donor.
They begin enteral feeds 7 days after birth. Trophic feeds
are maintained for 7 days and followed by slow
advancement over the next 10 days [8]. Fortification was
used selectively based on growth after full human milk
feeds were achieved. This protocol has been associated
with a 1% rate of NEC for ELBW infants for over
two decades. In this study, we present detailed
feeding outcomes including the incidence of NEC for
ELBW infants in our regional center over a recent 6-year
period.
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Recommendation and Guidelines for Perinatal Practice

Sertac Arslanoglu?, Guido E. Moro®*, Roberto Belld, Daniela Turoli, Giuseppe De Nisi, Paola
Tonetto and Enrico Bertino

Presence of human milk bank is associated with

elevated rate of exclusive breastfeeding in VLBW
infants




ITALIAN NEONATAL NETWORK-VON
2010 Data

Data from 83 NICUs
participating to VON

Subjects: 4277 VLBW infants

Breastfeeding at discharge
Any
Exclusive
Centers without HMB: 64
3333 infants
Centers with HMB: 19
944 infants
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e The origins of donor milk
banking go back to earlier
times when children were
breast fed by friends,
relatives or strangers - a
practice referred to as "wet
nursing'.

Alexey Venetsianov
Wet-Nurse with a Child, 1830.



Among the wealthy
upper class in European
countries from 1500 to
1700 the hiring of wet
nurses was the norm.




Babylonia 1780 BC

Evidence of the support for "wet nursing" is already
present in the Code of Hammurabi.



Transition from wetnursing to HM
banking in 1909




Theodor
Escherich

(1857-1911)

The first

human milk
bank in

Vienna - 1909




It has been integrated
into the national
strategies to improve
health in the
developed countries.
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Promote breast feeding

Promote the donation of human milk to Human Milk Banks (HMB)
Promote the utilization of donor human milk for premature infants and
other infants with specific needs who do not have access to their own
mother’s milk

Promote milk banking and the establishment of new human milk banks
Promote international co-operation between HMBs and between
National Associations/Groups of Human Milk Banks in Europe
Prepare international and regularly revised guidelines to set standards
for the practice of milk banking

Promote quality control of donor human milk banking among member
banks through adherence to guidelines

Provide a forum for the exchange of information about milk banking

Promote continual education and updating of health and social workers
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Studies carried in the last years have revealed that human milk contains a site-specific
microbiota and constitutes a source of potentially beneficial bacteria to the infant gut.
Once in the infant gut, these bacteria contribute to the assembly of a physiological gut
microbiota and may play several functions, contributing to infant metabolism, protection
against infections, immunomodulation or neuromodulation. Many preterm neonates
are fed with pasteurized donor’s human milk (DHM) or formula and, therefore, are
devoid of contact with human milk microbes. As a consequence, new strategies are
required to allow the exposition of a higher number of preterm infants to the human
milk microbiota early in life. The first strategy would be to promote and to increase the
use of own mother’s milk (OMM) in Neonatal Intensive Care Units (NICUs). Even small
quantities of OMM can be very valuable since they would be added to DHM in order
to microbiologically “customize” it. When OMM is not available, a better screening of
donor women, including routine cytomegalovirus (CMV) screening of milk, may help
to avoid the pasteurization of the milk provided by, at least, a relevant proportion
of donors. Finally, when pasteurized DHM or formula are the only feeding option,
their supplementation with probiotic bacteria isolated from human milk, such as lactic







Take Home Messages

1. Human milk is the best food for all neonates and has
vital importance for sick and preterm infants in NICU

2. Absence of human milk is associated with NEC,
infection, ROP, BPD, mortality, and neurocognitive
deficits

3. OMM is the first choice, every effort should be done
to promote lactation

4. When OMM is not available, DHM is the
recommended choice

5. DHM has to be obtained from HMBanks following
specific guidelines




Take Home Messages ||

5. DHM should be fortified for preterm infants
weighing less than 1800 g

6. Individualized fortification is recommended

7. DHM is pasteurized to ensure microbiological and
viral safety

8. At the moment Holder pasteurization is the best
compromise to ensure safety and attain milk quality

9. New methods are under investigation. Some are
promising (ex:Flash)

10. Cultural, religious believes are not barriers to milk
banking, alternative models are available




Providing human milk for preterm infants
has become a human right to give a good
start to life ...
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