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ABSTRACT 

Breastfeeding and human milk are the normative standards for feeding and nutrition of both term and pre-term infants. 
Fresh mother’s own milk is recognized as the optimal choice for feeding all newborns, including preterm and very low 
birth weight infants. Evidence documents short and long-term metabolic, immunologic and neurodevelopmental advan- 
tages of breastfeeding when compared to formula. Moreover, benefits of breastfeeding on psychological and relational 
aspects have to be considered. Currently, human milk supplementation is usually performed to meet the specific nutri- 
tional requirements of preterm infants. When mother’s milk is unavailable or in short supply, donor milk represents the 
best alternative, although some nutritional elements are inactivated by the necessary pasteurization process. Aim of this 
review is to briefly summarize the main biological and nutritional factors that contribute to the beneficial effects of hu- 
man milk feeding for preterm infants. 
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1. Introduction 

Increasing evidence currently shows that short- and long- 
term benefits of human milk (HM) feeding for term in- 
fants extend also to preterm and very low birth weight 
infants (VLBWIs) [1-3]. Mother’s own milk is thus to be 
considered as the first choice for all infants. In order to 
meet the unique nutritional requirements of preterm in- 
fants and to preserve the singular benefit of breastfeeding, 
HM is recommended to be fortified to allow adequate 
growth and bone mineralization [4-6]. When mother’s 
own milk is not available or in poor quantity, donor human 
milk (DM) represents the second best alternative [7,8]. 

Clinical benefits of donor HM for premature newborns 
were recently surveyed [9]. Feeding preterm infants HM 
is reported to reduce significantly the rates of infection, 
necrotizing enterocolitis (NEC), and mortality, while im- 
proving neurocognitive and cardiovascular outcomes at 
the long-term. 

Aim of this review is to briefly summarize the main 
biological and nutritional factors that contribute to the 
beneficial effects of HM feeding for preterm infants. 

2. Biological Aspects 

Human milk can be considered a species-specific biolo- 

gical “dynamic” system. Particular attention is given to 
bioactive and immunomodulatory factors, such as gastro- 
intestinal hormones, proteins and peptides, oligosaccha- 
rides, nucleotides, growth factors, antioxidants and cel- 
lular components, that can ensure adequate host defense 
against infections, as well as actively modulate the im- 
mune response and modify the intestinal bacterial flora 
[10-12]. 

2.1. Proteins and Peptides 

Among the biologically active components that contrib- 
ute to human milk uniqueness, proteins and peptides are 
known to exert a number of nutritional, immunological, 
antimicrobial and developmental functions. The most 
abundant HM proteins include important enzymes, com- 
ponents of the immune system, and dietary proteins [13- 
16]. 

The immunoprotective protein constituents of HM in- 
clude lysozyme, lactoferrin and immunoglobulins (Ig), 
known to act synergistically against bacteria. These pro- 
teins are present at high concentrations in HM: lysozyme 
is known to degrade the outer cell walls of Gram-nega- 
tive bacteria, lactoferrin has bacteriostatic activity against 
iron-requiring pathogens, and antigen-specific secretory 
IgAs transfer to the newborn mother’s immunity against  *Corresponding author. 
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several general pathogens. Immunoglobulins in HM rep- 
resent the inheritance of mother’s immunological com- 
petence, and allow the immune system of newborns to be 
“boosted” by acquired immunity in the mother [13,16]. 
The presence of these proteins represent a great advan- 
tage for both term and preterm infants, as they guarantee 
a shield for the newborns in an aggressive environment. 
Preterm babies, in particular, having an immature im- 
mune system, may benefit to a greater extend of this 
shield. The loss or the reduction of these immunoprotec- 
tive protein constituents in HM following pasteurization 
is a major cause of skepticism for its suitability in infant 
feeding [17]. 

Other minor HM proteins can also act as components 
of the immune system and/or may display antibacterial 
activity, such as k-casein and haptocorrin [13]. Very re- 
cently, a proteomic research on the low abundance pro- 
teins of term and preterm HM [18] identified 120 pro- 
teins, 20% of total identified proteins, as involved in im- 
mune response. Among these proteins, some were identi- 
fied for the first time in HM, and their possible role for 
the infant is not yet fully characterized. Furthermore, it is 
very interesting to note that several proteins whose abun- 
dance is modified in HM from term to preterm mothers 
are associated with the immune response, such as lacto- 
ferrin and lysozyme, showing an increased concentration 
in preterm milk, and polymeric Ig receptor, lactadherin, 
prolactin-inducible protein, Ig heavy chain, mucin-4, vi- 
tronectin, and C3 complement, more abundant in term 
milk.  

Bioactive peptides exerting different physiological ac- 
tivities can also be generated from HM proteins in the 
gastrointestinal tract. Such peptides are usually encrypted 
within native protein precursors, and proteolysis is re- 
quired for their release. Their small size is an advantage, 
as their intact absorption is more likely than that of the 
larger protein precursors. Bioactive peptides from milk 
can be divided into categories based on their physiologi- 
cal effect: antihypertensive, antithrombotic, opioid, anti- 
microbial, cytomodulatory and immunomodulatory [14]. 
Among HM bioactive peptides, the proteolytic fragments 
of caseins, and especially of β-casein, have been shown 
in experimental systems to have antithrombotic, antihy- 
pertensive, and opioid activities. Also, fragments of α- 
lactalbumin, lactoferrin and HM caseins have been de- 
monstrated to have antimicrobial capacities [13,14]. Bio- 
active peptides that generate from HM proteins represent 
one of the most promising target for research in nutrition. 

2.2. Oligosaccharides and Lactose 

Oligosaccharides have been recently described as impor- 
tant bioactive components in human milk, although they 
were originally isolated mainly as metabolic substrates 
for desired bacteria (and originally referred to as “bifidus  

factors”) [19]. Most updated surveys report that Human 
Milk Oligosaccharides (HMOs) directly act preventing 
pathogen adhesion to infant mucosal surfaces, lowering 
the risk for infections, and modulate epithelial and im- 
mune cell responses [20]. Comparison of the HMO con- 
tent with milk from other species indicates that breast 
milk is unique in terms of complexity and content of oli- 
gosaccharides [21,22]. Qualitatively and quantitatively, 
HMOs presence in milk is strictly related to the expres- 
sion of the mother’s Se and/or Le genes. Substantial dif- 
ferences in HMO contents were found, and 4 different 
milk groups have been described according to the pres- 
ence or the absence of specific fucosyl-oligosaccharides 
[23]. A recent study by Gabrielli and colleagues [24] re- 
ported new data on the oligosaccharide profiles and con- 
centrations in the 4 milk groups. The higher oligosaccha- 
ride content in milk from mothers of preterm infants 
compared with those of term infants enforce the use of 
breastfeeding for preterm infants, who suffer from a 
greater risk of contracting infections, due to the immatur- 
ity of their organs and systems. The different HMO con- 
centrations in preterm and term milk might represent a 
programmed adaptation of milk composition to the spe- 
cific needs of the infants. The same survey also described 
a lower lactose concentration in milk from mothers of 
preterm newborns [24]. Low lactose concentrations in 
milk might have positive effects in preterm nutrition, be- 
cause it contributes to lower milk osmolality. Low levels 
also might represent lower substrate levels for the de- 
velopmental lactase deficiency that is common among 
these newborns [25]. 

2.3. Oxidative Stress Response 

Preterm infants, who have a reduced antioxidant capacity, 
are often exposed to oxidative stress caused by infection, 
oxygen, mechanical ventilation, intravenous nutrition, 
and blood transfusions. Many of the disorders of preterm 
infants are thought to be due to this imbalance between 
antioxidant capacity and oxidative stress [26,27]. HM 
antioxidant components include the enzymes superoxide 
dismutase for dismutation of superoxide anion, catalase 
for degradation of hydrogen peroxide (H2O2), glutathione 
peroxidase for destruction of H2O2, organic peroxides, 
and other oxygen scavengers, including cysteine and vi- 
tamins C and E [27]. Commercially available formula 
milks used in feeding preterm infants are also usually 
added with antioxidants in high amounts, such as vita- 
mins E and A. The efficacy of these supplemented anti- 
oxidants in scavenging free radicals has been frequently 
questioned in the past. No univocal response has been 
found yet, as methods for determining oxidative stress 
may vary according to the research group, the considered 
parameters and the methods of analysis. 
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In the past, preterm and term HM have been found to 
have equal resistance to oxidative stress [28,29], better 
antioxidant protection [28,29] and less oxidative damage 
[30] than formulas. Other research groups, on the oppo- 
site, found no difference in total antioxidant capacity be- 
tween formula and HM or higher lipid peroxidation pro- 
ducts in HM [31,32]. No significant difference was also 
found in the past in urinary MDA concentrations be- 
tween healthy breast milk and formula fed infants [33].  

As a general point of interest, the main advantage of 
feeding term and preterm infants with HM may consist in 
the complexity of the antioxidant strategies triggered. 
HM contains both hydrophilic and lipophilic antioxidants, 
including several vitamins, and a complete range of an- 
tioxidant enzymes, while formulas are supplemented for 
only few antioxidants, such as vitamin E. 

3. Nutritional Aspects 

3.1. HM and the Use of Fortification 

For its nutritional qualitative advantages, HM is nowa- 
days universally recognized as the optimal feeding choice 
for every infant [12]. However, for use in preterm in- 
fant feeding, nutrient supplementation is often recom- 
mended. Indeed, after the first weeks, the protein content 
of human milk is too low to permit adequate growth. 
Moreover, its low sodium level may lead to hyponatrae- 
mia, and the amounts of calcium and phosphorus could 
be below the intake needed to achieve fetal rates of bone 
mineral accretion [34]. Kuschel [4] and McCormick [35], 
in two recent surveys, agree that fortification of HM with 
more than one nutritional component is associated with 
short-term improvements in weight gain, linear and head 
growth. Further research should be directed toward com- 
parisons between different fortifiers, evaluating both 
short-term and long-term outcomes and adverse effects, 
to evaluate an “optimal” composition of fortifiers [4,35]. 
The optimal method for HM fortification still remains to 
be determined, and a great variety of protocols are cur- 
rently used in neonatal intensive care units (NICUs). HM 
protein content after standard fortification is too low to 
meet the recommended intake for preterm infants in ap- 
proximately half of the cases [36]. Low protein intake 
has been proven to be the primary limiting factor respon- 
sible for growth failure of preterm infants. Fortification is 
usually based on the standard assumptions about the 
composition of HM. However, the protein concentration 
of preterm HM is variable, and decreases with the dura- 
tion of lactation. Recently, better results have been ob- 
tained with individual fortification of human milk, that 
compensates for the variability of expressed HM compo- 
sition, especially for protein and fat content. The two in- 
dividual fortification models currently in use are “adju- 
stable fortification”, based on the infant’s metabolic res- 

ponse, and “targeted fortification”, based on the HM ana- 
lysis and on its fortification in such a way that each in- 
fant always receives the amount of needed nutrients [5]. 

Beside the total nutrient intake, another limiting factor 
for the developmental outcome of the newborns is related 
to the quality of both the protein and lipid fractions. The 
composition of these nutrient groups may have an influ- 
ence on the feeding tolerance and on the absorbance of 
the supplied nutrients. 

3.2. Lipid Fraction 

An important nutritional attribute of human milk consists 
in its unique lipid profile and, in particular, in its n-6 and 
n-3 long chain polyunsaturated fatty acid (LC-PUFA) 
contents. Arachidonic acid (AA) and docosahexanoic 
acid (DHA) are essential to normal infant growth in the 
first year [37], and to retina and brain development [38]. 
Premature infants may suffer from reduced availability of 
AA and DHA to a greater extent than term infants, as 
80% of these PUFAs accumulate during the last 3 months 
of pregnancy [39], and therefore have higher LC-PU-FA 
requirements. The importance in acquiring an adequate 
amount of these essential PUFAs is highlighted also by 
their common addition in infant formulas. Although the 
benefits of LC-PUFAs or fish-oil supplementation to mo- 
thers during pregnancy are noteworthy, no evidence of a 
positive effect of LC-PUFA supplementation on neuro- 
developmental outcome of preterm infants is available 
[40]. Medium-chain saturated fatty acids (C 10-C14) are 
also considered of primary importance for infant nutri- 
tion, and especially for preterm newborns, as they are 
more easily absorbed than long-chain fatty acids [41]. 
However, a high rate of carbohydrate and lipid supply for 
preterm infants, based on the incomplete assumption that 
this is necessary to promote growth, tends to produce 
increased fat for organs like liver and heart, and more 
adipose tissue, which has no known benefit and many 
problems. Overfeeding with a higher quantity of lipids 
and carbohydrates has the definite potential to produce 
adipose tissue, or obesity, which then leads to insulin re- 
sistance, glucose intolerance, and diabetes [42]. 

3.3. Protein Fraction 

As for HM lipids, the composition of the protein fraction, 
jointly with protein concentration, may have an influence 
on the infant development. Human and bovine milk dis- 
play a significant difference in the ratio of whey proteins 
to caseins (60:40 in HM and 20:80 in bovine milk) and in 
the proportions of specific proteins. Moreover, HM was 
previously reported to change this ratio according to lac- 
tation period (about 90:10 in early lactation, 60:40 in ma- 
ture milk and 50:50 in late lactation) [43]. The differ- 
ences in the protein profiles of HM and infant formula 
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have an impact on amino acid profiles, since different 
proteins have different essential amino acid contents, dif- 
ferent biological value, and different bioavailability. 
Moreover, the use of protein supplements derived from 
non-human sources, such as plant or cow’s milk proteins, 
may contribute to adverse reactions, such as allergy de- 
velopment. 

HM proteins may contribute to infant growth also 
from another point of view: proteins may act as enzymes 
and/or carriers, and may thus facilitate the absorbance of 
other essential nutrients [13]. Bile salt-stimulated lipase, 
for example, is a lipolytic enzyme whose activity is trig- 
gered by the presence of bile salts in the infant’s gut, that 
may help the digestion of HM lipids. Its presence, spe- 
cific for milk from higher mammals, is particularly im- 
portant in preterm infants, who have an immature diges- 
tive system [44, unpublished]. Lactoferrin facilitates the 
uptake of iron by human intestinal cells in culture [45]. 
Haptocorrin, or vitamin B-12-binding protein, and folate- 
binding protein may allow a gradual release and absorp- 
tion of vitamins in infant’s gut [13]. 

4. Donor Human Milk 

American Academy of Pediatrics in its last policy state- 
ment on breastfeeding recommends that pasteurized DM, 
appropriately fortified, should be used if mother’s own 
milk is unavailable or its use is contraindicated [1]. In 
many countries, HM banking is well established and 
standardized, and donor HM has become a health care 
component for preterm infants [2,46,47]. Pasteurization 
of HM is necessary to inactivate most of viral and bacte- 
rial agents. However, pasteurization inactivates some of 
the nutritive and biologically active compounds of HM 
[10-17,48], which are considered to be responsible for its 
clinical benefits. 

The main benefit deriving from the use of DM (vs for- 
mula milk) in preterm infant feeding is the reduction of 
the NEC incidence as indicated in three recent meta-ana- 
lyses [49-51]. A reduction in the incidence of sepsis and 
of bronchopulmonary dysplasia as well as an enhanced 
feeding tolerance have also been observed [2,8]. How- 
ever, further studies are necessary to confirm these data. 
Moreover, additional randomized controlled trials are 
needed to compare feeding with formula versus nutrient 
fortified DM, and also comparisons of formula and DM 
as supplements to maternal milk are desirable, since their 
effects may be different [51]. Analysis of costs and eva- 
luation of acceptability are also required, in particular to 
explore different cultural, religious and social attitudes to 
DM [8,52]. 

Specific Guidelines have been prepared as a tool to 
optimize the operation of existing Human Milk Banks by 
standardizing their organization, management and proce- 
dures, and to determine the essential requirements to es- 

tablish a new Bank [2]. DM banks are not only meant to 
collect, process and store donated milk, but they also re- 
present an instrument for breastfeeding promotion and 
support. In Italy, data from the Italian Neonatal Network 
show that in NICUs, exclusive breastfeeding at discharge 
is achieved for nearly 30% of infants when banked milk 
is available during hospitalization, whereas only for 16% 
of infants when it is not [53]. 

The role of health care workers, including pediatri- 
cians, is to protect, promote, and support breastfeeding. 
Health care workers should be trained in breastfeeding 
issues and counseling, and they should encourage prac- 
tices that do not undermine breastfeeding. It is a health 
care paradox that breastfeeding is not adequately pro- 
moted and supported for preterm newborn infants admit- 
ted to NICU [54]. 

5. Conclusion 

The importance of nutrition in the early period of life is 
now accepted, and the term “programming” has been pro- 
posed to emphasize that early nutrition should be con- 
sidered also in terms of potentially long-lasting or lifelong 
biological effects [34]. A recent multicenter Italian study 
reported that breastfeeding and human milk use among 
the NICU infants at discharge are limited [55]. So, all ef- 
forts should be done for promoting and supporting breast- 
feeding in preterm newborn infants, as an extension of na- 
tional breastfeeding policies. 
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