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Abstract
The number of infants born preterm including extremely premature babies is rising worldwide, particularly in low- and middle-
income countries, which challenge neonatologists and milk banks for the provision of the most adequate nutrition for successful
infant’s growth and development. The benefits of mother’s own milk (MOM) have been extensively recognized, but the use of
donor milk (DM) is a commonly routine practice in preterm neonates admitted to the NICU. Pasteurized mature milk from milk
banks is not the same composition than the mother’s colostrum and premature milk, the characteristics of which protect the infant
from the risk for necrotizing enterocolitis, late-onset sepsis, and other comorbidities associated with prematurity. The develop-
ment of a personalized nutrition unit (PNU) allows to obtain DM from mothers who have their infants admitted to the NICU and
produce an excess of milk, a practice that matches MOM by gestational age and the stage of lactation, ensuring an adequate
composition of DM to target the nutritional requirements of premature infants.

Conclusion: This narrative review presents salient data of our current knowledge and concerns regarding milk feeding of
preterm infants in the NICU, with special emphasis on personalized DM as a result of establishing a PNU.
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Abbreviations
DM Donor milk
IgA Immunoglobulin A

HMOs Human milk oligosaccharides
HoP Holder pasteurization
HPP High-pressure processing
HTST High-temperature short-time
LOS Late-onset sepsis
NEC Necrotizing enterocolitis
NICU Neonatal intensive care unit
MOM Mother’s own milk
PNU Personalized nutrition unit

Introduction

Every year, an estimated 15 million babies are born preterm
and these numbers are rising [1, 2]. Appropriate nutrition is a

What is Known:
• Donor milk bank is mature or pooled milk from lactating mothers at different stages of lactation.
• Milk composition varies by gestational age and stage of lactation.
What is New:
• Donor milk from mothers delivered prematurely have the most adequate composition for preterm infant feeding.
• Personalized nutrition for premature infants with preterm donor milk is feasible.
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critical factor in efforts to improve survival and outcomes of
extremely and very preterm babies [3–5]. The mother’s own
milk (MOM) composition differs from mature or term human
milk, and these differences far from being an inconvenient
should be viewed as an advantage due to individual charac-
teristics in the content of most of nutrients and other important
components [6]. If pasteurized human donor milk (DM)
should be given, a DM milk from a similar gestational and
lactation stage would be the best option. However, most of the
standard human milk banks use a composite of pooled
expressed term milk at any times over lactation, and in many
cases, mature milk is far from having the characteristics of the
MOM of extremely or very preterm infant [7, 8]. In these
circumstances, a personalized premature DM would be an
ideal approach. This narrative review aims to give an over-
view of current knowledge and concerns regarding milk feed-
ing of preterm infants in the NICU, with special emphasis on
personalized DM.

Differences in the composition of preterm
milk and term milk

Low protein intake is the primary limiting factor for growth
failure in preterm infants, and the mother of a premature infant
produces individualized breast milk to the infant for a better
nutrition due to the higher protein needs. In 1980, Schanler
and Oh [9] already showed that the total content of nitrogen in
the milk of mothers of premature infants was significantly
higher during the initial 2 weeks of lactation and regressed
towards termmilk by 1month. They also noted the lower milk
volume consumed by preterm babies as compared with the
mothers’ supply, suggesting the possibility of storing and
using this excess of mothers’ milk to feed premature infants
as the best possibility to ensure a positive nitrogen balance. In
a longitudinal analysis of breast milk from 102 mothers who
had delivered preterm infants and from 10 mothers who had
delivered term infants, the more immature the breast milk, the
higher protein content, with an average of protein in preterm
infants of < 28-week gestation of 2.3 ± 0.5 g/dL, compared
with 1.9 ± 0.3 g/dL at 32–33 weeks [10]. In a meta-analysis of
41 observational studies, protein and fat content was higher in
breast milk of preterm infants compared with full-term new-
borns during the first 10–12 weeks of lactation [11].

Free amino acids play an important role in postnatal develop-
ment [12], with glutamic acid and glutamine comprising nearly
50% of total free amino acid content of breast milk [13]. In a
systematic review of preterm and term human milk based on 83
studies, the majority of the variation in amino acid composition
was caused by the stage of lactation, with glutamine 20 times
higher in mature milk and its lowest value in colostrum [14]. Of
the only six studies with data of free amino acids from preterm
milk (average 12.5 postpartum days), total amino acids and total

nitrogen levels were higher in preterm milk, with a significantly
greater content in valine, threonine, and arginine, with the excep-
tion of glutamine, which was significantly lower by nearly one-
half in preterm than term human milk. Therefore, preterm milk
may be a more appropriate source of protein and certain amino
acids than term milk to accommodate for the rapid growth rates
of premature infants [14].

Lipid composition of beast milk is also influenced by ges-
tational age at bith, with differences in the profiles of lipid
classes and fatty acid and triglyceride contents of colostrum
[15]. In a longitudinal study of lactating mothers, including 27
preterm deliveries (gestational age 30.8 ± 1.4 weeks) and 34
term deliveries (gestational age 39.5 ± 1.0 weeks), total lipids
varied from an mean of 2.4 to 1.7 g/100 mL in preterm versus
term colostrum, and from 3.1 to 3.6 g/100 mL in preterm
versus term mature milk, with significant differences in total
lipid content in mature milk only. A higher content of saturat-
ed fatty acids with a major contribution of medium chain fatty
acids was found in preterm milk. These differences in total
lipids and fatty acids support that human milk from mothers
with preterm deliveries collected in milk banks would be more
appropriate if DM should be given to preterm babies as sup-
plemental or full feeding methods.

Humanmilk oligosaccharides (HMOs) are non-digestible car-
bohydrates that act as bioactve compouns and exert multiple
beneficial functions, such as support of colonization of the gut
microbiota, reduction of pathogenic infections, and support of
immune development [16]. All HMOs are synthesized in the
mammary gland, with higher concentrations during the early
stages of lactation and gradual decrease over time. HMO catego-
ries include fucosylated neutral HMOs, sialylated acidic HMOs,
and non-fucosylated neutral HMO, with diversity of HMO based
on genetic background of the mother, which includes combina-
t ions of the FUT2 or secretor gene that encode
flucosyltransferase-2 and the FUT3 gene that encodes
flucosyltransferase-3 (Lewis blood group) [17, 18]. In European
countries, 77% of the population is expected to be FTU2 secretor
positive [19], and it is possible that milk from non-secretor
mothers may be less protective against necrotizing enterocolitis
(NEC) thanmilk from secretor mothers [20]. Delayedmaturation
of microbiota is a potential risk factor for NEC, and human milk
rich in fucosylated neutral HMOs has protective effects against
alterations in the intestinal microbiota (dysbiosis) [21]. Holder
pasteurization (HoP) does not modifyHMO content inmilk from
mothers delivered at 23 and 36-week gestation, so their biological
value and potential benefits in preventing NEC and other
mobidities of prematurity are maintaned in DM [22].

Mother’s own milk in preterm infants

Benefits of feeding premature infants with MOM are associated
with componentes of colostrum [23] (e.g., epidermal growth
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factor and transforming growth factor-α); the concentration of
trophic peptides in milk from mothers of extremely preterm in-
fants (23–27 weeks) is higher than in preterm and full-term milk
throughout the first month of lactation, with significant healing
effects on injured gastrointestinal mucosa [24].

When preterm infants are fed with MOM, there is a reduc-
tion in the ocurrence of NEC and/or late-onset sepsis of up to
50% as compared with infants fed with DM or preterm for-
mula milk [25, 26]. In a systematic review and meta-analysis
of human milk feeding and morbidity in very-low-birth-
weight (VLBW) infants, including 6 randomized trials
(RCTs) with 1472 infants and 43 observational studies with
14,950 infants, the administration of either exclusive human
milk or any human milk compared with exclusive preterm
formula reduced NEC [27]. Moreover, a higher proportion
of human milk was more effective than lower amounts with
a 4% absolute risk reduction in any NEC. Human milk also
showed a possible reduction in late-onset sepsis, severe reti-
nopathy of prematurity, and severe NEC. However, differ-
ences between unpasteurized and pasteurized human milk
on any or severe NEC were not found [27]. In a meta-
analysis of observational studies, DM supplementation re-
duced bronchopulmonary dysplasia, although in the same
study, the meta-analysis of RCTs could not demonstrate that
s u p p l em en t a t i o n o f MOM w i t h DM r e d u c e d
bronchopulmonary dysplasia when compared with preterm
formula [28]. It has been reported that preterm infants of 28
to 32 weeks benefit more than those under 28 when using DM
in terms of NEC reduction [29]. On the other hand, a less
protective effect of pasteurized DM compared with MOM
has ben proposed, supporting in part the different effect on
some of the morbidities of preterm infants fed with pasteur-
ized DM, as most of the anti-inflammatory cytokines are lost,
except for the pro-inflammatory cytokine IL-8 [30].

In relation to bioactive compounds found in breast milk, the
most oustanding are antioxidants, the highest levels of which are
found in the colostrum and decreasing along the lactation period.
Levels are also higher in preterm as compared with full-term
milk [31], probably indicating the need of a greater protection
during the first days after delivery, mostly in preterm infants.

Finally, in a recent study of the microbiota in the preterm
mother’s milk, the temporal dynamics of microbial communi-
ties in 490 breast milk samples from 86 mothers of preterm
infants (born < 1250 g, mean 27.6 ± 2.6 weeks of gestation)
were characterized [32]. It was found that the microbial signa-
ture was unique to each mother and changed over time. This is
a relevant finding reinforcing the importance of MOM feeding.

Composition of human milk banks

The majority of human milk banks have donors of at least 15
days after delivery, with around 3 months of the infant’s life at

the beginning of donation. Consequently, most of all pasteur-
ized milk is mature. In addition, pooled milk is used to include
milk donors at different stages of lactation. Standardized
pooling practice, however, helps to homogenize the macronu-
trient content and standard fortification, but concerns remain
regarding the adequacy of pasteurized human DM as a sole
source of nutrition for premature infants [33]. If unfortified
milk is used, the median feeding volumes to reach protein
targets of 3.5 to 5.0 g/kg range between 269 and 490 mL/kg
of body weight, with lower volumes required for transitional
milk compared with mature milk due to the higher protein
content during the transitional stage [34].

Standard fortification usually fails to supply enough pro-
tein content to reach the recommendation of 3.5–4.5 g/kg/day
for VLBW infants [35], and slow growth rates have been
reported in VLBW infants fed with standard fortification of
human milk [36]. Targeted fortified DM is the preferred mode
of fortification [37], although the high variability of macronu-
trient content among mothers of VLBW infants may be an
inconvenience [38]. Most of the target fortification is done
by 2-week analysis of macronutrient content [39]. In a com-
parative study of targeted and standard fortification of human
milk in preterm infants, weekly weight gain and daily growth
rates were higher in the target fortification group than in in-
fants receiving standard fortification, with an adequate meta-
bolic tolerance and osmolarity of the brest milk of 300 ± 16
mOsm/kg and 376 ± 66 mOsm/kg before and after fortifica-
tion, respectively [37].

In a systematic review of 12 RCTs or quasi-RTC studies
comparing feeding with formula versus DM in 1879 preterm
or VLBW infants, formula-fed infants showed higher in-
hospital rates of weight gain, linear growth, and head growth,
although formula feeding increased the risk of NEC [40]. In a
meta-analysis of studies adressing the association between
DM and surgical NEC, a clear protective effect of DM on
the surgical cases of NEC as compared with preterm formula
was not found [41]. In a multicenter, double-blind randomized
clinical trial in 373 VLBW infants, there were no significant
differences between pasteurized DM and preterm formula for
preventing serious infections, NEC, and all-cause mortality
during the first 10 days of life [42].

However, DM presents some limitations in relation to the
impact of different methods of pasteurization on bioactive
substances contained in human fresh milk. In a study of 48
human milk samples, both HoP and flash methods of pasteur-
ization showed significan reduction of Escherichoa coli
growth, but the bactericidal activity of human milk was better
preserved by the HoP technique [43]. In another study, the
analysis of human milk samples over 6 months of lactation
before and after HoP showed that HoP reduced human milk
lactoferrin, immunoglobulin fractions, and glutathione perox-
idase activity [44]. These compounds should be replaced by
milk banks after the HoP step to recover lost functionality
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[44]. In a comparison of HoP and high-temperature short-time
(HTST) pasteurization methods on the protein profile of hu-
man milk, HTST seemed to better retain some key active
componente of DM, including bile salt-stimulated lipase,
lactoferrin, and, to some extent, immunoglobulin A (IgA)
[45]. In a recent study that compared HoP with HTST and
high-pressure processing (HPP) methods, lactoferrin and se-
cretory IgA were preserved by HTST, but significantly re-
duced with HPP only, whereas lactoferrin was markedly re-
duced by HoP and HTST, and preserved by HPP [46].
Variations in protein profiles were observed for all processing
techniques, being more relevant for HoP. All three methods
lowered untreated human milk microbial counts. However,
further studies are needed at characterizing residual protein
bioactivity with HTST and HPP processing methods. At pres-
ent, HTST and HPP are considered as the most promising
alternatives to HoP for DM banks.

Preterm donor milk for premature infants

Due to the high interindividual variability and the specific
characteristics of the preterm human milk, mostly during the
first week after delivery, an attractive possibility based on
these physiological aspects is to supply with preterm DM to
those immature infants who need supplemental milk. As most
standard milk banks use mature human milk, and in most
cases from term milk, the use of preterm DM at a similar
gestational age and stage of lactation could be more beneficial
for preterm nutrition. Although this is a logical and appealing
approach, only a few milk banks are able to offer preterm
human milk, and what is also of importance, colostrum and
transitional preterm DM.

In a single-center study that evaluated the contribution of
the milk donation to an Italian milk bank by women who gave
birth to premature infants of gestational age < 35 weeks, the
authors demonstrated the feasibility of using preterm DM for
premature infants [47]. Mothers donated the excess of milk
after feeding their own infants. During a 7-year study period, a
total of 2236 L of milk were obtained. There were 38 donors
(5.7%) of gestational age < 35 weeks, 7 donors (18.4%) were
mothers of extremely premature infants with gestational age ≤
25 weeks, 1 donor gave birth at 25 weeks, 1 donor at 24
weeks, and 4 donors at 23 weeks. It should be noted that
one women at an extreme gestational age of 22 weeks
succeeded at donating about 4 L of milk within the 6 days
during which the newborn baby was alive. Interestingly, the 7
donors giving birth before the 25 weeks gave 100,360 mL to
the milk bank corresponding to 22.5% of the entire “preterm”
donation. After pasteurization, there was a mean reduction of
25% of the protein content and of 29% of the lipid content
with a loss of 13% for the energetic value. This study demon-
strates that mothers of preterm infants are able to donate milk

to the milk bank, as that amount of milk represent 20% of the
total amount of the donated milk.

The possibility of having donors from mothers of new-
borns admitted to the neonatal intensive care unit (NICU)
contributes to improve the amount of DM to the milk bank.
In a retrospective observational study of the donors (mean age
21.6 ± 2.7 years) of the National Human Milk Bank in India,
62.3% of the donors were mothers of newborns admitted to
the NICU [48]. Of the total volume of 413 L of human milk
donated, 65.5% of the donated milk was from mothers who
had delivered prematurely and 20.8%was donated bymothers
who had delivered preterm infants with gestational age < 32
weeks. In low- and middle-income countries, predominant
donors of a human milk bank are of a younger age group
and more likely to have delivered a premature or a low birth
weight baby, most of them requiring NICU admission. In a
cross-sectional survey study conducted with 737 human milk
donors in Brazil, 47% of first-time donors and 43.9% of the
regular donors were mothers of preterm infants [49].

Personalized nutrition unit

We would like to report the experience of establishing a per-
sonalized nutrition unit (PNU) in the Neonatology
Department of a tertiary care hospital in Madrid (Spain). In
April 2018, the PNU was created with the main objective of
promoting DM from mothers who have their newborns hos-
pitalized at the NICU and produced an excess of milk for their
infants. However, the main focus of the PNUwas to obtain the
more appropriate DM for a high risk infant admitted to the
NICUwho needs to be supplemented or fully feed, with target
fortification after quantitative analysis of macronutrients. DM
is extracted, preserved, transported, and processed (including
a microbiological analysis, pasteurization, and classification
according to gestational and chronological age), and finally
distributed to infant receptors as needed.

From April 2018 to August 2020, 282 donors donated to
659 infants, with a total of 1138.43 L, of them finally pasteur-
ized 1028.27 L. A total of 155 (55%) of the mothers were
preterm delivered, of them 3 at 23 weeks, 7 at 24 weeks,
11 at 25 weeks, 11 at 26 weeks, 11 at 27 weeks, 49 at 28–
32 weeks, and 63 at 32–37 weeks. Most of the receptors were
immature infants of less than 1500 g at delivery but also neo-
nates with congenital cardiac disease, asphyxia, or other seri-
ous conditions.

DM is classified and matched to the receptor by gestational
age and stage of lactation without pooling of different donors,
to keep traceability of the milk. After pasteurization, target
fortification is done based on macronutrient content analysis
(MilkoScan, Foss Asure milk analyzer). After the instauraton
of the PNU, any MOM feeding increased from 90% of the
preemies to 98.8% before and after development of the PNU,
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and exclussive MOM feeding increased from 39 to 55%. We
found a clear difference in total protein content by gestational
age and lactation, with a mean of 2.25 g/100 mL of colostrum
at < 28 weeks of gestation, 2.13 g/100 mL at 28–32 weeks,
1.98 g/100 mL at 28–37 weeks, and 2.01 g/100 mL at > 37
weeks. These higher protein contents were observed for tran-
sitional and mature milk. Also, the total lipid content varies
with gestational age and lactation being the higher content at
the lower gestational age for colostrum, transitional, and ma-
ture milk. A limitation is that results of HMO content are still
not available. A futher consideration is that we have not per-
formed measurement of PNU milk samples versus standard
DM milk samples.

The establishment of PNU was also associated with a de-
crease in NEC and late-onset sepsis. In a before-and-after
study, we found a significant reduction of NEC in preterm
infants of < 32 weeks of gestation, from 10.9% (12/110) to
2.4% (2/84), and late-onset sepsis from 14.7 cases/1000 days
of central lines to 9.5 cases/1000 days of central lines, with a
shorter use of central venous catheters for parenteral nutrition
and a better growth during hospitalization. A survey among
donors and mothers of newborn receptors revealed a high
satisfaction level with this practice. A limitation, however, is
that full data showing an increase of the actual intake of bio-
active substances contained in PNU milk samples and puta-
tively associated with protection from infections and NEC are
not available.

Interestingly, during the lockdown of the COVID-19 pan-
demic, the amount of DM increased rather than decreased as
mothers were with their infants (rooming-in) during their stay
in the hospital as the median raw milk donated per month was
63.5 L/month before the pandemic, and during the lockdown,
it was 111.92 L in March, 106.88 L in April, and 91.2 L in
May 2020.

Conclusion

It is well stablished thatMOM is the most convenient nutrition
for any newborn, even more for the more fragile immature
infants. When this is not possible or the MOM amount is not
enough, DM is an alternative. The quality of the DM for the
best nutritional support is still to be defined. As the composi-
tion of the milk varies with the gestational age and stage of
lactation, a personalized feeding with DM from mothers who
deliver prematurely, and target fortified is feasible and proba-
bly the better approach. However, data on donation of MOM
of premature infants to milk banks are still scarce, but tailoring
breast milk and gestational age at delivery for the feeding of
the premature infant is the natural way to provide the most
adequate nutrition to facilitate healthy growth and the devel-
opment. Development of PNUs will undoubtedly contribute
to the promotion and support of the breastfeeding in NICU, as

well as the storage of the milk in the NICU thanks to the
mothers of premature babies. Human milk represents not only
the better nutrition to infants but one of the most important
therapy for our sick babies, and a better knowledge of its
biological characteristics will return into more innovative as-
pects of its medical use.
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