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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-α),
and interferón gamma (IFN-γ) were assessed at 1, 3, 15, and 30 days of postnatal 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 Il-6
on days 15 and 30, in IL-8 on day 30, and in TNF-α and INF-γ on day 15, as well as an increase in IL-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.
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1. Introduction

Inflammation is implicated in a high proportion of preterm births [1], and is associated with fetal
inflammatory response syndrome (FIRS). This syndrome is characterized by systemic inflammation
and is associated with the development of long-term sequelae by multifunctional organic failures
such as sepsis neonatal, bronchopulmonary dysplasia, intraventricular hemorrhage, and necrotizing
enterocolitis (NEC), thereby increasing perinatal and neonatal mortality and morbidity [2]. During
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pregnancy, especially in preterm neonates, several developing tissues are especially vulnerable and
are profoundly affected by cytokines that circulate rapidly through fetal blood, potentially causing
inflammatory signaling, which can trigger intracellular signaling cascades that result in organ damage
and neonatal morbidity [3]. Under these conditions, the most vulnerable tissues are lung, brain,
and intestine [4,5]. Taking into account the importance of inflammation regarding morbidity and/or
neonatal mortality, it is important to obtain all possible information about inflammatory signaling in
newborns [6–9].

Mother’s milk is the best first immune stimulator in infants, featuring the perfect species-specific
nutrition, because it contains many types of protective agents and enhances neurodevelopmental
outcomes [10,11]. These effects are attributed to a multitude of protective (immune and
trophic) biofactors [11–13]. Milk biofactors protect against infection, providing antimicrobial,
anti-inflammatory, and immunomodulatory functions, preventing adherence to the gastrointestinal
mucosa of pathogens, improving gastrointestinal microbiota, keeping the integrity of the intestinal
barrier and repairing injured areas, promoting intestinal motility and maturation, and providing
antioxidant defense [10,12,13].

Despite the importance of breastfeeding in the development of the newborn’s immune system,
in some cases, this feeding is not possible in the first days of life, especially in premature infants,
due, among others causes, to the existence of physiological difficulties in swallowing. Therefore, it
is of great interest to search for noninvasive mechanisms that allow these neonates to receive the
advantages of breast milk; the administration of oropharyngeal mother’s milk is a safe and well
tolerated intervention with many clinical benefits. In this clinical intervention, with even extremely
preterm babies [14,15], small volumes of mother’s milk, especially colostrum, are directly dropped
onto the oropharyngeal mucosa [16]. Although many studies support the clinical implications of
this safe clinical intervention, there is scarce evidence of its effects on inflammatory signaling and/or
its clinical benefits. It is therefore necessary to increase the study population in order to draw more
reliable conclusions [15,17,18]. In addition, to date, published studies have supplied colostrum only
during the first days of life and in preterm infants of less than 28 weeks’ gestation. For to these reasons,
it is necessary to deepen our understanding and clarify the clinical implications related to this practice;
therefore, the aim of this study is to assess the effects of oropharyngeal administration of mother’s
milk. This is the first study to characterize the serum pro- and anti-inflammatory biomarker profiles of
extremely premature infants.

2. Methods

2.1. Experimental Design and Subjects

Informed consent was obtained from the parents before they participated in the study. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of the University Hospital “Virgen de las Nieves” (PI-0374-2014). Inclusion
criteria were extremely preterm infants in the Neonatal Intensive Care Unit with <32 weeks’ gestation
and/or with a weight below 1500 g at birth. Exclusion criteria were chromosomopathies or congenital
abnormalities, consumption or intake more than 10 mcg/kg/min of vasoconstrictive drugs, and/or
HIV-positive mother. Neonates (n = 100) were divided into two groups: the mother’s milk group
(n = 48) receiving mother’s milk via oropharynx, and the control group (n = 52), which did not receive
oropharyngeal mother’s milk, because it was not available in the first 24 h of life. Figure 1 shows the
flowchart of the infants involved in this study and the reasons for the dropouts.
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Figure 1. Flowchart showing participant progress and dropouts in the study. 
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Figure 1. Flowchart showing participant progress and dropouts in the study.

2.2. Milk Sampling and Administration

The protocol for obtaining and administering breast milk has been previously described [19]. After
being informed by the researchers in the first 24 h postpartum, the mothers had to obtain mother’s
milk every 2 to 3 h by electric pumping (Mendela, Baar, Switzerland) (at least eight times every 24 h).
Mother’s milk was collected in prelabeled, sterile vials, and then a trained nurse administered the
milk to the neonates through sterile syringes (BD, Franklin Lakes, NJ, USA) via the oropharyngeal
route. Each day, syringes were prepared with 0.2 mL mother’s milk, labelled, and stored at 4 ◦C
in labelled plastic cups. Prior to the administration of the milk, the syringe was heated for 5 min
in the infant’s incubator. For at least 2 min, the nurse administered 100 µL of the mother’s milk
on one side of the oral mucosa, and then another 100 µL on the other side in order to maximize
oropharynx absorption (a total of 200 µL). The intervention was repeated every 4 h for the next 15
days. During the intervention, neonatal welfare was monitored, controlling any sign of discomfort
(tachycardia, bradycardia, tachypnoea, bradypnea, PO2, and changes in blood pressure), and in case of
alterations, the procedure stopped. The enteral nutrition of each patient, regardless of the assigned
group, was decided by the medical team responsible for their care. The trophic enteral nutrition began
in the first 24–48 h, i.e., as soon as possible, if there were no contraindications.

2.3. Sample Collection and Analysis

Four blood samples were obtained during the first 30 days of postnatal life to evaluate the influence
on the inflammatory signaling: at enrolment (M1), on the 3rd day (M2), on the 15th day (M3) and on
the 30th day (M4). The serum was stored after being aliquoted at −80 ◦C until further use.
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2.4. Maternal and Neonatal Outcomes

Mother variables comprised type of birth, prenatal corticosteroids, prenatal antibiotics, prenatal
amniotic infection risk, preterm outcomes (sex, Apgar score, weight, height and head circumference
at birth, weight gaining first month and Clinical Risk Index for Babies (CRIB)), time to achieve
enteral feeding (at least 100–120 mL/kg/day), volume of enteral feeding, volume of parenteral feeding,
and modifications in cerebral ultrasound (classification by de Vries et al. [20]), NEC grade greater or
equal to II according to the modified Bell’ staging classification [21], or proven sepsis [22].

2.5. Inflammatory Parameters Measurement

The pro- and anti-inflammatory parameters studied (IL-6, IL-8, IL-10, IL-1ra, TNF-α, and IFN-γ)
were determined using a Multiplex panel (Human Sepsis Magnetic Bead Panel 3, HTH17MAG- 14K)
based on the luminex xMAP technology (Merck Millipore, Boston, MA, USA). Cytokine concentrations
in plasma samples were determined by comparing the mean of duplicate samples with the standard
curve for each assay.

2.6. Statistical Analysis

The results are presented as the mean ± standard error of mean (SEM). The sample size calculation
has been previously described [19]. The Kolmogorov-Smirnoff’s and Levene’s tests were used to check
the normality and homogeneity of variance, respectively. To compare the baseline characteristics
between the case and control groups, the Student t test for independent samples or Mann-Whitney test
were used for the numerical variables in case of nonnormality. Categorical variables were checked
using the chi-square Pearson or Fisher test when the conditions of applicability were not met. To assess
the effect of the oropharyngeal administration and the time evolution for each variable studied in
each group, a general linear model for repeated measures procedure was applied, with Bonferroni
correction for multiple comparisons (the p-values were corrected considering six possible comparisons).
A Bonferrini’s test allowed us to determine the intra- and inter- subject differences. A value of p < 0.05
was considered significant. The SPSS version 21.0 (SPSS Statistics for Windows, SPSS INC., Chicago,
IL, USA) software was used for data analysis.

3. Results

3.1. Maternal and Neonatal General Characteristics

Neonatal and maternal general characteristics are shown in Table 1. No differences were recorded
in the different period of the study for the mothers or neonates, including volumes of enteral and
parenteral feeding supplied in the different periods of study. Regarding sex differences, there were
no significant differences between groups. In relation to smoking, we have no record that mothers
smoked during pregnancy, according to the records in the anamnesis of the mothers.
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Table 1. Maternal and neonatal general characteristics.

Maternal and Neonatal
Characteristics Units Mother’s Milk

Group
Control
Group p-Value

Type of birth Vaginal (%) 47.5 34.8 0.33
Cesarean (%) 52.5 65.2

Prenatal corticosteroids
No (%) 12.5 10.9 0.47
Yes (%) 89.1 87.5

Prenatal antibiotics
No (%) 20.5 15.2 0.49
Yes (%) 76.9 84.8

Prenatal amniotic infection risk *
No (%) 32.5 39.1 0.41
Yes (%) 67.5 60.9%

Gestational age (weeks) 29.9 ± 0.4 29.5 ± 0.3 0.34
Sex Male (%) 60.0 56.5%

0.91Female (%) 40.0 43.5%
Apgar 1 min 6.4 ± 0.3 6.6 ± 0.3 0.65
Apgar 5 min 8.1 ± 0.2 8.1 ± 0.2 0.83
Weight g 1230.1 ± 48.2 1267.6 ± 52.4 0.60
Height cm 38.6 ± 0.5 38.4 ± 0.7 0.69

Head circumference cm 27.1 ± 0.4 27.0 ± 0.4 0.83
Weight gaining first month g 612.9 ± 31.7 527.4 ± 49.2 0.06

CRIB Score 2.2 ± 0.4 2.0 ± 0.4 0.17
Enteral Feeding mL/kg/day

M2 39.1 ± 3.8 34.5 ± 4.4 0.53
M3 152.1 ± 9.9 162.2 ± 6.3 0.21
M4 160.8 ± 5.7 166.8 ± 8.3 0.84

Parenteral Feeding (mL/kg/day)
M2 84.8 ± 5.6 82.4 ± 5.6 0.92
M3 19.3 ± 9.0 12.2 ± 4.2 0.15
M4 7.5 ± 5.2 6.3 ± 4.2 0.54

Values are means ± standard error of the mean. CRIB (Clinical Risk Index for Babies); * Prenatal amniotic infection
risk (Chorioamnionitis, maternal colonization of group streptococci (GBS), premature rupture of membranes,
maternal fever in delivery). M2: 3rd day of postnatal life, M3: 15th day of postnatal life, M4: 30th day postnatal
of life.

3.2. Clinical Outcomes

The clinical outcomes of preterm infants are featured in Table 2. Babies receiving mother’s milk
achieved full enteral feeding sooner than the control group (p < 0.05).

Table 2. Clinical outcomes at the time of discharge.

Clinical outcomes Mother’s Milk
Group

Control
Group p-Value

Days to achieve full enteral feeding * 7.2 ± 0.6 9.1 ± 0.7 0.04
Volume of full enteral feeding (mL) * 118.9 ± 5.3 107.8 ± 5.7 0.38

NEC at the end of the study (Bell stage ≥ 2) 2 (4.9%) 2 (4.3%) 1
Proven Sepsis at the end of the study 3 (7.3%) 2 (4.4%) 0.66

MV during 1st month of life 9 (21.9%) 13 (28.2%) 0.72
Abnormalities in ultrasound brain scan at 1st month of life 14 (34.1%) 10(21.7%) 0.11

* Data expressed as means ± standard error of the mean. NEC: necrotizing enterecolitis, MV: mechanical ventilation.

3.3. Pro- and Anti-Inflammatory Interleukins

Serum pro- and anti-inflammatory interleukins are summarized in Figure 2. IL-6 was lower after
15 and 30 days of postnatal life in the mother’s milk group compared to the control group (p < 0.05)
(Figure 2A). With regard to the evolution in both groups, a decrease was observed in M3 and M4,
compared to M1 and M2 (p < 0.05), and in the mother’s milk group, a decrease in M2 with regard to M1
was also observed (p < 0.05). IL-8 was lower in the first month of life in the oropharyngeal mother’s
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milk compared to the control group (p < 0.05). In addition, IL-8 decreased in the mother’s milk group
after 30 days postnatal life compared to M1 and M2 (p <0.05); in the control group, this decrease was
also observed in M4, but compared with M1 and M3 (p < 0.05) (Figure 2B).
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Figure 2. Effect of oropharyngeal mother’s milk administration on the levels of IL-6 (A), IL-8 (B), IL-10
(C), and IL1-ra (D) in serum. Results are expressed as mean ± standard error of the mean. A line
between bars means statistically significant differences between groups (p < 0.05). Different letters in
every group indicate significant differences due to the time (mother’s milk (A, B, C), control (a, b, c)
(p < 0.05)). M1: Birth (basal value), M2: 3rd day of postnatal life; M3: 15th day of postnatal life, M4:
30th day of postnatal life.

The mother’s milk group showed higher IL-10 levels, being statistically significant after 1 month
(p < 0.05). IL-10 was lower in M2, M3, and M4 compared to M1 in the mother’s milk group (p < 0.05).
In the control group, a significant decrease was observed in M4 compared to M1 and M2 (p < 0.05), and
in M3 compared to M1 (p < 0.05) (Figure 2C). IL-1ra levels (Figure 2D) were lower in the control group
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compared to the mother’s milk group, being statistically significant in M2 and M3 (p < 0.05). IL-1ra in
both groups followed the same trend, decreasing in M4 compared to M1, M2, and M3 (p < 0.05), and in
M3 compared to M1 and M2 (p < 0.05).

3.4. Other Cytokines: TNF-α and INF-γ

Figure 3 shows the values of TNF-α (Figure 3A) and INF-γ (Figure 3B). These cytokines were
higher in the control group at 15 days postpartum compared to those in the mother’s milk group
(p < 0.05). Both cytokines showed no differences in their evolution in the mother’s milk group; however,
in the control group, an increase in M3 was observed when comparing to M1 and M4 in both cytokines
(p < 0.05), and in M2 compared to M1 in TNF-α (p < 0.05).
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(B) in serum. Results are expressed as mean ± standard error of the mean. A line between bars means
statistically significant differences between groups (p < 0.05). Different letters in every group indicate
significant differences due to the time (mother’s milk (A, B, C), control (a, b, c) (p < 0.05)). M1: Birth
(basal value), M2: 3rd day of postnatal life, M3: 15th day of postnatal life, M4: 30th day of postnatal life.

4. Discussion

Breast milk, especially mother’s milk, is the perfect species-specific nutrition for preterm infants,
because it has different types of bioprotective agents; however, in some cases, breastfeeding is limited,
and the administration of oropharyngeal mother’s milk has been shown to be a safe means of providing
part of its benefits to premature newborns [19,23]. However, there are still limitations and controversies
in the scientific literature, because the results are often inconclusive due to small sample sizes [14],
the use of animal models [24], and the use of secretions (urine and saliva) instead of blood [14,15,17] to
perform the assessments. Taking into account these limitations, together with the lack of information
about inflammatory signaling, the current study was designed to include a high number of premature
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neonates, being the first such study to characterize the pro- and anti-inflammatory biomarker profiles
of premature neonates in serum, as opposed to in other secretions such as urine and saliva after the
administration of mother’s milk, which strengths the results presented herein.

One of the controversies observed in the literature is focused on the time to achieve complete
enteral nutrition after the administration of oropharyngeal mother’s milk; in this sense, the study
conducted by Rodriguez et al. [25] reports differences between groups; in contrast, Zhang et al. [15]
did not observe such differences. However, in all cases, the studies were performed with a smaller
population than the current study. In the current study, preterm infants receiving mother’s milk
achieved full enteral nutrition earlier than the control group. These results are noteworthy, because the
inability to obtain enteral nutrition in the first days of life leads to villous atrophy and delayed nutrient
absorption, increasing the risk of inflammation, NEC, and hospital-related infections [14]. In this sense,
the oropharyngeal administration of mother’s milk could be considered a potential “immune therapy”
for preterm neonates during the first days of life in which they have little tolerance for enteral feeding.

In relation to inflammatory signaling, the main focus of this study, we observed that preterm
neonates who received oropharyngeal mother’s milk showed lower levels of pro-inflammatory
cytokines (IL-6, IL-8) and higher expression of anti-inflammatory cytokines (IL-10 and IL-1ra). The only
study on this topic to date with a similar number of cytokines did not show many differences between
the two study groups [17], although the measurements were performed on urine and saliva, with a
smaller population and a shorter administration period.

Inflammation is involved in a significant number of preterm births, despite of the presence or
absence of infection [1]; it is related to the development of fetal inflammatory response syndrome, which
is associated with the development to long-term sequelae due to multifunctional organ compromise
such as neonatal sepsis, bronchopulmonary dysplasia, intraventricular hemorrhage, NEC, etc. [2].
Therefore, systemic inflammation in newborns could be considered an independent risk factor of
morbidity, affecting several organs such as lung, intestine, and brain [2,26].

One of the most studied pro-inflammatory cytokines is IL-6, which has pleiotropic effects involving
the activation of the acute phase of the immune response; it has also been used as a hallmark of the fetal
inflammatory response syndrome and early neonatal sepsis [27]. This cytokine decreased progressively
in all the neonates in the current study, reflecting the development of the immune system and the
adaptive response of the neonate to the extrauterine conditions. However, the preterm neonates
receiving oropharyngeal milk for one month showed a higher decrease of this cytokine from the 15th
day of life, which could represent an advantage for preterm neonates, because inflammation is a
common upstream pathway observed in major perinatal diseases [2,26].

Another early marker of neonatal sepsis is IL-8, a proinflammatory and chemotactic cytokine,
which increases its expression in situations of homeostatic alterations caused by infection, trauma,
and other conditions [28,29]. An important component in the inflammatory response and innate
immune system is the capacity of IL-8 to attract neutrophils; therefore, the decrease recorded in
preterm neonates after one month of mother’s milk administration indicates a positive influence on
the neonate’s developing immune system and inflammatory response. Lee et al. [17] also observed a
decrease in the levels of IL-8, although this was recorded in saliva and in the first 15 days of life. One of
the possible causes of this lower expression is a decrease in the stimulation of this cytokine due to the
increase in the Il-1ra observed in the current study, which blocks the stimulation of IL-8 by IL-1β [30].

The cytokine IL-10, as an immune-regulator, suppresses antigen-specific T-cell proliferation and
inhibits Th1 responses, increasing the survival and proliferation of B cells. Although its concentration
in mother’s milk is not too high, its level does not decline in human milk over time [31], helping
preterm neonates to cope with the inflammation that is triggered by several stressors. In addition,
mother’s milk from mothers delivering preterm babies is more caloric and contains higher levels
of protein, fat, and bioactive factors including IL-10 [32]. Reports about this cytokine show some
controversy, and in this sense, high concentrations of IL-10 in serum are related to greater severity of
pathologies such as respiratory distress [33]; however, low levels of IL-10 have been associated with an



Nutrients 2020, 12, 413 9 of 12

increased risk of developing bronchopulmonary dysplasia [33]. In addition, it has been shown to be an
important inflammatory mediator in neonatal sepsis, since it plays an important role in the prevention
of excess in the inflammatory response during this life-threatening clinical condition. In our study,
we observed a higher IL-10 concentration in the mother’s milk group at 30 days of age, which, together
with the decrease in IL-6, could have a beneficial effect, since it has been observed that a high IL-6/IL-10
ratio is found in patients with worse prognoses [29]. Similar reports to the current study did not report
any effect of the administration of mother’s milk on this cytokine, although the population and time of
mother’s milk administration were smaller [17].

Another pro-inflammatory cytokine is TNF-α, which acts as one of the main mediators of septic
shock in neonates, as well as other tissue damage. Its production is defective in term neonates [29],
and its receptors in their soluble forms, TNF-RI and TNF-RII, are present in human milk [34]. In the
current study, we observed an increase of TNF-α in the control group until day 15 of life, which could
reflect the inflammatory response syndrome in the premature newborn. However, this increase was
not observed in the mother’s milk group, which showed a lower concentration at 15 days of age.
According to Castellote et al. [35], TNF-RI levels in mother’s milk can act by regulating the biological
effect of TNF-α; therefore, it is responsible for some of the anti-inflammatory effects of mother’s milk.

Finally, IFN-γ in the control group showed a similar trend to that shown by TNF-α with an
increase until day 15 that was not observed in the mother’s milk group. From the point of view of
the preterm survival rate, this IFN-γ downstream would be clearly beneficial, because in a study
of ventilated preterm infants, the IFN-γ level was higher within the first 48 h of life in infants that
developed bronchopulmonary dysplasia or died [36,37].

Additionally, together with the beneficial effects on the inflammatory signaling that could be
obtained by the administration of oropharyngeal mother’s milk, preterm neonates receiving this
clinical intervention achieved complete enteral nutrition sooner. The lower time to reach full enteral
nutrition influences populations of beneficial microorganisms in the infant gut [38], improving the
colonization of bacteria and the development of the preterm digestive system, resulting in a decreased
release of cytokines, which may positively influence clinical outcomes.

As a secondary objective, in this study, we assessed the effect of oropharyngeal mother’s milk
on the incidence of NEC, proven sepsis, and other clinical outcomes. Our results show an absence of
difference between the groups. We consider that this absence is due to the low prevalence of these
pathologies, that would require a higher number of premature infants.

5. Conclusions

The current study proposes that the administration of oropharyngeal mother’s milk in the first
month of life contributes to decreasing the pro-inflammatory state of the preterm neonate, indicating a
beneficial influence on the inflammatory response. Moreover, preterm infants receiving mother’s milk
via oropharynx achieved complete enteral nutrition sooner than babies who did not, representing a
metabolic advantage for the underdeveloped gastrointestinal system; this could minimize comorbidities
linked to nutrient absorption in this population. 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.

Author Contributions: E.M.-Á. and J.D.-C. drafted the initial manuscript and participated in the analysis. M.P.-C.,
L.S.-L., J.M.-L. and J.M.-F. carried out the analyses, reviewed and revised the manuscript. B.S.-M., F.M.-P. and
M.A.-M. participated in data collection process. J.A.H.-S. designed the data collection instruments and coordinated
and supervised data collection at Unit of Neonatology, Pediatric Service, Hospital Universitario Materno-Infantil
and critically reviewed the manuscript. J.J.O. conceptualized and designed the study, coordinated and supervised
data collection at Institute of Nutrition and Department of Physiology. All authors have read and agreed to the
published version of the manuscript.



Nutrients 2020, 12, 413 10 of 12

Acknowledgments: This work was supported by the Andalusian Service of Health (Public Foundation Progress
and Health, grant number PI-0374–2014). The authors are grateful to the Initiative for the Humanization of
Birth Assistance and Breastfeeding for the support during the study. Jorge Moreno-Fernandez was supported
by fellowship from the Ministry of Education, Culture and Sport (Spain) and is grateful to the Excellence Ph.D.
Program “Nutrición y Ciencias de los Alimentos” from the University of Granada. The authors are grateful to
Susan Stevenson for her efficient support in the revision of the English language.

Conflicts of Interest: The authors have no conflict of interest to disclose.

References

1. Romero, R.; Miranda, J.; Chaiworapongsa, T.; Korzeniewski, S.J.; Chaemsaithong, P.; Gotsch, F.; Dong, Z.;
Ahmed, A.I.; Yoon, B.H.; Hassan, S.S.; et al. Prevalence and clinical significance of sterile intra-amniotic
inflammation in patients with preterm labor and intact membranes. Am. J. Reprod. Immunol. 2014, 72,
458–474. [CrossRef] [PubMed]

2. Gotsch, F.; Romero, R.; Kusanovic, J.P.; Mazaki-Tovi, S.; Pineles, B.L.; Erez, O.; Espinoza, J.; Hassan, S.S. The
fetal inflammatory response syndrome. Clin. Obstet. Gynecol. 2007, 50, 652–683. [CrossRef] [PubMed]

3. McAdams, R.M.; Juul, S.E. The role of cytokines and inflammatory cells in perinatal brain injury. Neurol. Res.
Int. 2012, 2012, 561494. [CrossRef] [PubMed]

4. Iliodromiti, Z.; Zygouris, D.; Sifakis, S.; Pappa, K.I.; Tsikouras, P.; Salakos, N.; Daniilidis, A.; Siristatidis, C.;
Vrachnis, N. Acute lung injury in preterm fetuses and neonates: Mechanisms and molecular pathways.
J. Matern-Fetal Neonatal Med. 2013, 26, 1696–1704. [CrossRef]

5. Amerrican College of Obstetricians and Gynecologists. ACOG committee opinion no. 561: Nonmedically
indicated early-term deliveries. Obstet. Gynecol. 2013, 121, 911–915. [CrossRef]

6. Shah, B.A.; Padbury, J.F. Neonatal sepsis: An old problem with new insights. Virulence 2014, 5, 170–178.
[CrossRef]

7. Pammi, M.; Flores, A.; Leeflang, M.; Versalovic, J. Molecular assays in the diagnosis of neonatal sepsis:
A systematic review and meta-analysis. Pediatrics 2011, 128, e973–e985. [CrossRef]

8. Arad, I.; Bar-Oz, B.; Ergaz, Z.; Nir, A.; Barak, V. Interleukin-6 and N-terminal pro-brain natriuretic peptide
cord blood levels in premature infants: Correlations with perinatal variables. Isr. Med. Assoc. J. 2010, 12,
419–423.

9. Caldas, J.P.; Vilela, M.M.; Braghini, C.A.; Mazzola, T.N.; Marba, S.T. Antenatal maternal corticosteroid
administration and markers of oxidative stress and inflammation in umbilical cord blood from very low
birth weight preterm newborn infants. J. Pediatr. 2012, 88, 61–66. [CrossRef]

10. Ronnestad, A.; Abrahamsen, T.G.; Medbø, S.; Reigstad, H.; Lossius, K.; Kaaresen, P.I.; Egeland, T.;
Engelund, I.E.; Irgens, L.M.; Markestad, T. Late-onset septicemia in a Norwegian national cohort of
extremely premature infants receiving very early full human milk feeding. Pediatrics 2005, 115, e269–e276.
[CrossRef]

11. Liu, B.; Newburg, D.S. Human milk glycoproteins protect infants against human pathogens. Breastfeed. Med.
2013, 8, 354–362. [CrossRef] [PubMed]

12. Meinzen-Derr, J.; Poindexter, B.; Wrage, L.; Morrow, A.L.; Stoll, B.; Donovan, E.F. Role of human milk in
extremely low birth weight infants’ risk of necrotizing enterocolitis or death. J. Perinatol. 2009, 29, 57–62.
[CrossRef]

13. Underwood, M.A. Human milk for the premature infant. Pediatr. Clin. N. Am. 2013, 60, 189–207. [CrossRef]
[PubMed]

14. Rodriguez, N.A.; Meier, P.P.; Groer, M.W.; Zeller, J.M.; Engstrom, J.L.; Fogg, L. A pilot study to determine
the safety and feasibility of oropharyngeal administration of own mother’s colostrum to extremely
low-birth-weight infants. Adv. Neonatal Care 2010, 10, 206–212. [CrossRef]

15. Zhang, Y.; Ji, F.; Hu, X.; Cao, Y.; Latour, J.M. Oropharyngeal Colostrum Administration in Very Low Birth
Weight Infants: A Randomized Controlled Trial. Pediatr. Crit. Care Med. 2017, 18, 869–875. [CrossRef]
[PubMed]

16. Rodriguez, N.A.; Meier, P.P.; Mw, G.; Zeller, J.M. Oropharyngeal administration of colostrum to extremely
low birth weight infants: Theoretical perspectives. J. Perinatol. 2009, 29, 1–7. [CrossRef] [PubMed]

17. Lee, J.; Kim, H.S.; Jung, Y.H.; Choi, K.Y.; Shin, S.H.; Kim, E.K.; Choi, J.H. Oropharyngeal colostrum
administration in extremely premature infants: An RCT. Pediatrics 2015, 135, e357–e366. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/aji.12296
http://www.ncbi.nlm.nih.gov/pubmed/25078709
http://dx.doi.org/10.1097/GRF.0b013e31811ebef6
http://www.ncbi.nlm.nih.gov/pubmed/17762416
http://dx.doi.org/10.1155/2012/561494
http://www.ncbi.nlm.nih.gov/pubmed/22530124
http://dx.doi.org/10.3109/14767058.2013.798284
http://dx.doi.org/10.1097/01.AOG.0000428649.57622.a7
http://dx.doi.org/10.4161/viru.26906
http://dx.doi.org/10.1542/peds.2011-1208
http://dx.doi.org/10.2223/JPED.2158
http://dx.doi.org/10.1542/peds.2004-1833
http://dx.doi.org/10.1089/bfm.2013.0016
http://www.ncbi.nlm.nih.gov/pubmed/23697737
http://dx.doi.org/10.1038/jp.2008.117
http://dx.doi.org/10.1016/j.pcl.2012.09.008
http://www.ncbi.nlm.nih.gov/pubmed/23178065
http://dx.doi.org/10.1097/ANC.0b013e3181e94133
http://dx.doi.org/10.1097/PCC.0000000000001221
http://www.ncbi.nlm.nih.gov/pubmed/28617764
http://dx.doi.org/10.1038/jp.2008.130
http://www.ncbi.nlm.nih.gov/pubmed/18769379
http://dx.doi.org/10.1542/peds.2014-2004
http://www.ncbi.nlm.nih.gov/pubmed/25624376


Nutrients 2020, 12, 413 11 of 12

18. Panchal, H.; Athalye-Jape, G.; Patole, S. Oropharyngeal Colostrum for Preterm Infants: A Systematic Review
and Meta-Analysis. Adv. Nutr. 2019, 10, 1152–1162. [CrossRef]

19. Moreno-Fernandez, J.; Sanchez-Martinez, B.; Serrano-Lopez, L.; Martin-Alvarez, E.; Diaz-Castro, J.;
Pena-Caballero, M.; Martin-Peregrina, F.; Alonso-Moya, M.; Maldonado-Lozano, J.; Ochoa, J.J.; et al.
Enhancement of immune response mediated by oropharyngeal colostrum administration in preterm
neonates. Pediatr. Allergy Immunol. 2019, 30, 234–241. [CrossRef]

20. de Vries, L.S.; Eken, P.; Dubowitz, L.M. The spectrum of leukomalacia using cranial ultrasound. Behav. Brain
Res. 1992, 49, 1–6. [CrossRef]

21. Walsh, M.C.; Kliegman, R.M. Necrotizing enterocolitis: Treatment based on staging criteria. Pediatr. Clin.
N. Am. 1986, 33, 179–201. [CrossRef]

22. Levy, M.M.; Fink, M.P.; Marshall, J.C.; Abraham, E.; Angus, D.; Cook, D.; Cohen, J.; Opal, S.M.; Vincent, J.L.;
Ramsay, G. 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit. Care Med.
2003, 31, 1250–1256. [CrossRef] [PubMed]

23. Gephart, S.M.; Weller, M. Colostrum as oral immune therapy to promote neonatal health. Adv. Neonatal Care
2014, 14, 44–51. [CrossRef] [PubMed]

24. Sty, A.C.; Sangild, P.T.; Skovgaard, K.; Thymann, T.; Bjerre, M.; Chatterton, D.E.; Purup, S.; Boye, M.;
Heegaard, P.M. Spray Dried, Pasteurised Bovine Colostrum Protects Against Gut Dysfunction and
Inflammation in Preterm Pigs. J. Pediatr. Gastroenterol. Nutr. 2016, 63, 280–287. [CrossRef] [PubMed]

25. Rodriguez, N.A.; Groer, M.W.; Zeller, J.M.; Engstron, J.L.; Fogg, L.; Du, H.; Caplan, M. A Randomized
Controlled Trial of the Oropharyngeal Administration of Mother’s Colostrum to Extremely Low Birth Weight
Infants in the First Days of Life. Neonatal Intens. Care 2011, 24, 31–35.

26. Nadeau-Vallee, M.; Chin, P.Y.; Belarbi, L.; Brien, M.E.; Pundir, S.; Berryer, M.H.; Beaudry-Richard, A.;
Madaan, A.; Sharkey, D.J.; Lupien-Meilleur, A.; et al. Antenatal Suppression of IL-1 Protects against
Inflammation-Induced Fetal Injury and Improves Neonatal and Developmental Outcomes in Mice. J. Immunol.
2017, 198, 2047–2062. [CrossRef]

27. Chiesa, C.; Pacifico, L.; Natale, F.; Hofer, N.; Osborn, J.F.; Resch, B. Fetal and early neonatal interleukin-6
response. Cytokine 2015, 76, 1–12. [CrossRef]

28. Schollin, J. Interleukin-8 in neonatal sepsis. Acta Paediatr. 2001, 90, 961–962. [CrossRef]
29. Machado, J.R.; Soave, D.F.; da Silva, M.V.; de Menezes, L.B.; Etchebehere, R.M.; Monteiro, M.L.; dos Reis, M.A.;

Correa, R.R.; Celes, M.R. Neonatal sepsis and inflammatory mediators. Mediat. Inflamm. 2014, 2014, 269681.
[CrossRef]

30. Labrousse, D.; Perret, M.; Hayez, D.; Da Silva, S.; Badiou, C.; Couzon, F.; Bes, M.; Chavanet, P.; Lina, G.;
Vandenesch, F.; et al. Kineret®/IL-1ra Blocks the IL-1/IL-8 Inflammatory Cascade during Recombinant
Panton Valentine Leukocidin-Triggered Pneumonia but Not during S. aureus Infection. PLoS ONE 2014, 9,
e97546. [CrossRef]

31. Agarwal, S.; Karmaus, W.; Davis, S.; Gangur, V. Immune markers in breast milk and fetal and maternal body
fluids: A systematic review of perinatal concentrations. J. Hum. Lact 2011, 27, 171–186. [CrossRef] [PubMed]

32. Ballard, O.; Morrow, A.L. Human Milk Composition: Nutrients and Bioactive Factors. Pediatr. Clin. N. Am.
2013, 60, 49–74. [CrossRef] [PubMed]

33. Rocha, G.; Proenca, E.; Guedes, A.; Carvalho, C.; Areias, A.; Ramos, J.P.; Rodrigues, T.; Guimaraes, H. Cord
blood levels of IL-6, IL-8 and IL-10 may be early predictors of bronchopulmonary dysplasia in preterm
newborns small for gestational age. Dis. Markers 2012, 33, 51–60. [CrossRef] [PubMed]

34. Buescher, E.S.; Malinowska, I. Soluble receptors and cytokine antagonists in human milk. Pediatr. Res. 1996,
40, 839–844. [CrossRef] [PubMed]

35. Castellote, C.; Casillas, R.; Ramirez-Santana, C.; Perez-Cano, F.J.; Castell, M.; Moretones, M.G.;
Lopez-Sabater, M.C.; Franch, A. Premature delivery influences the immunological composition of colostrum
and transitional and mature human milk. J. Nutr. 2011, 141, 1181–1187. [CrossRef]

36. Aghai, Z.H.; Saslow, J.G.; Mody, K.; Eydelman, R.; Bhat, V.; Stahl, G.; Pyon, K.; Bhandari, V. IFN-gamma
and IP-10 in tracheal aspirates from premature infants: Relationship with bronchopulmonary dysplasia.
Pediatr. Pulmonol. 2013, 48, 8–13. [CrossRef]

http://dx.doi.org/10.1093/advances/nmz033
http://dx.doi.org/10.1111/pai.13008
http://dx.doi.org/10.1016/S0166-4328(05)80189-5
http://dx.doi.org/10.1016/S0031-3955(16)34975-6
http://dx.doi.org/10.1097/01.CCM.0000050454.01978.3B
http://www.ncbi.nlm.nih.gov/pubmed/12682500
http://dx.doi.org/10.1097/ANC.0000000000000052
http://www.ncbi.nlm.nih.gov/pubmed/24472888
http://dx.doi.org/10.1097/MPG.0000000000001056
http://www.ncbi.nlm.nih.gov/pubmed/26756878
http://dx.doi.org/10.4049/jimmunol.1601600
http://dx.doi.org/10.1016/j.cyto.2015.03.015
http://dx.doi.org/10.1111/j.1651-2227.2001.tb01347.x
http://dx.doi.org/10.1155/2014/269681
http://dx.doi.org/10.1371/journal.pone.0097546
http://dx.doi.org/10.1177/0890334410395761
http://www.ncbi.nlm.nih.gov/pubmed/21678611
http://dx.doi.org/10.1016/j.pcl.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23178060
http://dx.doi.org/10.1155/2012/925632
http://www.ncbi.nlm.nih.gov/pubmed/22710869
http://dx.doi.org/10.1203/00006450-199612000-00011
http://www.ncbi.nlm.nih.gov/pubmed/8947960
http://dx.doi.org/10.3945/jn.110.133652
http://dx.doi.org/10.1002/ppul.22540


Nutrients 2020, 12, 413 12 of 12

37. Harijith, A.; Choo-Wing, R.; Cataltepe, S.; Yasumatsu, R.; Aghai, Z.H.; Janer, J.; Andersson, S.; Homer, R.J.;
Bhandari, V. A role for matrix metalloproteinase 9 in IFNgamma-mediated injury in developing lungs:
Relevance to bronchopulmonary dysplasia. Am. J. Respir. Cell Mol. Biol. 2011, 44, 621–630. [CrossRef]

38. Smilowitz, J.T.; Lebrilla, C.B.; Mills, D.A.; German, J.B.; Freeman, S.L. Breast milk oligosaccharides:
Structure-function relationships in the neonate. Annu. Rev. Nutr. 2014, 34, 143–169. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1165/rcmb.2010-0058OC
http://dx.doi.org/10.1146/annurev-nutr-071813-105721
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Experimental Design and Subjects 
	Milk Sampling and Administration 
	Sample Collection and Analysis 
	Maternal and Neonatal Outcomes 
	Inflammatory Parameters Measurement 
	Statistical Analysis 

	Results 
	Maternal and Neonatal General Characteristics 
	Clinical Outcomes 
	Pro- and Anti-Inflammatory Interleukins 
	Other Cytokines: TNF- and INF- 

	Discussion 
	Conclusions 
	References

