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Abstract: The initial colonization of the human microbiota is of paramount importance. In this
context, the oropharyngeal administration of colostrum is a safe, viable, and well-tolerated practice
even by the smallest preterm infants. Therefore, this study evaluated the effects of oropharyngeal
administration of colostrum on the establishment of preterm infants’ oral microbiota. A longitudinal
observational study was carried out with 20 premature neonates, divided into two groups: one
receiving the protocol (Oropharyngeal Administration of Colostrum; OAC) and the other one
receiving Standard Caare (SC). Saliva samples were collected from the newborns weekly during the
study period (from the day of birth until the 21st day of life) for analysis of oral microbiota through
16S rRNA gene sequencing. We observed that the colonization of the oral microbiota of preterm
newborns preseanted a higher relative abundance of Staphylococcus on the 7th day of life, mainly in
the OAC group. Additionally, an increased abundance of Bifidobacterium and Bacteroides was observed
in the OAC group at the first week of life. Regarding alpha and beta diversity, time was a key factor
in the oral modulation of both groups, showing how dynamic this environment is in early life.

Keywords: premature newborns; oral microbiota; colostrum; infant nutrition; 16S rRNA

1. Introduction

Colonization of the human microbiota starts in intrauterine life, through amniotic
fluid, uterine membranes, and meconium [1,2], contributing to the development of the
neonatal oral microbiota that will colonize the rest of the gastrointestinal tract (GIT) [3].
The composition of the oral microbiota in neonates is an important factor for the develop-
ment of immunity and health, as changes in this community can predispose individuals to
the onset of infections or diseases in early life [4,5]. Unlike the oral microbiota of adults,
which is stable, the newborn’s oral microbiota is more dynamic and influenced by the food
offered in the first months of life [6].

Particularly for premature newborns, breast milk is responsible for transferring bene-
ficial bacterial genera, in addition to oligosaccharides, immunoglobulins, proteins such as
lysozyme and lactoferrin, growth factors and cytokines [7–11], contributing to the immune
system development.

The composition of breast milk is different in mothers of preterm and full-term
newborns [12,13], adapting to the needs of the newborn. The colostrum of mothers who
had preterm delivery presents higher quantities of protein and a similar pattern of human
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milk oligosaccharides (HMOs), comparing to the colostrum of mothers who had term
delivery [14].

For premature and/or low-birth-weight newborns, it is not always possible to feed
with the own mother’s milk. In this case, the World Health Organization currently rec-
ommends the use of pasteurized donor milk for low-birth-weight newborns when the
mother’s milk is not available [15]. Although pasteurization promotes the inactivation
of some cellular components present in breast milk, such as interferon gamma (IFNγ),
tumor necrosis factor alpha (TNF-α), interleukin 1 beta (IL-1β), interleukin 10 (IL-10),
and hepatocyte growth factor (HGF) [16], the concentration of HMOs is unchanged [17].
The presence of HMOs, a group of more than 200 types of non-digestible sugars, is known
to be extremely important for the development of newborns [18].

Premature neonates remain hospitalized for some time in intensive care units (ICUs),
and the administration of a trophic enteral diet is often limited because of the immaturity
of the digestive system or the clinical status of the newborn. Given the immunological
benefits of providing maternal colostrum, alternative administration techniques have been
adopted, including the oropharyngeal administration of colostrum, an immune therapy in
which a small amount of colostrum is placed in the oral mucosa for absorption through a
sterile cotton swab or oral applicator [19].

The oropharyngeal administration of colostrum is a safe, viable, and well-tolerated
practice even by extremely preterm infants [20] and preliminary evidence supports the
effect of this practice in reducing time to full enteral feeding [19]. Studies have already
observed the immunological effects of this protocol in extremely preterm infants, finding
an increase in secretory immunoglobulin A (IgA) and a lower incidence of clinical sep-
sis [21]. Additionally, they have also observed that the levels of IgA, immunoglobulin M
(IgM), resistin, and lactoferrin increased in preterm infants receiving oral administration
of colostrum after 30 days [22]. Despite this, few studies have observed the development
of oral microbiota in preterm infants undergoing this technique. Thus, the present study
evaluated the first weeks of development of the oral microbiota of preterm newborns
receiving oropharyngeal colostrum, compared to a control group receiving standard care.

2. Materials and Methods
2.1. Subjects and Study Design

This longitudinal and observational study was conducted between March and June
2019 and enrolled 24 premature newborns from the Hospital and Maternity Leonor Mendes
de Barros (Sao Paulo, Brazil). The present study was approved by the Ethics Committee
of the Hospital Maternidade Leonor Mendes de Barros (CAAE: 76151717.0.3001.0063)
and by the Faculty of Pharmaceutical Sciences of the University of Sao Paulo (CAAE:
76151717.0.0000.0067).

Newborns were selected when admitted to the neonatal intensive care unit (NICU) to
determine eligibility. Premature neonates, with gestational age between 28 and 35 weeks
of gestation at birth, who did not present malformations or genetic syndromes, as well
as any other type of anomaly, were included in this study. Neonates who died during
hospitalization were excluded from the study.

After receiving detailed written information about the nature, objectives, procedures,
risks, benefits, and relevance of the study, the infants’ parents signed an Informed Consent
Form (ICF). The procedures were carried out in accordance with the Declaration of Helsinki
and the ethical standards of the Brazilian Ministry of Health (National Health Council—
Resolution No. 466/2012).

2.2. Group Definition and Oropharyngeal Administration of Colostrum Protocol

The oropharyngeal administration of colostrum is an oral immunotherapy aimed
at premature newborns admitted to the Neonatal Intensive Care Unit (NICU), selected
by the medical team of the unit. The research team did not participate in the choice,
prescription, and administration of either the colostrum protocol or the diet of the newborns
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participating in the study. In this study, the practice started between the first 24 to 48 h of
life and continued for at least 72 consecutive hours (3 days). In total, 0.2 mL of colostrum
was administered in a 1-mL syringe, which was instilled in the newborn’s oral cavity every
3 h. During maternal hospitalization, colostrum was collected in the human milk bank
(HMB). If the mother was unable to get out of bed, the HMB team carried out the colostrum
collection in the maternal hospitalization unit and then took the colostrum to the NICU in
a cold chain. If the mother’s milk was not available, pasteurized milk from a donor from
the HMB was administered. Holder pasteurization method was used, as recommended by
the Brazilian Network of Human Milk Banks [23].

All newborns included in this study received standard care provided by the hospi-
tal’s medical staff, according to their stability and degree of prematurity. In addition to
standard care, oropharyngeal administration of colostrum has been prescribed for some
newborns. Thus, the standard care group (SC) was composed of newborns who did not
receive colostrum administration and the group that received the protocol was called
oropharyngeal administration of colostrum (OAC).

2.3. Sample Collection and DNA Isolation

The first saliva sample was collected within the first 24 h after birth (T0) and subse-
quent samples were collected weekly, on the 7th (T1), 14th (T2), and 21st (T3) days after
birth, using two sterile cotton swabs, carefully rubbing the newborn’s cheeks and tongue
for approximately 30 s. The swab was then immediately transferred to a tube containing
500 µL of Phosphate Buffered Saline (PBS) (pH 7.4) and stored at −20 ◦C until the sample
was sent to the Molecular Biology Laboratory, what occurred within 24 h after collection.
In the laboratory, the samples were stored at −80 ◦C until the time of DNA extraction.

The total DNA of the saliva samples was extracted according to the QIAamp DNA
Blood Mini Kit protocol (QIAGEN, Hilden, Germany), following the manufacturer’s in-
structions, with minor adaptations. First, the tube containing the swab and 500 µL of
PBS (pH 7.4) was shaken at maximum speed for 30 s. Then, 500 µL of 0.1% dithiothreitol
(DTT, Invitrogen), a reducing agent, was added to decrease the sample viscosity, vortexed
for 1 min and then incubated for 10 min at room temperature. The suspension was then
centrifuged at 15,700× g for 15 min. The supernatant was discarded, and the pellet was
lysed in 200 µL of TELS buffer (20mg/mL lysozyme: 1M Tris-HCl (pH 7.5), 0.5 M EDTA
(pH 8.0), 20% sucrose), and then the samples were incubated for 60 min at 37 ◦C. The next
steps followed the manufacturer’s instructions. After extraction, samples were stored at
−80 ◦C until the time of use. After total DNA extraction, the samples were quantified
using the Qubit Fluorometer equipment (Thermo Fisher Scientific, Waltham, MA, USA).

2.4. 16S rRNA Gene Sequence Processing

The characterization of the newborn’s saliva microbiota was performed by amplifi-
cation of the V3-V4 domain of the bacterial 16S ribosomal segment, which was selected
from the work carried out by Klindworth et al. [24]. The full-length primers using standard
IUPAC nucleotide nomenclature to follow the protocol for this region are: V3-V4 forward
primer (5′-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN
GGC WGC AG-3′) and V3-V4 reverse primer (5′-GTC TCG TGG GCT CGG AGA TGT
GTA TAA GAG ACA GGA CTA CHV GGG TAT CTA ATC C-3′). All procedures were
performed following the manufacturer’s protocol (Illumina-16S Metagenomic Sequencing
Library Preparation). The size of the PCR fragment is 550 bp and 630 bp after indexing
the adapters. We used the Nextera XT adapters and V2 500 cycle sequencing reagent kit.
Subsequently, the samples were sequenced using the Illumina MiSeq platform (Illumina®,
San Diego, CA, USA), according to the manufacturer’s instructions.

2.5. Data Analysis

After obtaining the sequences, the 16S rRNA libraries were analyzed using the QI-
IME v.2-2020.2 software [25]. Denoising was performed with DADA2 [26]. The forward
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sequences were then truncated at position 251, while the reverse sequences were truncated
at 250 nucleotides, in order to discard positions for which the median nucleotide quality
was less than Q30. Samples with less than 1000 sequences were also excluded from fur-
ther analyses. The taxonomy was assigned using ASVs (Amplicon Sequencing Variant)
through the q2-feature-classifier resource [27] and the Bayes naive classify-sklearn taxon-
omy classifier, comparing the obtained ASVs against the SILVA reference database 132 [28].
Subsequent analyses were performed with the R version 4.0.4 using the phyloSeq [29],
vegan [30], microbiome [31], and ggplot2 [32] packages.

2.6. Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics for Windows, ver-
sion 26 (IBM Corp., Armonk, N.Y., USA) and R Studio version 1.4.1106 (R version 4.0.4)
(R Foundation for Statistical Computing, Vienna, Austria). The described data analysis
was performed using the Generalized Linear Model (GzLM) with linear distribution for
comparison between numerical variables and binary logistic distribution for categorical
variables (Figure S1). The Alpha diversity was measured by the indices (Chao1, Shannon,
Simpson, and Faith’s phylogenetic diversity) and the difference between groups over time
were performed by the Generalized Estimating Equations (GEE), in which the models
were evaluated as gamma or linear distribution and identity linkage function, adjusting
for type of delivery (cesarean or vaginal), gestational age, and antibiotic use (yes or no).
Furthermore, the correlation matrix varied between independent, AR (1), unstructured,
and exchangeable. In order to choose the best model, the lowest Quasi likelihood under
Independence Criterion (QIC) was considered and the best adherence of residues [33] was
also evaluated using the Q-Q plot [34] (Figure S2). For differences in beta diversity of the
groups over time, PERMANOVA (adonis test; vegan R package) was performed using the
weighted, unweighted, and generalized UniFrac distances, and also Bray–Curtis dissim-
ilarity to compare the groups (OAC and SC) by time (T0 to T3), using 999 permutations.
To compare genera relative abundances between the groups over time, a GAMLSS-BEZI
(Generalized Additive Models for Location, Scale, and Shape with a zero inflated beta
family) model was used (metamicrobiomeR package [35]). The models were adjusted for
confounders variables [mode of delivery (cesarean or vaginal), gestational age (weeks),
and infant antibiotic use (yes or no)]. To be accounted in the model, genera were filtered
for relative abundance higher than 0.0005 and prevalence higher the 0.05. Multiple com-
parisons were controlled by using a false discovery rate adjustment. A p value < 0.05 was
considered significant.

2.7. Data Deposition

Sequence data have been deposited in the National Center for Biotechnology Informa-
tion (NCBI) under BioProject ID PRJNA762545.

3. Results

Among 108 premature newborns admitted to the NICU during the sample collection
period, 24 were included in the study. Of these, two were excluded, one full-term newborn
and one newborn who was lost to follow-up. In addition, two premature newborns
who died during hospitalization were not included. Thus, 20 newborns entered the
analysis stage, 11 in the group receiving oropharyngeal administration of colostrum (OAC
group), and nine in the group receiving standard care without the administration of
colostrum (SC group). During the first week of life, in addition to standard care or colostrum
administration, both groups received a diet, either orally or by orogastric tube. The
SC group, despite not receiving the colostrum protocol, received, in low proportions,
oral diet during this period. Table S1 shows the percentage of oral stimulation (either
oropharyngeal administration of colostrum or oral diet) in the groups. We can observe that
the oral stimulus was much higher in the OAC group (73.3%) compared to the SC group
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(22.3%), and that the use of donor breast milk was higher than the use of mother’s milk in
both groups.

A total of 79 samples were collected from this population, and after bioinformatics
analysis, five were excluded for having low read count (<1000 reads); thus, 74 were used
for statistical analyses.

3.1. Descriptive and Clinical Data

Descriptive and clinical data from the groups can be found in Table 1. Regarding the
characteristics of the mothers of the participating newborns, we did not observe a difference
in the mean maternal age (p = 0.27) and in the obstetric history (p = 0.21) between the
groups. No differences were found for gestational age at birth, sex, mode of delivery, sepsis
occurrence, antibiotic therapy, days spent in the NICU, or time on parenteral nutrition
comparing the groups. We found differences for birth weight, which was significantly
higher in the SC group compared to the OAC group (p = 0.013). In addition, the SC group
also had a significantly higher weight on the 7th day of life compared to the OAC group
(p = 0.017). In the other weight comparisons between the groups (14th and 21st day after
birth and at hospital discharge), no differences were observed.

Table 1. Comparison of descriptive and clinical data between groups (n = 20).

Variable OAC Group (n = 11) SC Group (n = 9) Wald
Chi-Square p Value

Maternal age (years) # 29.9 ± 4.8 27.1 ± 7.3 1.178 0.27
Gestational age (weeks) # 30.6 ± 2.3 31.4 ± 1.7 0.736 0.39

Obstetric history § 1.546 0.21
Multiparous 9 (81.8) 5 (55.6)
Primiparous 2 (18.2) 4 (44.4)

Sex § 0.884 0.34
Female 5 (45.5) 6 (66.7)
Male 6 (54.5) 3 (33.3)

Type of delivery § 0.020 0.88
C-section 7 (63.6) 6 (66.7)
Vaginal 4 (36.4) 3 (33.3)
Sepsis § 1.135 0.28

Yes 5 (45.5) 2 (22.2)
No 6 (54.5) 7 (77.8)

Use of antibiotics on NICU £ 0.050 0.82
Yes 9 (81.8)/16.2 (2–30) 7 (77.8)/9.8 (2–27)
No 2 (18.2) 2 (22.2)

Parenteral nutrition time (days) 16.1 ± 10.8 10.7 ± 11.4 1.309 0.25
Birth weight (grams) 1180.8 ± 249.2 1493.3 ± 344.4 6.159 0.013 *

Weight on the 7th day of life (grams) 1140.1 ± 250.5 1416.0 ± 297.2 5.649 0.017 *
Weight on the 14th day of life (grams) 1278.8 ± 319.5 1529.5 ± 281.6 3.760 0.052

Weight on the 21st day of life (grams) ¥ 1372.2 ± 298.3 1570.1 ± 307.8 2.069 0.15
Weight at hospital discharge (grams) 1963.0 ± 237.8 2055.0 ± 153.9 1.067 0.30

Days in the NICU 44.1 ± 32.2 23.4 ± 23.2 2.868 0.09

Values are expressed as # mean ± standard deviation; § number (percentage); £ number (percentage)/mean (minimum-maximum). p values
are based on Generalized Linear Model (GzLM) with # linear distribution and §, £ binomial distribution. * Significance ≤ 0.05. Legend:
OAC (Oropharyngeal Administration of Colostrum); SC (Standard Care); NICU (Neonatal Intensive Care Unit). ¥ Two newborns were
discharged from the hospital before completing 21 days of hospitalization.

3.2. Relative Abundance

The statistical analyses and distribution of the 15 most abundant bacterial genera in
saliva samples in each collection time (1st, 7th, 14th, and 21st day of life) can be seen by
sample in Figure 1 (1A-SC group and 1B-OAC group), by groups in Figure 2 (2A-SC group
and 2B-OAC group), and the significant results in Table S2.

The most prevalent genera on the first day of life (T0) were Staphylococcus, Enterococcus,
Escherichia-Shigella, and Streptococcus. When comparing the groups, we observed a greater
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abundance of Staphylococcus and Enterococcus in the SC group, while the OAC group had
a greater abundance of Streptococcus and Escherichia-Shigella; however, the results were
not statistically significant. In contrast, we observed a significantly greater abundance of
Agathobacter (p = 0.041) and Blautia (p = 0.013) in the OAC group compared to the SC group,
and a trend towards a greater abundance of Haemophilus in the SC group compared to the
OAC group (p = 0.051). Comparing the groups on the 7th day of life (T1), we identified
a greater abundance of Staphylococcus and Escherichia-Shigella in the OAC group and a
greater abundance of Streptococcus in the SC group, but the results did not reach statistical
significance. However, we observed a significantly higher abundance of Bifidobacterium
in the OAC group compared to the SC group (p < 0.001), even though this genus was
presented in low abundance in both groups (out of the top 15).

On the 14th day of life (T2), the most dominant genera were Staphylococcus, Escherichia-
Shigella, and Streptococcus in the SC group; in the OAC group, Staphylococcus, Escherichia-
Shigella, and Enterococcus were the most abundant genera. In the comparison between the
groups, we identified a significantly greater abundance of Haemophilus in the OAC group
compared to the SC group (p < 0.001). On the 21st day of life (T3), the most dominant genera
in both groups were the same as observed in T2. In the comparison between the groups,
we identified a significantly greater abundance of Gemella in the SC group compared to the
OAC group (p = 0.001).
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3.3. Comparison between Groups after Administration of Colostrum

When comparing the groups after colostrum administration from the first day of
life to the 7th day after delivery (Figure 3), we observed that changes occurred in both
groups. Six genera, including Faecalibacterium, Lactobacillus, and Prevotella 9 decreased in
both groups. We identified major changes in OAC than SC, since 16 genera were different
from T0 to T1, compared to seven in SC (Figure 3A). Among the genera that changed in
OAC, 10 decreased in T1, such as Sphyngomonas, Veillonella, and Rothia, while six genera
increased in the same period, including Eubacterium, Lachnospiraceae, and Staphylococcus.
In the SC group the Ruminococcus 1, Mycoplasma, and Alistipes are among the genera that
decreased in T1 whereas no genera had increased (Figure 3B).
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3.4. Alpha Diversity

The results of the alpha diversity indices in the groups in relation to time can be seen
in Figure 4 and in Table S3. Regarding the Chao1 richness index, we observed a significant
decrease in the comparison between T0 and all the other analysis time points (p = 0.001).
In the interaction between groups and time, it is possible to identify a trend towards greater
Chao1 richness (p = 0.078). In the comparison between groups and time for the Shannon
diversity index, we observed a decrease between T0 and all the other analyzed time points
(p < 0.001). No difference was observed in the analysis between groups at T0, but it was
possible to identify a significant decrease in this index between T0 and T1 in both the OAC
and SC groups (p < 0.01). In the SC group, a significant decrease was also observed when
comparing the value found at T1 with that found at T3 (p < 0.001). Furthermore, there was
a significant difference between the groups at T3, with higher values for the Shannon index
in the SC group compared to the OAC group (p = 0.015).
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In the Simpson’s index analysis, we also identified a significant decrease at T0 in
relation to the other analysis time points (p < 0.001). Furthermore, there was a significant
increase in T3 compared to T2, regardless of the group. In the interaction between group
and time, no differences were observed between the groups at baseline, and both groups
showed a significant decrease from T0 to T1 (p < 0.001) and from T0 to T2 (p < 0.001 in the
OAC group and p = 0.029 in the SC group). In the OAC group, we observed a decrease
at T3 compared to T0 (p = 0.015). On the other hand, the SC group showed a significant
increase in this index at T3 compared to T1 (p < 0.001). In the evaluation of the Faith’s
phylogenetic diversity index, a decrease in diversity was observed in both groups over
time (p < 0.001). In the interaction between group and time, there were no differences
between the groups at T0, and both groups showed a significant decrease from T0 to T1,
T2, and T3 (p < 0.001).
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3.5. Beta Diversity between Groups and after the Intervention

In the principal coordinates analysis (PCoA) considering the difference between
groups (Figure 5), we found no differences in the phylogenetic structure between the
groups over time, in any of the metrics analyzed. The same was observed for the interaction
between group and time; however, when only the effect of time on the samples was
considered, we found significant results for all metrics (p = 0.001). Thus, it is possible to
identify, in this sample and population, how time changes the dynamics of the structure of
this community.
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Regarding the analysis after the intervention (T1) compared to the day of birth (T0),
the results can be seen in Figure 6. Similar to previous analysis, no differences were found
in the comparison between groups with the metrics used. In the analysis of the interaction
between group and time, it was possible to observe a trend towards significance in the
Bray–Curtis index (p = 0.069); in the analysis considering only the effect of time, once again
we found significant results for all metrics (p = 0.001).
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4. Discussion

The beginning of life and the factors involved in this phase are extremely relevant for
the development of newborns, whether premature or full term. Nowadays, it is known
that the pregnant woman’s weight gain, diet, and type of delivery directly influence the
newborn’s health. In this sense, breastfeeding is part of the development of the immune
system and colonization of the gastrointestinal tract of newborns, through bacteria present
in breast milk. In this context, the importance of breast milk for the health of newborns has
already been well documented [36]. However, premature neonates are often unable to be
breastfed, as they need to be hospitalized in intensive care units and oral feeding is limited.

Considering the importance of breast milk for the nutrition of preterm newborns,
practices such as the oropharyngeal administration of colostrum help in the development
of immunity and in the oral colonization of this population. Recent studies have shown
that this practice is safe [37], reduces the length of hospital stay [38], and the risk for the
development of necrotizing enterocolitis [39]. It has already been reported that prebiotics
stimulate the growth of beneficial bacteria in the oral cavity, helping to maintain microbial
balance [40]. In addition, breastfeeding influences the transfer of specific bacteria from
breast milk to the baby’s intestine, modifying the composition of the intestinal microbiota
and helping its development [41,42].

In the saliva samples collected from preterm newborns, we observed that on the
first day of life, the groups presented greater diversity of bacterial genera, with no great
predominance of any specific genus, as can be seen in the results of the alpha diversity
indices. After the protocol (T1–7th day), we observed an increase in Staphylococcus in both
groups compared to T0; however, this increase was greater in the OAC group compared to
the SC group, probably due to greater oral stimulation, either by colostrum administration
or by oral diet. This result supports the concept of bacteria transfer from breast milk to the
newborn, as the most abundant genus observed in breast milk samples was Staphylococcus.
In this context, the oral microbiota plays an important role in the colonization of the intesti-
nal microbiota, as it is an obligatory passage for breast milk to reach the gastrointestinal
tract [43]. The oral microbiota of healthy and full-term newborns is generally dominated
by Streptococcus and Staphyloccocus, and may have, in smaller proportions, genera such
as Gemella, Actinomyces, and Veillonella [44]. The oral cavity is constantly exposed to the
environment, changing continuously, along with the constant production of saliva that
creates a continuous flow. Thus, the formation of biofilm on the oral surface facilitates the
colonization and formation of the oral microbiota [45].

In addition to Staphylococcus, one of the most abundant genera found in the samples
from this newborn population was Streptococcus, from the first day of life, but mainly to
the 21st day of life, when it accounts for half of the relative abundance observed in both
groups, becoming the most prevalent genus in this environment. Streptococcus present
in the oral mucosa are known as one of the main groups of early colonizers and their
adhesion to the oral cavity promotes the establishment of later colonizers, through their
production of polysaccharides and adhesins [45]. Evidence shows that there is a similarity
in the composition of the oral microbiota and the intestinal microbiota of newborns, which
suggests that bacteria that cannot adhere to the oral surface and are swallowed participate
in intestinal colonization [46,47].

Specifically for preterm infants, few studies have evaluated the development of oral
microbiota in this population, mostly through culture methods. A study carried out by
Hendricks-Muñoz et al. (2015) with premature newborns observed that the oral microbiota
after 1 month of life was dominated by the genus Streptococcus, associating the presence of
other bacterial genera with skin-to-skin contact after birth [48]; however, the study did not
analyze the effect of breastfeeding or the administration of colostrum.

A study by Sohn et al. (2015) evaluated the effect of oral administration of colostrum
on the oral microbiota of extremely low birth weight newborns. They found a difference in
the oral microbiota from birth to the 4th day of life, with a prevalence of the Moraxellaceae
family at birth and the Planococcaceae family after the protocol. In the group that did not
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receive colostrum, they observed a greater abundance of the Staphylococcaceae family on
the 4th day of life [49]. However, this study did not assess the microbiome composition of
the colostrum administered, and considered the results at the family phylogenetic level only.
Contrasting results were found in our study, in which the most abundant genus in both
groups was Staphylococcus, which belongs to the Staphylococcaceae family. The differences
found may be due to the methodology used or due to some specific characteristic of the
population. In the study by Ruiz et al. (2019), in addition to the pre-colostrum composition,
the oral microbiota of newborns 5 to 7 days after birth was observed. Staphylococcus and
Streptococcus were the most abundant genera found in the oral microbiota of newborns [50],
which is in line with the findings of the present work.

On the 7th day of life, in the group receiving colostrum, there was an increase in the
genera Bifidobacterium and Bacteroides, both known as initial colonizers of the intestinal
microbiome. Bifidobacterium species are responsible for metabolizing oligosaccharides [51],
important components for healthy colonization in the intestinal environment, and Bac-
teroides are responsible for breaking down complex molecules in the intestine, helping
the immune system against any pathogens [52]. In our sample, these genera were found
to transiently colonize the oral environment. This may be because, in our population,
neonates in the OAC group received a large amount of oral stimulation in the first week
of life, while the control (SC) group had a low proportion of oral stimulation during the
entire hospitalization period.

In the post-protocol period, we observed an increase in Neisseria and Haemophilus in
the OAC group. In the SC group, we identified a significant increase in Gemella at T3 (21st
day of life). Neisseria, Haemophilus, and Gemella are bacterial genera commonly found in
the oral microbiome, either in newborns or in adults. However, these genera were not
reported in the work carried out by Young et al. (2020) with seven extremely premature
newborns (mean gestational age of 23.6 weeks), which identified a greater abundance of
Staphylococcus and Escherichia-Shigella in the 3rd–4th week of life [53].

Romano-Keeler et al. (2017) carried out a study with preterm newborns (<32 complete
weeks of gestation) to observe the effects of a priming with oral colostrum. The protocol
consisted of administering 100 µL of colostrum from the mother in each cheek every 6 h
for 5 days, starting in the first 48 h of life [38]. In their results, they found no differences
between groups in the Shannon index, but the diversity decreased over time, between
the 1st and the 30th day of life. Additionally, they found no differences in beta diversity
in relation to treatment, but observed that the community profile changed over time [38].
Similar results were observed in our study, in which the alpha diversity indices decreased
between the 1st and the 7th day of life, which lasted until the 21st day of life. Furthermore,
no differences were observed between groups in the beta diversity analysis, but it was
possible to verify the effect of time on the phylogenetic profile of oral samples.

The present study had some limitations. The small sample size made it difficult to
extrapolate the findings. In addition, because it is an observational study and composed of
a convenience sample, it was not possible to present a group receiving only the protocol
with the mother’s milk, since it is extremely difficult to control or predict the food that will
be offered to premature newborns in a NICU. The loss of follow-up of some samples is also
noteworthy, as it impacts the statistical power of the study.

5. Conclusions

This study demonstrated that protocols using the oropharyngeal administration of
colostrum are important for the colonization of the oral microbiota, as they promote
an early maturation of the oral cavity, which can be observed by the bacterial profile
found after colostrum administration, with increased abundance of beneficial bacteria,
such as Staphylococcus, Bifidobacterium, and Bacteroides. In addition to the effects of this
protocol, we observed that the newborn’s oral microbiota is dynamic, and changes over
time. Therefore, extensive trials are needed and essential to promote the inclusion of this
intervention as a standard protocol for preterm infants.



Nutrients 2021, 13, 4224 12 of 14

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13124224/s1, Figure S1: Q-Q plot in relation to the adherence residues of the descriptive
data between groups, Figure S2: Q-Q plot in relation to the adherence residues of the alpha diversity
indices: Chao 1 (A), Shannon (B), Simpson (C), and Faith’s Phylogenetic Diversity (D) for the
analysis of the oral microbiota, Table S1: Percentage of oral stimulus (either diet or oropharyngeal
administration of colostrum) during the first week of life, Table S2: Comparison of the main genera
between groups over time, Table S3. Alpha diversity indices considering the interaction between
group/time.

Author Contributions: Conceptualization, R.V.C., C.R.T. and A.F.; methodology, R.V.C. and C.R.T.;
software, R.V.C. and M.P.; validation, R.V.C. and M.P.; formal analysis, R.V.C. and M.P.; investigation,
R.V.C., A.F. and L.G.S.; resources, C.R.T.; data curation, R.V.C. and M.P.; writing—original draft
preparation, R.V.C.; writing—review and editing, C.R.T., R.F., C.M.N. and A.F.; visualization, R.V.C.
and M.P.; supervision, C.R.T.; project administration, R.V.C. and C.R.T.; funding acquisition, C.R.T.
All authors have read and agreed to the published version of the manuscript.

Funding: The study was supported by Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior (CAPES-Finance Code 001), Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq) and São Paulo Research Foundation (FAPESP). L.G.S. is recipient of CNPq fellowship, C.R.T.
is recipient of FAPESP #2018/10612-7.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Hospital e Maternidade Leonor
Mendes de Barros (CAAE: 76151717.0.3001.0063) and by the Faculty of Pharmaceutical Sciences of
the University of Sao Paulo (CAAE: 76151717.0.0000.0067).

Informed Consent Statement: Informed consent was obtained from all the parents of the neonates
involved in the study.

Data Availability Statement: Sequence data have been deposited in the National Center for Biotech-
nology Information (NCBI) under BioProject ID PRJNA762545.

Acknowledgments: We would first like to thank Leandro dos Reis Lucena for his support throughout
the study. Additionally, we would like to thank the team of physicians, nurses, and staff at the
Hospital Maternidade Leonor Mendes de Barros for their assistance in developing the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript,
or in the decision to publish the results.

References
1. Gosalbes, M.J.; Llop, S.; Vallès, Y.; Moya, A.; Ballester, F.; Francino, M.P. Meconium microbiota types dominated by lactic acid or

enteric bacteria are differentially associated with maternal eczema and respiratory problems in infants. Clin. Exp. Allergy 2013, 43,
198–211. [CrossRef] [PubMed]

2. Martin, R.; Makino, H.; Cetinyurek Yavuz, A.; Ben-Amor, K.; Roelofs, M.; Ishikawa, E.; Kubota, H.; Swinkels, S.; Sakai, T.; Oishi,
K.; et al. Early-life events, including mode of delivery and type of feeding, siblings and gender, shape the developing gut
microbiota. PLoS ONE 2016, 11, e0158498. [CrossRef]

3. Sweeney, E.L.; Al-Shehri, S.S.; Cowley, D.M.; Liley, H.G.; Bansal, N.; Charles, B.G.; Shaw, P.N.; Duley, J.A.; Knox, C.L. The effect of
breastmilk and saliva combinations on the in vitro growth of oral pathogenic and commensal microorganisms. Sci. Rep. 2018, 8,
15112. [CrossRef]

4. Neu, J. The microbiome during pregnancy and early postnatal life. Semin. Fetal Neonatal Med. 2016, 21, 373–379. [CrossRef]
5. Rautava, S. Early microbial contact, the breast milk microbiome and child health. J. Dev. Orig. Health Dis. 2016, 7, 5–14. [CrossRef]

[PubMed]
6. Al-Shehri, S.S.; Sweeney, E.L.; Cowley, D.M.; Liley, H.G.; Ranasinghe, P.D.; Charles, B.G.; Shaw, P.N.; Vagenas, D.; Duley, J.A.;

Knox, C.L. Deep sequencing of the 16S ribosomal RNA of the neonatal oral microbiome: A comparison of breast-fed and
formula-fed infants. Sci. Rep. 2016, 6, 38309. [CrossRef]

7. Böttcher, M.F.; Jenmalm, M.C.; Björkstén, B. Cytokine, chemokine and secretory IgA levels in human milk in relation to atopic
disease and IgA production in infants. Pediatric Allergy Immunol. Off. Publ. Eur. Soc. Pediatric Allergy Immunol. 2003, 14, 35–41.
[CrossRef]

8. Claud, E.C.; Savidge, T.; Walker, W.A. Modulation of human intestinal epithelial cell IL-8 secretion by human milk factors.
Pediatric Res. 2003, 53, 419–425. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/nu13124224/s1
https://www.mdpi.com/article/10.3390/nu13124224/s1
http://doi.org/10.1111/cea.12063
http://www.ncbi.nlm.nih.gov/pubmed/23331561
http://doi.org/10.1371/journal.pone.0158498
http://doi.org/10.1038/s41598-018-33519-3
http://doi.org/10.1016/j.siny.2016.05.001
http://doi.org/10.1017/S2040174415001233
http://www.ncbi.nlm.nih.gov/pubmed/26051698
http://doi.org/10.1038/srep38309
http://doi.org/10.1034/j.1399-3038.2003.02120.x
http://doi.org/10.1203/01.PDR.0000050141.73528.AD
http://www.ncbi.nlm.nih.gov/pubmed/12595589


Nutrients 2021, 13, 4224 13 of 14

9. Frost, B.L.; Jilling, T.; Lapin, B.; Maheshwari, A.; Caplan, M.S. Maternal breast milk transforming growth factor-beta and feeding
intolerance in preterm infants. Pediatric Res. 2014, 76, 386–393. [CrossRef] [PubMed]

10. Lönnerdal, B. Bioactive proteins in breast milk. J. Paediatr. Child. Health 2013, 49, 1–7. [CrossRef]
11. Wang, M.; Li, M.; Wu, S.; Lebrilla, C.B.; Chapkin, R.S.; Ivanov, I.; Donovan, S.M. Fecal microbiota composition of breast-fed

infants is correlated with human milk oligosaccharides consumed. J. Pediatric Gastroenterol. Nutr. 2015, 60, 825–833. [CrossRef]
12. Albenzio, M.; Santillo, A.; Stolfi, I.; Manzoni, P.; Iliceto, A.; Rinaldi, M.; Magaldi, R. Lactoferrin levels in human milk after preterm

and term delivery. Am. J. Perinatol. 2016, 33, 1085–1089. [CrossRef]
13. Castellote, C.; Casillas, R.; Ramírez-Santana, C.; Pérez-Cano, F.J.; Castell, M.; Moretones, M.G.; López-Sabater, M.C.; Franch, À.

Premature delivery influences the immunological composition of colostrum and transitional and mature human milk. J. Nutr.
2011, 141, 1181–1187. [CrossRef] [PubMed]

14. Gidrewicz, D.A.; Fenton, T.R. A systematic review and meta-analysis of the nutrient content of preterm and term breast milk.
BMC Pediatrics 2014, 14, 216. [CrossRef]

15. W.H.O. Preterm Birth. Available online: https://www.who.int/en/news-room/fact-sheets/detail/preterm-birth (accessed on 11
October 2019).

16. Ewaschuk, J.B.; Unger, S.; O’Connor, D.L.; Stone, D.; Harvey, S.; Clandinin, M.T.; Field, C.J. Effect of pasteurization on selected
immune components of donated human breast milk. J. Perinatol. 2011, 31, 593–598. [CrossRef] [PubMed]

17. Bertino, E.; Coppa, G.V.; Giuliani, F.; Coscia, A.; Gabrielli, O.; Sabatino, G.; Sgarrella, M.; Testa, T.; Zampini, L.; Fabris, C. Effects
of holder pasteurization on human milk oligosaccharides. Int. J. Immunopathol. Pharmacol. 2008, 21, 381–385. [CrossRef]

18. German, J.B.; Freeman, S.L.; Lebrilla, C.B.; Mills, D.A. Human milk oligosaccharides: Evolution, structures and bioselectivity as
substrates for intestinal bacteria. In Personalized Nutrition for the Diverse Needs of Infants and Children; KARGER: Basel, Switzerland,
2008; Volume 62, pp. 205–222.

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

20. 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]

21. 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]

22. Moreno-Fernandez, J.; Sánchez-Martínez, B.; Serrano-López, L.; Martín-Álvarez, E.; Diaz-Castro, J.; Peña-Caballero, M.; Martín-
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. Pediatric Allergy Immunol. 2018, 30, 13008. [CrossRef]

23. Almeida, J.A.G. Capítulo 17—Pasteurização. In Banco de Leite Humano: Funcionamento, Prevenção e Controle de Riscos; Anvisa:
Brasília, Brazil, 2007; p. 156. ISBN 978-85-88233-28-7.

24. Klindworth, A.; Pruesse, E.; Schweer, T.; Peplies, J.; Quast, C.; Horn, M.; Glöckner, F.O. Evaluation of general 16S ribosomal RNA
gene PCR primers for classical and next-generation sequencing-based diversity studies. Nucleic Acids Res. 2013, 41, e1. [CrossRef]
[PubMed]

25. Bolyen, E.; Rideout, J.R.; Dillon, M.R.; Bokulich, N.A.; Abnet, C.C.; Al-Ghalith, G.A.; Alexander, H.; Alm, E.J.; Arumugam, M.;
Asnicar, F.; et al. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nat. Biotechnol. 2019,
37, 852–857. [CrossRef] [PubMed]

26. Callahan, B.J.; McMurdie, P.J.; Rosen, M.J.; Han, A.W.; Johnson, A.J.A.; Holmes, S.P. DADA2: High-resolution sample inference
from Illumina amplicon data. Nat. Methods 2016, 13, 581–583. [CrossRef]

27. Bokulich, N.A.; Kaehler, B.D.; Rideout, J.R.; Dillon, M.; Bolyen, E.; Knight, R.; Huttley, G.A.; Gregory Caporaso, J. Optimizing
taxonomic classification of marker-gene amplicon sequences with QIIME 2′s q2-feature-classifier plugin. Microbiome 2018, 6, 1–17.
[CrossRef]

28. Quast, C.; Pruesse, E.; Yilmaz, P.; Gerken, J.; Schweer, T.; Yarza, P.; Peplies, J.; Glöckner, F.O. The SILVA ribosomal RNA gene
database project: Improved data processing and web-based tools. Nucleic Acids Res. 2013, 41, D590. [CrossRef] [PubMed]

29. McMurdie, P.J.; Holmes, S. phyloseq: An R Package for reproducible interactive analysis and graphics of microbiome census data.
PLoS ONE 2013, 8, e61217.

30. Oksanen, J.; Blanchet, F.G.; Friendly, M.; Kindt, R.; Legendre, P.; Mcglinn, D.; Minchin, P.R.; O’hara, R.B.; Simpson, G.L.; Solymos,
P.; et al. Vegan: Community Ecology Package: Ordination methods, diversity analysis and other functions for community
and vegetation ecologists. R Package Ver 2016. Available online: https://cran.r-project.org/web/packages/vegan/index.html
(accessed on 23 November 2021).

31. Lahti, L.; Shetty, S. Introduction to the Microbiome R Package. Available online: http://bioconductor.statistik.tu-dortmund.de/
packages/3.6/bioc/vignettes/microbiome/inst/doc/vignette.html (accessed on 4 July 2021).

32. Hadley, W. ggplot2 Elegant Graphics for Data Analysis, 2nd ed.; Springer: Berlin/Heidelberg, Germany, 2016.
33. Pan, W. Akaike’s information criterion in generalized estimating equations. Biometrics 2001, 57, 120–125. [CrossRef]
34. Oh, S.; Carriere, K.C.; Park, T. Model diagnostic plots for repeated measures data using the generalized estimating equations

approach. Comput. Stat. Data Anal. 2008, 53, 222–232. [CrossRef]

http://doi.org/10.1038/pr.2014.96
http://www.ncbi.nlm.nih.gov/pubmed/24995914
http://doi.org/10.1111/jpc.12104
http://doi.org/10.1097/MPG.0000000000000752
http://doi.org/10.1055/s-0036-1586105
http://doi.org/10.3945/jn.110.133652
http://www.ncbi.nlm.nih.gov/pubmed/21508211
http://doi.org/10.1186/1471-2431-14-216
https://www.who.int/en/news-room/fact-sheets/detail/preterm-birth
http://doi.org/10.1038/jp.2010.209
http://www.ncbi.nlm.nih.gov/pubmed/21330996
http://doi.org/10.1177/039463200802100216
http://doi.org/10.1097/ANC.0000000000000052
http://doi.org/10.1097/ANC.0b013e3181e94133
http://doi.org/10.1542/peds.2014-2004
http://www.ncbi.nlm.nih.gov/pubmed/25624376
http://doi.org/10.1111/pai.13008
http://doi.org/10.1093/nar/gks808
http://www.ncbi.nlm.nih.gov/pubmed/22933715
http://doi.org/10.1038/s41587-019-0209-9
http://www.ncbi.nlm.nih.gov/pubmed/31341288
http://doi.org/10.1038/nmeth.3869
http://doi.org/10.1186/s40168-018-0470-z
http://doi.org/10.1093/nar/gks1219
http://www.ncbi.nlm.nih.gov/pubmed/23193283
https://cran.r-project.org/web/packages/vegan/index.html
http://bioconductor.statistik.tu-dortmund.de/packages/3.6/bioc/vignettes/microbiome/inst/doc/vignette.html
http://bioconductor.statistik.tu-dortmund.de/packages/3.6/bioc/vignettes/microbiome/inst/doc/vignette.html
http://doi.org/10.1111/j.0006-341X.2001.00120.x
http://doi.org/10.1016/j.csda.2008.07.022


Nutrients 2021, 13, 4224 14 of 14

35. Ho, N.T.; Li, F.; Wang, S.; Kuhn, L. metamicrobiomeR: An R package for analysis of microbiome relative abundance data using
zero-inflated beta GAMLSS and meta-analysis across studies using random effects models. BMC Bioinform. 2019, 20, 1–15.
[CrossRef]

36. Kim, J.H.; Lee, S.W.; Lee, J.E.; Ha, E.K.; Han, M.Y.; Lee, E.; Kim, C.; Lee, J.H.; Lee, S.W.; Ha, J.E.; et al. Breastmilk feeding during
the first 4 to 6 months of age and childhood disease burden until 10 years of age. Nutrients 2021, 13, 2825. [CrossRef] [PubMed]

37. Snyder, R.; Herdt, A.; Mejias-Cepeda, N.; Ladino, J.; Crowley, K.; Levy, P. Early provision of oropharyngeal colostrum leads to
sustained breast milk feedings in preterm infants. Pediatrics Neonatol. 2017, 58, 534–540. [CrossRef] [PubMed]

38. Romano-Keeler, J.; Azcarate-Peril, M.A.; Weitkamp, J.-H.; Slaughter, J.C.; McDonald, W.H.; Meng, S.; Latuga, M.S.; Wynn, J.L. Oral
colostrum priming shortens hospitalization without changing the immunomicrobial milieu. J. Perinatol. Off. J. Calif. Perinat. Assoc.
2017, 37, 36–41. [CrossRef]

39. Garofalo, N.A.; Caplan, M.S. Oropharyngeal mother’s milk. Clin. Perinatol. 2019, 46, 77–88. [CrossRef] [PubMed]
40. Slomka, V.; Hernandez-Sanabria, E.; Herrero, E.R.; Zaidel, L.; Bernaerts, K.; Boon, N.; Quirynen, M.; Teughels, W. Nutritional

stimulation of commensal oral bacteria suppresses pathogens: The prebiotic concept. J. Clin. Periodontol. 2017, 44, 344–352.
[CrossRef]

41. Fehr, K.; Moossavi, S.; Sbihi, H.; Boutin, R.C.T.; Bode, L.; Robertson, B.; Yonemitsu, C.; Field, C.J.; Becker, A.B.; Mandhane, P.J.;
et al. Breastmilk feeding practices are associated with the co-occurrence of bacteria in mothers’ milk and the infant gut: The
CHILD cohort study. Cell Host Microbe 2020, 28, 285–297. [CrossRef] [PubMed]

42. Zhang, X.; Mushajiang, S.; Luo, B.; Tian, F.; Ni, Y.; Yan, W. The composition and concordance of lactobacillus populations of infant
gut and the corresponding breast-milk and maternal gut. Front. Microbiol. 2020, 11, 2985. [CrossRef]

43. Biagi, E.; Aceti, A.; Quercia, S.; Beghetti, I.; Rampelli, S.; Turroni, S.; Soverini, M.; Zambrini, A.V.; Faldella, G.; Candela, M.; et al.
Microbial community dynamics in mother’s milk and infant’s mouth and gut in moderately preterm infants. Front. Microbiol.
2018, 9, 2512. [CrossRef]

44. Sampaio-Maia, B.; Monteiro-Silva, F. Acquisition and maturation of oral microbiome throughout childhood: An update.
Dent. Res. J. 2014, 11, 291–301.

45. Kolenbrander, P.E.; Palmer, R.J.; Periasamy, S.; Jakubovics, N.S. Oral multispecies biofilm development and the key role of
cell–cell distance. Nat. Rev. Microbiol. 2010, 8, 471–480. [CrossRef]

46. Costello, E.K.; Carlisle, E.M.; Bik, E.M.; Morowitz, M.J.; Relman, D.A. Microbiome assembly across multiple body sites in
low-birthweight infants. mBio 2013, 4, e00782-13. [CrossRef] [PubMed]

47. Ding, T.; Schloss, P.D. Dynamics and associations of microbial community types across the human body. Nature 2014, 509, 357–360.
[CrossRef]

48. Hendricks-Muñoz, K.; Xu, J.; Parikh, H.; Xu, P.; Fettweis, J.; Kim, Y.; Louie, M.; Buck, G.; Thacker, L.; Sheth, N. Skin-to-skin care
and the development of the preterm infant oral microbiome. Am. J. Perinatol. 2015, 32, 1205–1216.

49. Sohn, K.; Kalanetra, K.M.; Mills, D.A.; Underwood, M.A. Buccal administration of human colostrum: Impact on the oral
microbiota of premature infants. J. Perinatol. 2016, 36, 106–111. [CrossRef] [PubMed]

50. Ruiz, L.; Bacigalupe, R.; García-Carral, C.; Boix-Amoros, A.; Argüello, H.; Silva, C.B.; de los Angeles Checa, M.; Mira, A.;
Rodríguez, J.M. Microbiota of human precolostrum and its potential role as a source of bacteria to the infant mouth. Sci. Rep.
2019, 9, 8435. [CrossRef] [PubMed]

51. Ward, R.E.; Niñonuevo, M.; Mills, D.A.; Lebrilla, C.B.; German, J.B. In vitro fermentation of breast milk oligosaccharides by
Bifidobacterium infantis and Lactobacillus gasseri. Appl. Environ. Microbiol. 2006, 72, 4497–4499. [CrossRef]

52. Gregory, K.E.; LaPlante, R.D.; Shan, G.; Kumar, D.V.; Gregas, M. Mode of birth influences preterm infant intestinal colonization
with bacteroides over the early neonatal period. Adv. Neonatal Care Off. J. Natl. Assoc. Neonatal Nurses 2015, 15, 393. [CrossRef]

53. Young, G.R.; Van Der Gast, C.J.; Smith, D.L.; Berrington, J.E.; Embleton, N.D.; Lanyon, C. Acquisition and development of the
extremely preterm infant microbiota across multiple anatomical sites. J. Pediatric Gastroenterol. 2020, 70, 12–19. [CrossRef]

http://doi.org/10.1186/s12859-019-2744-2
http://doi.org/10.3390/nu13082825
http://www.ncbi.nlm.nih.gov/pubmed/34444985
http://doi.org/10.1016/j.pedneo.2017.04.003
http://www.ncbi.nlm.nih.gov/pubmed/28550982
http://doi.org/10.1038/jp.2016.161
http://doi.org/10.1016/j.clp.2018.09.005
http://www.ncbi.nlm.nih.gov/pubmed/30771821
http://doi.org/10.1111/jcpe.12700
http://doi.org/10.1016/j.chom.2020.06.009
http://www.ncbi.nlm.nih.gov/pubmed/32652062
http://doi.org/10.3389/fmicb.2020.597911
http://doi.org/10.3389/fmicb.2018.02512
http://doi.org/10.1038/nrmicro2381
http://doi.org/10.1128/mBio.00782-13
http://www.ncbi.nlm.nih.gov/pubmed/24169577
http://doi.org/10.1038/nature13178
http://doi.org/10.1038/jp.2015.157
http://www.ncbi.nlm.nih.gov/pubmed/26658119
http://doi.org/10.1038/s41598-019-42514-1
http://www.ncbi.nlm.nih.gov/pubmed/31182726
http://doi.org/10.1128/AEM.02515-05
http://doi.org/10.1097/ANC.0000000000000237
http://doi.org/10.1097/MPG.0000000000002549

	Introduction 
	Materials and Methods 
	Subjects and Study Design 
	Group Definition and Oropharyngeal Administration of Colostrum Protocol 
	Sample Collection and DNA Isolation 
	16S rRNA Gene Sequence Processing 
	Data Analysis 
	Statistical Analyses 
	Data Deposition 

	Results 
	Descriptive and Clinical Data 
	Relative Abundance 
	Comparison between Groups after Administration of Colostrum 
	Alpha Diversity 
	Beta Diversity between Groups and after the Intervention 

	Discussion 
	Conclusions 
	References

