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ORIGINAL ARTICLE

Buccal administration of human colostrum: impact on the oral
microbiota of premature infants

K Sohn', KM Kalanetra?, DA Mills> and MA Underwood'

OBJECTIVE: To determine whether the administration of mother’s colostrum into the buccal pouch in the first days of life alters the

oral microbiota compared with control infants.

STUDY DESIGN: In this pilot study, 12 very low birth weight (VLBW) infants were randomly assigned to receive either colostrum
from their mothers directly into the buccal pouch every 2 h for 46 h or standard care. We analyzed the oral microbiota at initiation

and 48 and 96 h later using next-generation sequencing.

RESULT: The oral microbiota changed markedly over the 96 h period in all babies. Patterns of colonization differed between groups
with Planococcaceae, the dominant family at 48 and 96 h in the colostrum group, and Moraxellaceae and Staphylococcaceae, the
dominant families at 48 and 96 h, respectively, in the control group.

CONCLUSION: Buccal administration of mother’s colostrum to VLBW infants influenced the colonization of the oral cavity with

differences persisting 48 h after completion of the intervention.
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INTRODUCTION

Human colostrum contains cytokines, antimicrobial peptides and
proteins, hormones, cellular immune components and other
biological substances that have immunomodulatory effects upon
lymphoid tissues.' These benefits may be especially important
for very low birth weight (VLBW) infants, who are at greatly
increased risk for infection due to prematurity. Ingested colostrum
shapes the gut microbiota, decreases the risk of necrotizing
enterocolitis*> and provides protective anti-inflammatory
molecules with the potential to blunt the often exuberant
inflammatory response of premature infants.® However, many
small premature infants are not fed for several days after birth.
Administration of small volumes of colostrum directly into the
buccal cavity of intubated premature infants has been shown to
be feasible and safe.”® One study suggested that buccal colostrum
may be nutritionally beneficial leading to improved growth,® while
another demonstrated a decreased risk of clinical sepsis
(though this study was not powered to examine sepsis as an
outcome).’

Additional theoretical benefits of buccal colostrum include
stimulation of the oropharyngeal-associated lymphatic tissues,'®
decreased risk of ventilator-associated pneumonia'’ and altera-
tion of the oral microbiota. Several neonatal intensive care units
have adopted this practice’® although evidence for benefit is
limited. Oral swabbing with chlorhexidine has been shown to
decrease the risk of ventilator-associated pneumonia in adult
intensive care unit patients.'® A recent retrospective cohort study
of mechanically ventilated VLBW infants found oral care with
mother’s own milk (colostrum, transitional milk and mature milk)
was feasible and safe, however there were no differences in health
outcomes (rate of positive tracheal aspirates, positive blood
cultures, the number of ventilator days and length of stay)
between the 68 infants receiving the intervention and the 70
infants that did not.'* The largest retrospective cohort study

to date, comparing 89 premature infants who received
‘oropharyngeal’ colostrum and 280 premature infants who did
not, demonstrated no differences in the incidence of necrotizing
enterocolitis or nosocomial infection® To date, there is no
evidence that oral care with colostrum alters the oral microbiota
or decreases the risk of ventilator-associated pneumonia in
premature infants. We sought to add to the literature by
conducting a pilot study of the impact of colostrum on the
composition of the oral microbiota in premature infants.

METHODS

Study design

We conducted a randomized controlled clinical trial from November 2013
to October 2014 in the neonatal intensive care unit of the University
of California Davis Children’s Hospital in Sacramento, California. The
University Institutional Review Board reviewed and approved the protocol.
The trial was registered at clinicaltrials.gov (NCT02306980). For this pilot
study, a sample size of 12 patients was chosen based on feasibility of
completion with recognition that such a study is only powered to
demonstrate large differences in the primary outcome but is useful for the
generation of preliminary data to more accurately justify a larger study. For
example, assuming alpha 0.05 a sample size of six in each group could
identify a change in the percentage of a single bacterial taxon from 95 to
8% with power 0.80.

Participants

Neonates were screened upon admission to the neonatal intensive care
unit to determine eligibility. Inclusion criteria included birth weight
< 15009, age < 7 days, intubation within 48 h of birth and availability of
maternal colostrum. Neonates with a lethal medical condition were
excluded. One of two investigators met with parents of eligible infants
in person to inform them of the purpose of the study, describe the
intervention and explain possible benefits and risks. Their questions were
answered and additional meetings were arranged as needed to answer
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(N=56)

Assessed for eligibility
Birth weight < 1500g

Age <7 days
(N=31)

Met Eligibility Criteria
Birth weight < 1500 g

Intubated within 48 hours of birth

Excluded (N=19)

Refused to participate (N=2)

No available colostrum (N=6)
Unable to contact for consent (N=4)
Early death (N=6)

Lethal condition (N=1)

Randomized (N=12)

Allocated to intervention Allocated to control
(N=6) (N=6)
Analyzed Analyzed
(N=6) (N=6)

Figure 1. Flow chart of patient enrollment.

additional questions. After informed parental consent was obtained, each
neonate was randomly assigned to the colostrum or standard care group.
Twins were randomized together. The study was not blinded for two
reasons. First, a placebo of sterile water does not look or smell like
colostrum (even with taping or opaque syringes it is possible to see the
liquid in the buccal pouch) and could potentially alter or dilute the oral
microbiota. Second, administration of a standard placebo such as
maltodextrin or lactose powder in water could potentially alter the oral
microbiota as both are potential prebiotic substrates for oral microbes.
Initiation and advancement of feedings were based on an established
protocol.

Intervention and sample collection

Six of the twelve neonates were randomly assigned to the colostrum group
using sealed opaque envelopes. Bedside nurses administered 0.2 ml of the
mother’s colostrum via sterile syringe into the baby's oral cavity
(0.1 ml into each buccal pouch) every 2 h for 46 h regardless of whether
the infant was receiving trophic feeds. The other six neonates received
routine care. Using sterile cotton-tipped applicators, oral samples were
collected from both groups just before initiation. Applicators were held in
one lower buccal pouch for 5 s then gently swabbed inside the same cheek
for 55, then repeated on the opposite cheek with the same applicator.
Additional oral swabs were collected 2 h after completion of intervention
(at 48 h) and 50 h after completion of intervention (at 96 h). Samples were
collected from the control group at the same intervals, with initiation
timed to availability of maternal colostrum for consistency. For uniformity
of swabbing technique, three investigators collected all samples.
Applicator tips were placed in sterile labeled 2-ml Eppendorf tubes and
stored at —40 °C immediately after collection.

Next-generation sequencing

DNA extraction and library construction was performed as described
previously'> with the following changes. DNA was extracted as described
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and the V4 region of the16S rRNA gene was amplified with barcoded
primers F515 and R806. PCR amplification was carried out with initial
denaturation of 2min at 94 °C, followed by 30 cycles of 95°C for 455,
50°C for 60s and 72°C for 90s, and a final extension step at 72°C for
10 min. Samples were submitted to the UC Davis Genome Center DNA
Technologies Core for sequencing on an lllumina MiSeq instrument
(Illumina, San Diego, CA, USA). QIIME software package (University of
Colorado, Boulder, CO, USA, version 1.8.0) was used for quality filtering and
demultiplexing the resulting sequencing data.'® Operational taxonomic
units were assigned using UCLUST (drive5.com, Tiburon, CA, USA) based
on 97% pairwise identity'” and taxonomic classification was based on
the Ribosomal Database Project classifier (Michigan State University,
East Lansing, MI, USA) against a representative subset of the Greengenes
16S rRNA database (Second Genome, South San Francisco, CA, USA,
gg_13_8 release).”®'® Unassigned taxa mapping to human mitochondrial
DNA were filtered out of the results before the final statistical analysis.

Statistical analysis

Linear discriminate analysis effect size (commonly referred to as LEfSe) is a
useful tool for comparing complex microbial communities with low false-
positive discovery rates; it utilizes the Kruskal-Wallis test and then the
Wilcoxon test on subclasses to determine a signed (positive or negative)
log score to estimate a biological effect.?” Comparisons between taxa at 48
and 96 h were also performed with the t-test assuming unequal variance
(Stata version 12.1, StataCorp, College Station, TX, USA). As this is a pilot study
with the purpose of generating hypotheses, we reported P-values < 0.1.

RESULTS

Of the 56 VLBW infants born or transferred to UCDMC neonatal
intensive care units from November 2013 to October 2014, 12
were included and randomly assigned to the colostrum or usual
care group (Figure 1). Consent was obtained within 36 h after birth
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Table 1. Patient demographics and baseline characteristics
Colostrum group,  Control group,
N=6 N=6

Gestation age, week 27 (25-30) 27 (25-28)
Birth weight, g 1092 (490-1350) 1015 (735-1300)
Maternal antibiotics (>4 h PTD) 3 (50) 3 (50)
Maternal steroids (2 doses) 3 (50) 1(17)
Gender (M, F) 2,4 3,3
Delivery type (vag, c/s) 1,5 1,5
Apgar at 1 min 5 (2-8) 4 (1-7)
Apgar at 5min 8 (7-8) 5 (1-8)
Ventilator days 3 (1-80) 1(1-16)
Antibiotic days 2 (0-7) 2 (2-16)
Age at first feeding (days) 2.5 (1-3) 2 (1-3)

Age at full feeds (days) 17 (14-41) 13 (9-24)
Abbreviations: c/s, cesarean section; PTD, prior to delivery; vag, vaginal.
Values are median (range) or number (%).

for all infants. Table 1 shows the baseline characteristics of the
study population; there were no significant differences between
groups. Median age of colostrum initiation was 39 h (range 32 to
87). All six babies randomized to the treatment group completed
46 h of buccal colostrum administration (total of 24 doses per
infant). A total of 36 specimens were analyzed for bacterial
composition (three swabs from each infant).

Figure 2 shows the relative abundance of bacterial taxa at the
family level. At enrollment, hour O, the two groups were very
similar. At 48 h the colostrum group had a significantly lower
percentage of Moraxellaceae (t-statistic —2.91, Satterthwaite’s
degrees of freedom 5.36, P=0.03) and at 96 h the colostrum group
had a significantly lower percentage of Staphylococcaceae
(t-statistic —3.21, Satterthwaite’s degrees of freedom 9.36,
P=0.01) and a trend toward a greater percentage of Planococca-
ceae (t-statistic 2.06, Satterthwaite’s degrees of freedom 5.08,
P=0.09). Figure 3 presents the microbiota for each individual
infant at each time point. Note that by 96 h, for five of the six
infants in the control group Staphylococcaceae are the dominant
organism, whereas this was the case for only one of the six infants
in the colostrum group.

The LEfSe analyses for all babies over the time of the study are
summarized in Figure 4; at the phylum level Proteobacteria and
Actinobacteria are significantly greater at time zero and Firmicutes
are greater at 96 h (primarily explained by increases in the family
Staphylococcaceae). The changes over time were more highly
significant than the changes between groups.

Table 2 summarizes the clinical outcomes. In the colostrum
group, one patient (infant E) developed late-onset Candida
parapsilosis sepsis and endocarditis, diagnosed on day of life 19.
One patient (infant J) developed ventilator-associated pneumonia
on day of life 27, as evidenced by a single organism in the culture
from the endotracheal aspirate (Enterobacter cloacae), an acute
respiratory deterioration and pneumonia on chest radiograph.
One patient (infant A) developed pneumonia on day of life 22,
while on nasal cannula; aspirate from a freshly inserted
endotracheal tube grew Staphylococcus aureus. One patient
developed stage 3 necrotizing enterocolitis requiring colectomy
at day of life 28 (infant A) and another developed stage 2
necrotizing enterocolitis at day of life 15 (infant I). Three patients
developed chronic lung disease, defined as oxygen requirement at
36 weeks corrected gestational age or discharge if sooner.

In the control group, one patient (infant B) developed stage 2
necrotizing enterocolitis on day of life 21 with blood culture
positive for Streptococcus bovis. One patient (infant G) had late-
onset group B streptococcus sepsis at 6 weeks of life. One patient
(infant H) developed early-onset Escherichia coli sepsis and
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Figure 2. Mean relative abundance of oral bacteria at the family

level for each group at initiation (time 0) and 48 and 96 h later.
The numbers represent the six most common taxa.

meningitis and died on day of life 16. Two patients developed
chronic lung disease.

DISCUSSION

To the best of our knowledge, this is the first randomized
controlled clinical trial to evaluate changes that occur in the oral
microbiota of VLBW infants after the administration of mother’s
colostrum into the buccal pouch. Although there have been
studies evaluating the oral microbiome in humans, from the
neonatal period through adulthood,?’** we could find only one
study of the oral microbiota of premature babies (analysis at
1 month of age).**

As many as 19000 distinct phylotypes of organisms colonize
the adult oral cavity.>® The predominant species of the buccal
epithelium in adults have been shown to be Streptococcus and
Gemella.?' During pregnancy, the amniotic fluid can become
colonized with maternal oral microorganisms. These organisms,
often associated with maternal periodontal disease, reach the
normally sterile environment via transient bacteremia and likely
represent a clinically significant risk factor for preeclampsia,
preterm labor and low-birth weight babies.>*** The mouths of
VLBW infants can, therefore, be colonized with these organisms
even before birth.

Shortly after birth, neonatal bacterial communities are similar
across anatomic sites and heavily influenced by delivery type
(vaginal versus cesarean). Term infants born via vaginal birth
typically have similar oral flora to their mother’s vaginal
microbiota, which are predominantly Lactobacillus, Prevotella or
Sneathia species, while the mouths of babies born by cesarean are
typically colonized by bacteria similar to their mother’s skin, such
as Staphylococcus, Corynebacterium and Propionibacterium.®® The
low numbers of vaginal births in this pilot study preclude any
observations about influence of delivery mode on response to
buccal colostrum.

In the first days of life, neonates are exposed to bacteria
from a variety of environmental sources heavily influenced
by feeding and time in the hospital. In term neonates, the
pioneers of oral colonization are predominantly Staphylococcus
and Streptococcus.?? In premature infants, colonizers of the mouth
by 1 month of age are predominantly Staphylococcus, Strepto-
coccus, Corynebacterium, Pseudomonas, Enterobacter, Neisseria,
Acinetobacter, Stenotrophomonas, Gamella, Propionibacterium,
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Figure 3.

Enterococcus and Cedecea.® In the first few days of life, at the
family level we found the predominant oral bacteria in VLBW
neonates to be Moraxellaceae, Mycoplasmataceae, Caulobacter-
aceae, Planococcaceae and Pseudomonadaceae with significant
changes over the first days of life in both groups of infants.

Planococcacea are non-pathogenic environmental Gram-
positive bacteria (phylum Firmicutes, order Bacillales) that are
not associated with disease and not typical of the oral microbiota
of the adult. Pasteurellaceae are Gram-negative bacteria (phylum
Proteobacteria, order Pasteurellales), most of which are commen-
sal organisms of the upper respiratory tract; while the species
Haemophilus influenzae is in this family, it is not a common
pathogen in the premature neonate. Moraxellaceae are also Gram-
negative Proteobacteria (order Pseudomonadales), most of which
are environmental organisms; while the upper airway pathogenic
species Moraxella catarrhalis is in this family, it is also not a
common pathogen in the premature neonate. Staphylococcaceae
(Gram-positive, phylum Firmicutes, order Bacillales) are common
colonizers of the skin and oral cavity of adults and infants.
This family includes several commensal genera that colonize
the mucous membranes as well as species that are
common pathogens in premature infants including S. aureus
and S. epidermidis.

Administration of mother’s colostrum into the mouth of the
intubated premature infant has been proposed as a method of
influencing the oropharyngeal lymphatic tissue with both local
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and systemic effects and of decreasing the risk of ventilator-
associated pneumonia. Studies to date of this increasingly
common intervention have demonstrated safety and feasibility
and suggest a possible benefit in decreased time to full enteral
feeding and decreased risk of sepsis.®'® Our study adds to the
literature the first description of the oral microbiota of the VLBW
infant in the first days of life (control group) and the first
demonstration of alterations in the oral microbiota with colos-
trum. Large studies would be required to demonstrate a benefit
of buccal administration of colostrum to prevent ventilator-
associated pneumonia, sepsis or necrotizing enterocolitis
(for instance, a recent study of probiotics to prevent sepsis
included 1100 premature infants).>” Perhaps the most clinically
significant change in this study is the marked differences seen in
relative abundance of Staphylococcaceae at 96 h. On the basis of
these pilot data, to confirm a similar difference in percentage of
Staphylococcaceae of this magnitude (73% of the oral bacteria in
the control group versus 17% in the colostrum group at 96 h)
would require a sample size of 15 per group (assuming alpha 0.05
and beta 0.20).

This study has several limitations. The timing of the intervention
and sample collection was dependent on availability of maternal
colostrum, which was variable in both groups. Given the marked
changes over time in the oral microbiota in this population and
the small sample size, this may have influenced the ability to
detect true differences between groups. In addition, the duration
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Table 2. Clinical outcomes during the NICU hospitalization

Colostrum group, Control group,
N=6 N=6

NEC (stage 2, 3)
Early-onset bacterial sepsis
Early-onset fungal sepsis
Late-onset bacterial sepsis
Late-onset fungal sepsis
VAP

Other pneumonia

CLD

Death

1

o

—_

OW===000"
—_

_NOOONO="

Abbreviations: CLD, chronic lung disease; NEC, necrotizing enterocolitis;
NICU, neonatal intensive care unit; VAP, ventilator-associated pneumonia.
Values are numbers of patients.

of the intervention (48 h) is less than some previous interventions
and may have limited effects on the oral microbiota. Given the
compelling evidence that colonizing microbes influence the host
innate immune system,?® it would have been valuable to measure
markers of immune response and correlate these with the oral
microbiota; such correlations may be of value in determining
mechanisms of protection in future studies. Finally, the small
sample size precludes any definitive conclusions about prevention
of oral dysbiosis with colostrum administration, however the
purpose of pilot studies is to generate hypotheses and explore
feasibility of future larger trials.
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Changes in the oral microbiota over time in all 12 infants. Linear discriminate analysis (LDA) score >2 is comparable to a

CONCLUSION

The results of this pilot study support the hypothesis that the oral
microbiota of preterm babies is altered by colostrum administra-
tion, though the differences between groups were not as
significant as the changes in the entire group over time.

There were no significant differences between groups in clinical
outcomes in this study, though this study was not powered to
determine differences in these outcomes. Larger studies, powered
to determine differences in sepsis, chronic lung disease and
pneumonia, are indicated before widespread adoption of this
intervention. Inclusion of analysis of the oral microbiota and
changes in markers of the innate and adaptive immune systems in
these studies may help shed light on possible mechanisms of
protection.
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