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Exploring the Maternal and Infant Oral
Microbiomes
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Irene Yang, PhD, RN; Yi-Juan Hu, PhD; Elizabeth J. Corwin, PhD, RN; Anne L. Dunlop, MD, MPH

ABSTRACT
Setting the stage for good oral health early in life is critical
to long-term oral and overall health. This exploratory study
aimed to characterize and compare maternal and newborn
oral microbiota among mother-infant pairs. Oral samples
were collected from 34 pregnant African American women
and their infants at 1 to 3 months of age. Extracted 16Sr-
RNA genes were matched to the Human Oral Microbiome
Database. Alpha and beta diversity differed significantly be-
tween overall maternal and infant microbiomes. Maternal
or infant alpha diversity, however, was not differentiated
by maternal gingival status. Several demographic and be-
havioral variables were associated with, but not predictive
of, maternal oral microbiome alpha diversity. There was no
association, however, among birth mode, feeding mode,
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and the infant oral microbiome. Megasphaera micronuci-
formis was the only periodontal pathogen detected among
the infants. Notably, maternal gingival status was not as-
sociated with the presence/absence of most periodontal
pathogens. This study provides an initial description of the
maternal and infant oral microbiomes, laying the ground-
work for future studies. The perinatal period presents an
important opportunity where perinatal nurses and providers
can provide oral assessment, education, and referral to
quality dental care.
Key Words: infant care, microbiota, oral health, perinatal
care

O
ral health is critical to overall well-being.1 Not
only does good oral health improve the abil-
ity to speak, chew, and swallow but it also

affects an individual’s self-confidence, self-esteem, and
ability to communicate with others.1 Furthermore, there
is increasing evidence of an oral-systemic connection,
with studies demonstrating associations between poor
oral health and a myriad of extraoral conditions includ-
ing adverse pregnancy outcomes,2 cognitive decline,3–5

rheumatoid arthritis,6 and heart and lung diseases.1 De-
spite the clear evidence pointing to the importance of
good oral health, oral disease abounds in certain popu-
lations related to low oral health literacy,7 multiple bar-
riers to oral healthcare access,8 and lack of integration
between dental care and medical care.9

Although largely preventable, dental caries and pe-
riodontal disease are among the most common chronic
diseases in the United States10 and are particularly ram-
pant among vulnerable populations.11 Almost 40% of
all children aged 2 to 8 years have experienced den-
tal caries in their primary teeth.12 That proportion in-
creases to more than 67% among adolescents aged 16
to 19 years.12 While many may consider cavities to be
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a “normal” part of childhood, consequences can be
significant, including lost school hours and pain, lead-
ing to problems eating, speaking, and learning. For
adults, the most common cause of tooth loss is peri-
odontal disease.10 Periodontal disease is a progressive
chronic disease of the gingiva that begins as a direct
immune response to microorganisms that inhabit the
subgingival space. A survey of the US population sug-
gests that 47% of American adults have a more progres-
sive form of periodontal disease called periodontitis.13

Gingivitis is an even more common, milder form of
the disease that presents as red, swollen, and inflamed
gums. Estimates of overall prevalence of gingivitis are
challenging due to lack of comprehensive data but are
thought to be extremely high.14 Gingivitis is the most
common oral disease in pregnancy and has a preva-
lence of 50% to 70%.15

The etiology of both dental caries and periodontal
disease is polymicrobial, that is, caused by various com-
binations of microorganisms, and occur when there is
a shift in the overall ecological balance of microbes
in the oral cavity.16 For caries, this imbalance is initi-
ated when oral bacteria are exposed to and metabolize
high concentrations of carbohydrate (sugars and refined
starches), producing an acidic environment. This acidic
environment stimulates a shift in the overall community
toward a higher prevalence of acid-loving organisms,
further perpetuating sustained acidity and leading to
the demineralization and breakdown of the hard struc-
tures (enamel, dentin, and cementum) of the teeth.16,17

Known acid-producing organisms include Streptococcus
mutans and species belonging to the genera Actino-
myces, Lactobacillus, Bifidobacterium, Propinonibac-
terium, and Scardovia.16,18 Other taxa that are over-
represented in carious lesions compared with healthy
tooth surfaces include Selenomonas spp,19 Veillonella
parvula, Streptococcus cristatus,20 Streptococcus sobri-
nus, and Lactobacillus acidophilus.21

Reversible symptoms of gingivitis, the earliest stage
of periodontal disease, appear in response to the undis-
turbed development of a biofilm (layer of microor-
ganisms embedded in an extracellular matrix—more
commonly known as “plaque”) shifted toward gram
negative and anaerobic taxa, such as species belonging
to the genera Fusobacterium or Treponema, and mem-
bers of the phylum Synergistetes.14 Without treatment,
gingivitis progresses to the irreversible stage called
periodontitis, marked by the loss of periodontal at-
tachment, further colonization of anaerobic bacteria,
eventual recession of the gingiva, bone loss, tooth mo-
bility, and ultimately tooth loss. Several species asso-
ciated with periodontitis have been identified includ-
ing Porphyromonas gingivalis, Treponema denticola,
Tannerella forsythia,22 Anaeroglobus geminatus, Eu-

bacterium saphenum, Filifactor alocis, Porphyromonas
endodontalis, and unnamed taxa belonging to the phy-
lum Bacteroidetes and the genus Fretibacterium.23

Oral diseases are progressive, cumulative, and grow
in complexity over time, which is why it is vital for
good oral health to be established early in life. The
origin of the neonatal oral microbiome remains poorly
understood. However, there is some evidence that it ap-
pears to be influenced by exposures such as birth mode
(vaginal vs cesarean delivery),24,25 feeding mode (breast
milk vs formula),17,26 and various horizontal transmis-
sion routes (siblings, and other friends and family)26

typically leading to a rapid colonization of the infant
oral microbiome by Streptococcus species and taxa from
the phylum Fusobacteria.21 The transmission of the ma-
ternal oral microbiome may be particularly salient in
establishing a child’s oral microbiome.27 Because the
establishment of the early oral microbiota creates a
foundation for future oral health,28 this exploratory
study aims to characterize and compare the mater-
nal and newborn oral microbiota among mother-infant
pairs.

METHODS

Design

Institutional review board approval was obtained.
Thirty-four pregnant African American women were
enrolled for a pilot study that had a primary aim of
characterizing the subgingival microbiome of pregnant
African American women and their infants between 1
and 3 months of age.29

Setting and sample

Participants were recruited from an ongoing larger in-
vestigation of the associations among a woman’s oral,
vaginal, and gut microbiota during pregnancy and
preterm birth.30 Inclusion criteria for the larger parent
study included self-identification as African American,
18 to 40 years of age, ability to speak and read
English, singleton gestation, no chronic medical prob-
lems, and no use of prescription medications. For the
current study, 34 pregnant women were recruited from
2 prenatal clinics located in Atlanta, Georgia, between
December 2016 and February 2017. Women agreed to
allow inspection of their gingival tissue, collection of
subgingival microbiome samples, and oral swabs of
their infant at 1 to 3 months of age. To be included
in the study, women had to have a minimum of 20 nat-
ural teeth and no professional dental cleaning in the
past 3 months. Because of attrition, only 21 infants had
oral swab samples collected. This article presents the
data for these 21 infants and their mothers. Because of
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the exploratory nature of this aim, sample calculations
were not calculated.

Procedures

During the third trimester of pregnancy, each mater-
nal participant’s mouth was assessed for visual signs
of gingival inflammation using the Modified Gingival
Index (MGI)31 by a single trained examiner. Scores
ranged from “0” (absence of inflammation) to “4”
(severe inflammation).31 Participants with mean MGI
scores less than or equal to “1” (mild inflammation—
partial unit) were placed in the healthy group; those
with scores greater than 1 were assigned to the gin-
givitis group.31 Subgingival plaque samples were col-
lected from participants in both groups using the ster-
ile paper point method.32 Supragingival plaque was
first removed with sterile gauze, and each tooth site
was held dry using cotton rolls while one sterile pa-
per point was inserted into the pocket of a tooth for
20 seconds. This was repeated for 3 teeth. The 3 pa-
per points were pooled and immediately placed in
750 mL of MoBio buffer contained in sterile MoBio
bead tubes (MoBio Laboratories, Incorporate, Carlsbad,
California). Saliva and plaque samples were placed on
ice and transported for storage at −80◦C until ready
for analysis. More details on the collection method for
the maternal subgingival samples can be found in the
report of the parent pilot study.29

Maternal participants were then recontacted 1 to
3 months after giving birth at which time a home
visit was conducted. Infant soft-tissue oral swabs were
collected for oral microbiome analysis using a sterile
HydraFlock swab (Puritan). Swabs were placed in a
standard PowerBead tube (Qiagen) following the pro-
tocol of the Human Microbiome Project.33

DNA isolation and 16S ribosomal RNA gene

library preparation and sequencing

Specimens were sent to Microbiome Insights (Vancou-
ver, British Columbia, Canada) for extraction and se-
quencing. DNA was isolated using the MoBio Power-
Mag Soil DNA Isolation Kit. The highly conserved 16S
ribosomal RNA (16SrRNA) gene, which is widely used
to characterize taxonomic diversity in microbial com-
munities, was polymerase chain reaction amplified with
dual-barcoded primers targeting the V4 hypervariable
region according to the protocol outlined by Kozich and
colleagues.34 Normalized library concentrations of 1 to
2 ng/mL (as per the specifications of the Sequal Prep
normalization kit; Thermo Fisher Scientific, Waltham,
Massachusetts) were used. Amplicons were sequenced
with an Illumina MiSeq using the 250-base pair paired-
end kit (version 2; Illumina, Inc, San Diego, California).

The Bioconductor workflow35 was used to analyze
the microbiome sequencing data. Forward reads were
truncated at 225 and reverse reads at 160. Low-quality
reads were determined on the basis of the quality scores
incorporated into the FASTA files from the Illumina
sequencer. The reads were subsequently de-replicated,
and true sample sequences were inferred from error-
prone raw reads using the Divisive Amplicon Denois-
ing Algorithm (dada2).36 After merging both strands and
eliminating chimeras, a high-quality database was ob-
tained and taxonomies were assigned using the Human
Oral Microbiome Database.37

Additional maternal data collected included demo-
graphic variables (age, income, and education), oral
health behavior variables, and mode of birth. Additional
infant data included feeding method, gestational age at
birth, and age at oral sample collection.

Analysis

Analysis included alpha diversity, a measure of species
diversity within a particular ecosystem, and was per-
formed using phyloseq, an open-source software pack-
age that imports, stores, analyzes, and graphically
displays microbiome census data.38 The simplest alpha
diversity measure is richness, the number of taxa (or
amplicon sequence variants [ASVs]) observed in the
sample, which was calculated after rarefying samples
to a sampling depth of 8287. The Shannon index is
another commonly used alpha diversity metric that de-
scribes both richness and evenness.39 Communities nu-
merically dominated by 1 or a few species exhibit a low
Shannon score, whereas communities in which abun-
dance is distributed equally among species will exhibit
high evenness. The significance of alpha diversity dif-
ferences was tested using the Welch 2-sample t test.
Associations among maternal and infant alpha diversity
scores and maternal and infant variables were investi-
gated using Pearson product-moment correlation coef-
ficients. To explore beta diversity, Bray-Curtis indices
were computed and then visualized on an ordination
plot. Variation in community structure in relationship
to maternal and infant variables was assessed with per-
mutational multivariate analysis of variance (ANOVA)
using 999 permutations for significance testing. Alpha
and beta diversity was also stratified for maternal gingi-
val status.

For both members of the dyad, ASVs were aggre-
gated into each taxonomic rank (phylum, class, or-
der, family, genus, and species). Additional filtering
was performed as recommended by the Bioconductor
workflow,35 including the removal of unnamed phyla
(14 features removed) and the removal of the Gra-
cilibacteria (GN02) phylum, which was observed only
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once. Agglomeration, or grouping of like taxa, was per-
formed at each taxonomic level before plotting, accord-
ing to relative abundance.

Frequencies of the presence of cariogenic and pe-
riodontal pathogens as defined by dental literature, as
well as commensals, were listed for both groups and for
matching maternal-infant pairs and stratified by mater-
nal gingival status. Chi-square for independence tested
the association between maternal gingival status and
presence/absence of particular taxa. Wilcoxon’s rank-
sum test was used to test for differences in the mean rel-
ative abundance of specific species within each group
according to maternal gingival status.

RESULTS
The mean age of maternal participants was 26.19 ± 5.65
years. Other sociodemographic, oral health, birth mode,
and feeding mode characteristics of the participants can
be found in Table 1.

The 6 most abundant phyla in the mater-
nal oral microbiome were Firmicutes, Actinobacte-
ria, Bacteroidetes, Fusobacteria, Proteobacteria, and
Spirochaetes. The oral microbiome of the infants was
primarily dominated by taxa belonging to the phylum
Firmicutes. At the level of the family, the most abun-
dant taxa in the maternal oral microbiome are fairly
well-distributed across several families including Strep-
tococcaceae, Prevotellaceae, Actinomycetaceae, Veil-
lonellaceae, and Fusobacteriaceae. In the infant sam-
ples, however, taxa are dominated by Streptococcaceae.
These patterns remained consistent stratified for mater-
nal gingival status in terms of phylum and family, that
is, the distribution within the healthy/gingivitis maternal
infant groups remained similar to the overall maternal/
infant sample.

Significant differences in measures of alpha diversity
were identified between maternal and infant oral mi-
crobiomes in terms of both richness and evenness as
noted in Figure 1.

Specifically, the maternal oral microbiome had a
higher number of observed features (p < 2 × 10−8)
and a significantly higher Shannon index (p < 2 ×
10−11) than the infant oral microbiome. Within the ma-
ternal and infant groups, there was no alpha diversity
difference when looking across maternal gingival sta-
tus. Alpha diversity in maternal samples was associ-
ated with several maternal factors. Increased age (r =
−0.522, p < .05), education (r = −0.562, p < .001),
and income (r = −0.536, p < .05) were all associated
with decreased richness. Increased age (r = −0.483,
p < .05), education (r = −0.501, p < .05), and in-
come (r = −0.507, p < .05) were similarly associated
with lower Shannon diversity scores. In addition, having

Table 1. Descriptive statistics (N = 42)

Characteristic Frequency, n (%)

Mothers (n = 21)a
Education

Less than high school 11 (52.4)
High school or higher 9 (42.9)
Missing 1 (4.8)

Income
<100% federal poverty level 11 (52.4)
≥100% federal poverty level 9 (42.9)
Missing 1 (4.8)

History of mouth/gum infection
Yes 5 (23.8)
No 14 (66.7)
Missing 2 (9.5)

Brushed teeth in the last 2 d
Yes 16 (76.2)
No 1 (4.8)
Missing 4 (19.0)

Flossed in the last month
Yes 7 (33.3)
No 12 (57.0)
Missing 2 (9.5)

Visited the dentist in the last
month
Yes 1 (4.8)
No 18 (85.7)
Missing 2 (9.5)

Smoked cigarettes in the last
month
Yes 1 (4.8)
No 18 (85.7)
Missing 2 (9.5)

Gingivitis assessed with MGI
b

Yes 6 (28.6)
No 15 (71.4)

Infants (n = 21)c
Sex

Male 8 (38.1)
Female 13 (61.9)

Mode of birth
Vaginal 20 (95.2)
Cesarean delivery 1 (4.8)

Feeding mode
Breast 3 (14.3)
Bottle 8 (38.1)
Breast and bottle 6 (28.6)
Missing 4 (19.0)

Abbreviation: MGI, Modified Gingival Index.
a
Maternal samples collected during the third trimester.

b
MGI > 1 = gingivitis.

cInfant samples collected between 4 and 12 weeks.

seen a dentist in the last 3 months was associated with
a lower maternal Shannon score (r = −0.478, p < .05).
There was no association between infant oral micro-
biome alpha diversity scores and delivery mode or feed-
ing mode. Infant Shannon diversity, however, was in-
versely associated with maternal flossing (r = −0.566,
p < .05).

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

214 www.jpnnjournal.com July/September 2020



Figure 1. For the overall sample of mothers and infants, the maternal oral microbiome displays higher alpha diversity
(richness and Shannon indices). This figure is available in color online (www.jpnnjournal.com).

A visualization of beta diversity with an ordination
plot demonstrated that the maternal and infant oral sam-
ples also clustered separately. Permutational multivari-
ate ANOVA of Bray-Curtis distances confirmed the dis-
similarity of the 2 groups (Pr [>F] < .001; see Figure 2).

The presence of known caries-associated organisms,
periodontal pathogens, and commensals in the mother
and the infant is listed in Table 2.

All were identified as present to some degree in
maternal samples. Cariogenic or periodontal pathogens
were largely absent from the infant oral cavity. Megas-
phaera micronuciformis was the only periodontal
pathogen that was detected among the infant samples.
Although the presence of this organism was detected
more frequently among infants with mothers who had
visual signs of gingivitis (66.7%) than mothers with

Figure 2. This ordination plot reflects a clear separation between maternal and infant
samples. Each point represents 1 microbiome sample. Red reflects infant samples,
and the blue represents infant samples. Shapes differentiate maternal gingival status;
gingival status does not appear to cluster separately. Points that cluster together re-
flect similarity. The separation between the maternal and infant groups was confirmed
statistically with the R2 value, which showed that the percentage of variation between
groups was significant. This figure is available in color online (www.jpnnjournal.com).

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

The Journal of Perinatal & Neonatal Nursing www.jpnnjournal.com 215



Table 2. Percentage of mothers, infants, and mother-infant pairs harboring various organisms

according to maternal gingivitis status

Mother (n = 21) Infant (n = 21)

Mother-infant paira

(n = 21)

Identified oral species Phylum

Healthy

(n = 15)

Gingivitis

(n = 6)

Healthy

(n = 15)

Gingivitis

(n = 6)

Healthy

(n = 15)

Gingivitis

(n = 6)

Caries-associated organisms
Streptococcus mutans Firmicutes 53.3% 16.7% 0b 0b 0b 0b

Veillonella parvula Firmicutes 100%b 100%b 26.7% 0 30.8% 0
Scardovia wiggsiae Actinobacteria 13.3% 16.7% 6.7% 0 0b 0b

Periodontal pathogens
Fusobacterium nucleatum

(sp vincentii)
Fusobacteria 73.3% 100% 0b 0b 0b 0b

Fusobacterium nucleatum
(sp animalis)

Fusobacteria 26.7% 66.7% 0b 0b 0b 0b

Porphyromonas gingivalis Bacteroidetes 26.7% 16.7% 0b 0b 0b 0b

Tannerella forsythia Bacteroidetes 46.7% 33.3% 0b 0b 0b 0b

Prevotella intermedia Bacteroidetes 20.0% 66.7% 0b 0b 0b 0b

Parvimonas micrac Firmicutes 73.3% 100% 0b 0b 0b 0b

Treponema denticola Spirochaetes 40.0% 50.0% 0b 0b 0b 0b

Prevotella nicrescens Bacteroidetes 73.3% 100.0% 0b 0b 0b 0b

Megasphaera
micronuciformis

Firmicutes 20.0% 16.7% 20% 66.7% 0 12.5%

Anaeroglobus geminatus Firmicutes 13.3% 50.0% 0b 0b 0b 0b

Filifactor alocis Firmicutes 40.0% 50.0% 0b 0b 0b 0b

Porphyromonas
endodontalis

Bacteroidetes 53.3% 100.0 0b 0b 0b 0b

Commensals
Streptococcus salivarius Firmicutes 80.0% 66.7% 86.7% 100% 84.6% 50.0%
Lactobacillus gasseri Firmicutes 6.7% 0 26.7% 50.0% 0b 0b

Escherichia coli Proteobacteria 26.7% 16.7% 20.0% 16.7% 15.4% 12.5%

aOrganism present in both mother and infant pair.
bNo statistics computed because of constant value in one category.
c
Higher mean relative abundance among mothers with gingivitis than among those with healthy gums (P < .05).

healthy gums (20%), the difference in the frequency of
detection was not significant. There was no association
between maternal gingival status and the presence of
pathogens or commensals. Commensals were present in
the infant oral microbiome. Streptococcus salivarius, an
organism known as an early colonizer of the oral cavity,
was found in the majority of infant samples. Lactobacil-
lus gasseri and Escherichia coli represent examples of
next-stage colonizers.17 There was no association, how-
ever, between maternal gingival status and the presence
of commensals in the infant oral cavity.

Differences in mean relative abundance for each of
these species were tested. Only Parvimonas micra was
found to be more abundant in mothers who had symp-
toms of gingivitis than among those who had healthy
gums (P < .05).

DISCUSSION
The World Health Organization defines “health” as en-
compassing physical, mental, and social well-being.40

This holistic definition demands the inclusion of oral
health, since the mouth is inextricably linked to the rest
of the body. The association of the maternal and infant
oral microbiomes may inform oral health promotion ef-
forts, allowing health providers, families, and individu-
als to prioritize the promotion of good oral health from
the beginning of life.

The top phyla represented in the maternal micro-
biome were Actinobacteria, Bacteroidetes, Firmicutes,
Fusobacteria, Proteobacteria, and Spriochaetes. This is
consistent with previous findings of nonpregnant pop-
ulations where researchers found that 96% of the bac-
teria in the oral cavity belong to these 6 phyla.41

Of the 6, Firmicutes was most highly represented
within the maternal oral microbiome. The infant mi-
crobiome also largely comprised taxa from the Fir-
micutes, with a lesser abundance of taxa from Acti-
nobacteria, Bacteroidetes, and Proteobacteria. In their
examination of the infant oral microbiome, Tuomi-
nen and colleagues28 similarly found that Firmicutes
was the most predominant phylum in infant oral
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microbiome samples, followed by Proteobacteria or
Bacteroidetes.

By far, the most abundant family of organisms among
this study’s infant participants was Streptococcaceae.
On the other hand, the neonates in the Tuominen and
colleagues28 study had a more even distribution of taxa
at the family level, with only a few samples exhibit-
ing a dominant Streptococcaceae or Lactobacillaceae
profile. The difference in sampling time frame may
explain this difference since the previous researchers
sampled the oral microbiome for their study imme-
diately after birth and prior to any feeding whereas
study samples from this study were taken at 1 to
3 months of age, providing ample time for the bloom
of taxa in the Streptococcaceae family that is common
in early infanthood and associated with the oligosac-
charide stimuli that comes from breast milk or formula
feeding.17

The newborn oral microbiome is largely undifferen-
tiated at birth24 but becomes significantly more diverse
over the first months and years of life.42 Results from this
study confirmed these findings: The infant microbiome
was significantly less diverse than the maternal oral mi-
crobiome, reflecting an early stage of bacterial coloniza-
tion and succession, likely related to the lack of teeth
in the infant’s mouth, and the lack of variety in food in-
take. Microbial community diversity can be described in
2 ways. Alpha diversity describes how many organisms
are present in a community and how evenly these or-
ganisms are distributed. Richness (observed taxa) and
evenness (Shannon index) are common ways to de-
scribe diversity within a bacterial community, as previ-
ously described. The maternal oral microbiome had a
higher number of observed taxa that were more evenly
distributed than the infant microbiome. For the oral mi-
crobiome, a higher alpha diversity, particularly richness,
is thought to increase the risk of disease.43 This is related
to the process of biofilm formation that provides an en-
vironment for a successively more diverse and abun-
dant bacterial community.43 Looking within groups and
across maternal gingival status, there was no difference
in diversity between women who had signs of gingivitis
and women who did not. Similarly, there was no differ-
ence in diversity between infants of mothers with and
without symptoms of gingivitis. Factors associated with
poor oral health include increased age, lower socioe-
conomic status, and certain behaviors such as smoking.
Because of this, a positive association between alpha di-
versity and these factors was expected. Indeed, results
confirmed that having a lower income and education
level are associated with increased alpha diversity of
the maternal oral microbiome. Increased education was
also associated with decreased observed abundance in
the infant microbiome.

Although increasing age is associated with declin-
ing oral health, results of this study suggest that mater-
nal age is associated with decreased alpha diversity, in
terms of both richness and evenness. Although the liter-
ature on the association between aging and the oral mi-
crobiome is inconclusive, studies suggest that the dom-
inant species that constitute the adult oral microbiome
do not change44 but changes in the microbial ecosys-
tem can occur related to age-associated deterioration in
mucosal immunity and/or general health.45

Oral hygiene behaviors also had an association with
maternal and infant alpha diversity. Toothbrushing in
the past 2 days was associated with lower maternal ob-
served abundance, which is consistent with the notion
that regular toothbrushing will mitigate plaque buildup.
Maternal flossing in the past month was also associated
with decreased alpha diversity among the infant oral
microbiome, suggesting that maternal hygiene behav-
iors may affect the composition of the infant oral micro-
biome. Having seen a dentist in the last month was also
associated with a lower maternal Shannon score, sug-
gesting that whatever procedure was performed dur-
ing the visit reduced the evenness of the maternal
microbiome.

Beta diversity describes the difference between mi-
crobial communities from 2 different environments. The
plot of the quantitative nonphylogenetic Bray-Curtis
metric clearly demonstrates the dissimilarity between
the microbiota of the members of the maternal-infant
dyad.

Although research suggests that the acquisition of
the infant oral microbiome is influenced by maternal
factors including mode of birth,26 maternal gut,46 skin,47

and breast milk,48 this study found no association be-
tween birth mode, feeding mode, and the infant oral
microbiome. This inconsistency, however, may be ex-
plained by the modest sample size, infant participants 1
to 3 months age (other studies sampled the infant oral
microbiome swab shortly after birth),28 and the fact that
many of the infant participants were partially or fully
formula-fed, thereby diluting the impact of breastfeed-
ing on the oral microbiome.

The early years are critical for acquiring certain
bacteria.21 Streptococcus salivarius is one of these
organisms. It was present in 85.7% of this study’s infant
samples, confirming previous findings that this organ-
ism is the predominant microorganism in the early oral
cavity.49 In vitro human and animal studies suggest that
this organism that also lives in the gut may contribute
to the establishment of immune homeostasis and reg-
ulation of host responses.50 Other reported commensal
early colonizers, which were not detected among this
study’s maternal or infant samples, are Streptococcus
mitis, Streptococcus sanguinis, and Streptococcus
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gordonii.51 The dominance of these organisms is
strongly associated with good oral health.51 The rapid
domination of Streptococcus spp is associated with
oligosaccharide stimuli; the metabolic by-products of
the oligosaccharides in breast milk or formula may
contribute to an oral environment for other commen-
sals to thrive.16 Commensal species that increase in
abundance as the infant matures include E coli, Lacto-
bacillus crispatus, and L gasseri. Although L crispatus
was not identified among this study’s identified
sequences, E coli and L gasseri were present among
infant samples.

Streptococcus mutans has been isolated in the
mouths of infants as young as 6 months52; however,
few studies have identified this organism among
younger infants. Streptococcus mutans was not iden-
tified among the infant samples in this study. A strong
rationale for this is that S mutans colonizes and thrives
on the dental surface, and infants in this study were all
toothless (edentulous).

Overall, the detection of periodontal pathogens was
limited among the infant samples in this study. Fusobac-
terium nucleatum is an opportunistic pathogen and is
ubiquitous in the oral cavity of adults.21 It may even
be transmitted hematogeneously to the uterus, inducing
preterm birth.53 This organism is also present in the gen-
itourinary tract and may confer perinatal translocation.21

Although it was detected in all of the mothers who had
visual signs of gingivitis and most of the mothers with
healthy gums, it was not identified in any of the in-
fant samples. In contrast to our findings, Merglova and
Polenik21 found that F nucleatum was present in eden-
tulous infants. Porphyromonas gingivalis and some of
the other known periopathogens were also not detected
among the infant samples. These pathogens, however,
are known to live and thrive in the subgingival pocket,
which these young infants do not yet have.

Megasphaera micronuciformis was the only
pathogen detected among the study’s infant samples,
regardless of maternal gingival status. This organism
was first isolated in 2003 and appears to be widely
distributed in the oral cavity.54 It has been associated
with oral tumor tissues55 and with periodontal disease.56

This organism was found in 12.5% of the mother-infant
dyads, where the mother had signs of gingivitis,
suggesting the possibility of horizontal maternal-child
transmission. This suggestion is not unprecedented
since periodontal pathogens cluster in families and
horizontal transmission of organisms is known to occur
between family members.57 Adhikari and colleagues58

also demonstrated a correspondence between maternal
and newborn P gingivalis levels. Therefore, acquisition
of pathogens via salivary contact may be possible
and this has implications for management of maternal

periodontal disease and perinatal teaching to mitigate
behaviors that might transmit saliva.

Notably, maternal gingival status was not associ-
ated with the presence/absence of most periodontal
pathogens. This is possibly attributable to the limited
range of disease in this small cohort; gingivitis in preg-
nancy tends to be mild. Parvimonas micra was the only
taxa that had a higher mean relative abundance among
mothers with gingivitis than among those with healthy
gums.

Clinical implications

The perinatal period is a unique window of opportu-
nity where perinatal nurses and providers can provide
oral assessment, education, and referral to quality dental
care. Although frequently overlooked, oral assessment
and examination are important components of the peri-
natal examination, particularly for women in disadvan-
taged communities who may not have ready or regular
access to professional dental care.59

Perinatal nurses and providers can provide education
and guidance to raise awareness about the importance
of good oral health for a healthy pregnancy and over-
all maternal and newborn health. Education promoting
healthy eating habits for a healthy oral cavity includes
lowering sucrose intake and reducing acidic beverage
consumption in order to minimize suboptimal bacte-
rial colonization and cavity development. In addition,
the overall healthy diet recommended for pregnancy
has the added benefit of promoting a healthy mouth.60

Essential for good oral hygiene habits is routine tooth-
brushing and flossing, which are key to both maternal
oral health and overall pregnancy health. Anticipatory
guidance in the antenatal period for neonatal oral health
includes the promotion of exclusive breastfeeding un-
til the infant reaches 6 months of age, with continued
breastfeeding as complementary foods are introduced
through the infant’s first year or longer, as desired by
the mother and the infant.61 Not only do the oligosac-
charides found in breast milk encourage the healthy
bloom of commensal Streptococcus spp in the newborn
but also Lactobacillus spp isolated from the oral cavity
of breastfed children have a suppressive effect on car-
iogenic S mutans.17 Supplementation of fluoride may
also be advised depending on infant feeding mode and
community water fluoridation.59 A perinatal woman’s
oral health status is an essential consideration for edu-
cation. Periodontal treatment and the avoidance of ac-
tivities that expose the infant to saliva, for example,
kissing, and sharing or prechewing of food and shar-
ing of utensils58,62,63 are recommended for women with
chronic periodontal disease who risk transmission of
pathogens to their infants.
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A health equity lens is critical when thinking about
clinical implications for maternal-newborn oral health.
Poor oral health disproportionately affects socioeco-
nomically disadvantaged communities and racial/ethnic
minority groups.11 These disparities are exacerbated by
lack of prevention and intervention. Access to quality
dental care is a primary reason for these inequities.8

Perinatal nurses and providers have the unique oppor-
tunity to provide pregnant women who do not have
a “dental home”59 with options for accessible quality
dental care. Modeled after the medical home concept,
the dental home describes a dentist who provides com-
prehensive and accessible care during pregnancy and
beyond to both the woman and her child.59 A stream-
lined and seamless referral process between the peri-
natal provider and dental home is critical. Furthermore,
in states where Medicaid dental insurance for perinatal
women is lacking, nurses and providers would do well
to form coalitions to advocate for Medicaid coverage
for comprehensive dental care for women throughout
the perinatal period.

The results of this study contribute to the litera-
ture and lay the groundwork for future, in-depth re-
search investigating the relationship between the ma-
ternal and infant oral microbiomes, oral health, and
systemic health. Future microbiome research studies
are imperative for researchers who seek to understand
the biobehavioral underpinnings of maternal-newborn
health and for clinicians who directly assess, educate,
and care for pregnant women and newborns. Specifi-
cally, research is needed to understand factors that af-
fect the acquisition and progression of the newborn
oral microbiome from birth onward. Particular maternal
factors to consider include the presence of oral disease,
oral hygiene behavior, diet and nutrition, and socioeco-
nomic factors that lead to health disparities. Newborn
factors include infant nutrition (breast milk/formula),
birth mode, and gestational age at birth. A deeper un-
derstanding of factors influencing the infant oral mi-
crobiome in addition to the function and diversity of
the microbiome will inform perinatal education regard-
ing the importance of oral hygiene behaviors and oral
healthcare. Future research may also be instrumental
in the development of new tools and diagnostics that
shape prenatal oral health assessment, education, and
intervention guidelines to promote healthy mouth for
both the mother and the infant.

Limitations

Limitations of this study include its cross-sectional study
design and modest sample size. Although the Human
Oral Microbiome Database offers a well-curated and
up-to-date database for 16SrRNA sequences, the se-
quencing technology limits the resolution with which

to identify taxa. Despite these limitations, given that
few studies have investigated the maternal and infant
oral microbiomes, this study enhances the preliminary
understanding of this topic.

CONCLUSION
Findings from this study provide an initial description
of the maternal and infant oral microbiomes. Various
factors from feeding, social and environmental factors,
and maternal behaviors that transmit organisms likely
play a role in the maturity of this microbiome. De-
spite the many consequences of untreated oral dis-
ease and what is known about the importance of oral
health to overall health, the majority of Americans take
oral health for granted. The perinatal window provides
a unique opportunity for healthcare professionals to
assess, educate, and intervene in the oral health of
maternal-newborn populations, increasing the poten-
tial of a long-term healthy oral cavity for both mothers
and infants.
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