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Background
In 2015, early childhood caries (ECC) affected 21.4% of US 
children (Fleming and Afful 2018). Children with ECC are 
more likely to develop subsequent caries in their primary and 
permanent teeth (Berkowitz 2003; Leong et al. 2013). Teng  
et al. (2015) used temporal patterns of the salivary microbiome 
to predict onset of ECC among children followed from age 4 to 
6 y, but studies describing salivary microbiome dynamics from 
infancy to age 2 y are few. Two Swedish cohorts revealed that 
the oral microbiome increases in alpha diversity during early 
childhood and that microbiome composition is associated with 
breastfeeding and route of delivery (Dzidic, Abrahamsson,  
et al. 2018; Dzidic, Collado, et al. 2018; Kennedy et al. 2019). 
To date, there are no similar studies conducted in US high-risk 
populations.

Also of interest is whether mothers transmit cariogenic bac-
teria to their children, putting them at higher risk of dental car-
ies (previously reviewed by De Abreu Da Silva Bastos et al. 
2015). We found no studies that assessed transmission of the 
oral microbiome and specific microbes from mother to child. 
Several microbes are of interest. Streptococcus mutans and 
Streptococcus sobrinus have a known association with dental 
caries (Kishi et al. 2009), and Candida albicans is detected 
more frequently in children with ECC than in caries-free 

children (Xiao, Huang, et al. 2018). Furthermore, C. albicans 
often occurs with S. mutans in plaque biofilms from children 
with dental caries (de Carvalho et al. 2006). Streptococcus 
mitis and Streptococcus oralis are commensals but may 
enhance colonization of tooth surfaces by other microbes; they 
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Abstract
Oral microbiomes vary in cariogenic potential; these differences may be established early in life. A major concern is whether mothers 
transmit cariogenic bacteria to their children. Here we characterize early salivary microbiome development and the potential associations 
of that development with route of delivery, breastfeeding, and mother’s oral health, and we evaluate transmission of microbes between 
mother and child. We analyzed saliva and metadata from the Center for Oral Health Research in Appalachia. For this cohort study, 
we sequenced the V6 region of the 16S rRNA gene and used quantitative polymerase chain reaction to detect Streptococcus mitis, 
Streptococcus sobrinus, Streptococcus mutans, Streptococcus oralis, and Candida albicans in the saliva from mothers and their infants, collected 
at 2, 9, and 12 mo (Pennsylvania site) and 2, 12, and 24 mo (West Virginia site). Breastfed children had lower relative abundances of 
Prevotella and Veillonella. If mothers had decayed, missing, or filled teeth, children had greater abundances of Veillonella and Actinomyces. 
There was little evidence of maternal transmission of selected microbes. At 12 mo, children’s microbiomes were more similar to 
other children’s than to their mothers’. Infants’ salivary microbiomes became more adult-like with age but still differed with mothers’ 
microbiomes at 12 mo. There was little evidence supporting transmission of selected microbes from mothers to children, but risk of 
colonization was associated with tooth emergence. Children are likely to acquire cariogenic bacteria from a variety of sources, including 
foods and contact with other children and adults.
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also have a potentially mutualistic relationship with C. albi-
cans (Bertolini and Dongari-Bagtzoglou 2019).

Our study closes these gaps by characterizing the develop-
ment of the salivary microbiome in 101 healthy infants from a 
cohort in Appalachia at high risk of caries (Neiswanger et al. 
2015). We also compare the salivary microbiomes of mothers 
and infants and the presence of selected microbes over time, as 
assessed with quantitative polymerase chain reaction (qPCR). 
Three main hypotheses are evaluated: 1) the infant salivary 
microbiome is dynamic but stabilizes over time; 2) the route of 
delivery and the duration of breastfeeding are associated with 
bacterial diversity and composition; and 3) selected microbes 
are transmitted from mother to child. While our results confirm 
the first 2 hypotheses and are consistent with the literature, we 
did not find strong evidence supporting transmission of micro-
biome composition or specific species from mother to child. 
Acquisition of selected microbes was more associated with 
age-dependent development.

Methods

Study Population and Protocol

We studied a subset of 101 mother-infant pairs from the 1,172 
participants in the COHRA 2 cohort (Center for Oral Health 
Research in Appalachia; Neiswanger et al. 2015). COHRA 2 
recruited pregnant Caucasian women aged >17 y between 12- 
and 29-wk gestation, excluding those who had tuberculosis or 
were immunocompromised. Only infants born at ≥35-wk ges-
tation without any serious medical conditions were included.

A trained, calibrated dental professional assessed each par-
ticipant’s oral health status and collected oral specimens. 
Formal training/calibration sessions were conducted on a regu-
lar basis for examiners from all sites. Interrater reliability 
scores (Cohen’s kappa) for sound, decayed, and filled group 
surface codes ranged from 82.1 to 92.5. Specific protocols for 
the clinical examination and calibration are described else-
where (Neiswanger et al. 2015).

Mothers were instructed not to eat or brush their teeth for 
1 h before their visit and not to feed their infants 1 h before the 
infant dental examination. Saliva was collected from mothers 
during their dental examination, usually ≥2 h into their appoint-
ment. Saliva was collected with OMNIgene Discover OM-501 
or OM-505 collection kits (DNA Genotek Inc.) either by spit-
ting (mothers) or swabbing DNA Genotek sponge swabs 
(infants). COHRA research staff and the University of 
Pittsburgh Center for Social and Urban Research conducted in-
person and telephone surveys regarding mothers’ oral health, 
demographics, and breastfeeding.

Participating mothers gave informed consent on behalf of 
themselves and their infants. The study protocol was reviewed 
and approved by the institutional review boards of the 
University of Pittsburgh and West Virginia University. This 
study conforms to STROBE guidelines (Strengthening the 
Reporting of Observational Studies in Epidemiology) for 
cohort studies.

Sample Selection

We selected a sample of 101 mothers and their infants who 
completed the 2-mo, first-tooth (mean age, 9 mo), and 12-mo 
postpartum visits in Pennsylvania (n = 77) and the 2-mo, 
12-mo, and 24-mo postpartum visits in West Virginia (n = E24). 
All 2-mo visits occurred between 2012 and 2013. All eligible 
women without dental caries at enrollment were included 
(n = 21), and the remaining 80 women were randomly sampled 
from a list ordered by number of decayed, missing, or filled 
teeth (DMFT) to represent caries distribution at enrollment. 
For this study, the presence of white spots was not considered 
carious. Samples were selected for each infant at all 3 time 
points, while samples were selected for each mother at 2 time 
points (Fig. 1). In total, 505 samples were included.

Sequence Generation and Processing

DNA was extracted from saliva samples, and the V6 region of 
the 16s rRNA gene was amplified with a modified version of 
primers and protocols described elsewhere (Gloor et al. 2010; 
Foxman et al. 2016). Two technical replicates were sequenced 
on separate lanes of an Illumina HiSeq platform with 100 
paired-end cycles at the University of Michigan Sequencing 
Core.

Paired ends were joined with FLASH; sequences were 
quality filtered and de-multiplexed with the split_libraries.py 
script in QIIME 1.9.0. This resulted in 98,582,469 sequences 
with a mean length of 124 base pairs. The reads were clustered 
into oligotypes with an unsupervised minimum entropy decom-
position method (Eren et al. 2015). The minimum substantive 
abundance of an oligotype (–M) criterion was set to 19,706, 
and the maximum variation allowed in each node (–V) crite-
rion was set to 1. Of the total 98,582,469 reads, minimum 

Figure 1. Flowchart of study participants and selected samples during 
the postpartum period. Mothers and infants participating in the COHRA 
2 (Center for Oral Health Research in Appalachia) from Pennsylvania 
(n = 154) and West Virginia (n = 48).
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entropy decomposition removed 21,724,727 reads due to the 
–M and –V criteria and clustered the remaining 76,803,742 
reads into 366 oligotypes. Taxonomy for each oligotype was 
assigned to the CORE reference database via the RDP consen-
sus taxonomy assigner in QIIME 1.9.0. CORE is a specialized 
database for the identification of bacteria within the oral micro-
biome (Griffen et al. 2011). Raw sequences were deposited in 
the NCBI Sequence Read Archive (PRJNA612517).

Community State Type Generation

Community state types (CSTs) were identified with an unsu-
pervised clustering method (DirichletMultinomial package in 
R version 3.3.0; R Foundation for Statistical Computing), and 
the number of CSTs was determined by selecting the least 
number of Dirichlet components that provided the lowest 
Laplace approximation of model fit (Holmes et al. 2012). To 
enhance to robustness of the developed CST, we combined 
sequence data from the 101 mothers and infants with sequence 
data obtained with the same library preparation and sequencing 
protocols from a previous published study of the COHRA 1 
cohort (Foxman et al. 2016).

Each sample was assigned to 1 community state based on 
maximum posterior probability ≥80% for the most probable 
community state. All samples in this data set were classified 
with this criterion.

Quantitative Polymerase Chain Reaction

We screened saliva DNA samples for S. mitis, S. sobrinus,  
S. mutans, S. oralis, and C. albicans with conserved qPCR pro-
tocols and primers described elsewhere (Yoshida et al. 2003; 
Rosenthal et al. 2013; Henne et al. 2014; Appendix Table 1). 
The total reaction volume was 10 µL, consisting of 5:2.5:2:0.5 
parts SYBR Green PCR Master Mix (Sso EvaGreen Supermix; 
Bio-Rad), DNA template, nuclease-free water, and forward 
and reverse primer pair at 5µM concentration, respectively. 
The limit of detection was 100 genomic copies per milliliter; 
samples below this threshold were considered negative. Assays 
were run in duplicate, with a positive and negative control in 
each run. Samples with discordant duplicates were retested.

We imputed values for the 122 samples with no remaining 
saliva available for qPCR testing (Enders 2010). As a sensitiv-
ity analysis, we compared the results from the analysis with 
imputed data to another analysis excluding samples with miss-
ing data (Appendix Fig. 1). The interpretation of the 2 analyses 
were the same, so we present the imputed results.

Statistical Analysis

We used the Phyloseq 1.10.0 R package and QIIME 1.9.0 com-
mands to calculate Shannon’s diversity index (alpha diversity) 
and Bray-Curtis distances (beta diversity). Differences in 
Shannon diversity and Bray-Curtis distance by group were 
assessed with the Wilcoxon rank sum nonparametric test; a P 

value <0.05 was considered significant. We calculated transi-
tion rates among CSTs for those with all consecutive visits, 
separately by site (West Virginia, n = 22; Pennsylvania, n  = 77).

To understand factors associated with transitioning among 
community states, we fit a series of linear mixed effects mod-
els. To account for repeated measures and the nested hierarchi-
cal structure, random effects were included for each infant with 
the lme4 package in R. Separate models were fit to assess the 
associations of primary exposures with the log-transformed 
relative abundance of the top 10 genera adjusted for confound-
ers: age (continuous) and collection site (Pennsylvania vs. 
West Virginia). Bootstrap confidence intervals were calculated 
with 1,000 simulations per model.

Mean log abundance of the 4 selected Streptococcus species 
and Candida albicans was calculated for each CST in each age 
group. To estimate mother-infant transmission, we calculated 
the proportion of infant samples that were positive at the 2- and 
12-mo visits given that their mothers ever tested positive.

We compared the microbial communities found among 
mothers and infants using ALDEx2 (Fernandes et al. 2013). 
We used the Benjamini-Hochberg procedure (Benjamini and 
Hochberg 1995) to correct for multiple comparisons and set the 
false discovery–corrected P value significance to <0.05. All 
statistical analyses were conducted in R version 3.3.0.

Results
We included 77 mother-infant pairs from Pennsylvania and 24 
from West Virginia, followed at 3 time points. The schedule for 
both sites included 2- and 12-mo visits (Fig. 1): samples from 
Pennsylvania infants also visited at the time of first tooth emer-
gence (~9 mo). The West Virginia protocol did not include a 
9-mo visit, so we included samples from the 24-mo visit. Most 
infants were delivered vaginally and fed breast and formula 
milk, and their mothers had a DMFT score ≥1. Mothers in the 
2 sites were similar in education and income (Table).

Salivary microbiomes from mothers and infants were clas-
sified into 1 of 4 CSTs. No infants had the most diverse and 
least variable adult CST, so it was removed from downstream 
analysis (Appendix Fig. 2). The included 3 CSTs were labeled 
as follows: mixed species, Streptococcus and Gemella codomi-
nant, and Streptococcus predominant. CSTs varied in alpha 
diversity (Fig. 2A).

Changes in the Salivary Microbiome with Age

Microbiome Shannon’s diversity and richness (Chao1) 
increased with infant age. This was consistent across groups 
defined by mothers’ oral health status, education, delivery 
route, and whether the infant was breastfed (Fig. 2B, Appendix 
Figs. 3 and 4). A similar pattern was observed with CSTs (Fig. 
2C, D). Once in the mixed or Streptococcus and Gemella 
codominant CSTs, 97.3% of Pennsylvania infants and 95.7% 
of West Virginia infants remained there.

We explored whether the individual genera that most deter-
mined CSTs also varied by age, by fitting a series of linear 
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mixed models predicting the log-transformed relative abun-
dance of each genera adjusted for geographic area (Fig. 3A). 
The relative abundance of Streptococcus decreased by 6.5% 
with each additional month of age (P < 0.00001); by contrast, 
the relative abundance of Granulicatella, Porphyromonas, 
Haemophilus, and Neisseria increased by 15.4%, 17.3%, 
17.7%, and 22.2%, respectively, with each month of age 
(P < 0.00001). A 6-mo increase in age corresponded to a 123% 
increase in the relative abundance of Neisseria.

Associations of Salivary Microbiome  
with Route of Delivery, Breastfeeding,  
and Mother’s Oral Health

At 2 mo, the salivary microbiomes of infants delivered by 
cesarean section were significantly more diverse than those 
delivered vaginally (Shannon diversity index: 3.05 vs. 2.92, 
P = 0.027), but these differences disappeared by 12 mo 
(P = 0.26), though not in CST distribution at either period 
(2 mo, P = 0.958; 12 mo, P = 0.524). After adjusting for age 
and geographic area, infants delivered via cesarean section 
as compared with vaginally had increased relative abun-
dances of Streptococcus, Rothia, and Gemella of 13.9%, 
15.6%, and 23.4%, respectively, and decreased abundances 
of Granulicatella, Porphyromonas, and Haemophilus of 
17.9%, 15.8%, and 19.7% (Fig. 3B).

The salivary microbiome of babies fed only breast milk at 
2 mo had lower diversity than babies fed only formula (Shannon 
diversity: 2.77 vs. 3.12, P = 0.003) and those fed breast milk 
only versus breast milk and formula fed (2.77 vs. 2.92; 
P = 0.293). These differences did not persist over time: by 
12 mo, the Shannon diversity by breastfeeding type was similar 
(breast milk only, 3.69; breast milk and formula, 3.78; formula 
only, 3.75). After adjusting for age, delivery route, and geo-
graphic area, infants who were breastfed as compared with 
those not breastfed had decreased relative abundances of 
Veillonella (37.3%), Prevotella (47.3%), Granulicatella 
(26.4%), and Porphyromonas (31.4%; Fig. 3C).

Although we observed no significant changes in the alpha 
diversity of infants’ salivary microbiome by mothers’ baseline 
oral health (Shannon diversity, 3.33 vs. 3.41 for DMFT >0 vs. 
0; P = 0.31), after adjusting for age, there were differences in 
the relative abundance of the most common taxa (Appendix 
Figs. 2–4). Among infants whose mothers had a DMFT >0 ver-
sus 0, the relative abundance of Veillonella and Actinomyces 
increased by 59.2% and 44.0%, respectively (Fig. 3D).

Transmission from Mother to Infant

We examined transmission from mother to infant with the 
microbiome and qPCR for specific organisms. The mean Bray-
Curtis distance—where 0 corresponds to having the same 
microbes present and 1 to sharing no microbes between chil-
dren and mothers—decreased with age (Pennsylvania: 2 mo, 
0.68; 12 mo, 0.60; P = 0.0004; West Virginia: 2 mo, 0.72; 24 mo, 

0.55; P = 0.0012). However, the mean Bray-Curtis distance 
among children at 12 and 24 mo was smaller than the distance 
between mothers and children (Pennsylvania, 12 mo: among 
children, 0.53; mothers-children, 0.60; P = 0.00002; West 
Virginia, 24 mo: among children, 0.51; mothers-children, 0.55; 
P = 0.173; Appendix Fig. 5).

To assess whether the relative abundance of any taxa sig-
nificantly differed between children aged 12 mo and their 
mothers at 12 mo postpartum, we used ALDEx2, identifying 
taxa with a Benjamini-Hochberg-corrected P value <0.05 and 
an effect size >1. The following taxa were more abundant in 
children: Prevotella, Megasphaera, Atopobium, Campylobacter, 
TM7, Selenomonas, and Solobacterium. In contrast, Gemella, 
Granulicatella, Acinetobacter, and Enterococcus were more 
abundant among their mothers (Appendix Table 2).

We also estimated the probability of transmission of C. 
albicans, S. mutans, S. mitis, S. oralis, and S. sobrinus from 
mother to infant (Fig. 4). We considered the mother to be colo-
nized with a taxa if there 100 copy numbers were detected by 

Table. Baseline Characteristics of 101 COHRA 2 Infants and Their 
Mothers from the 2 Study Sites: Pennsylvania and West Virginia.

Participants, n (%)

Characteristic
Pennsylvania 

(n = 77)
West Virginia 

(n = 24)

Infants
Delivery route  
 Vaginal 53 (68.8) 16 (66.7)
 C-Section 22 (28.6) 8 (33.3)
 Missing 2 (2.6) 0 (0)
Milk fed at 2 mo  
 Breast milk 18 (23.4) 3 (12.5)
 Formula milk 24 (31.2) 13 (54.2)
 Breast and formula milk 35 (45.5) 7 (29.2)
 Missing 0 (0) 1 (4.2)

Mothers
Oral health status: baseline DMFT  
 0 19 (24.7) 2 (8.3)
 1 to 7 31 (40.2) 12 (50.0)
 ≥8 27 (35.1) 10 (41.7)
Education status  
 Less than high school diploma 4 (5.2) 4 (16.7)
 High school graduate or GED 9 (11.7) 5 (20.8)
 Some college, no degree 16 (20.8) 5 (20.8)
 Associate or bachelor degree 32 (41.6) 7 (29.2)
 Master, PhD, professional degree 16 (20.8) 2 (8.3)
 Missing 0 (0) 1 (4.2)
Household income, $  
 <25,000 18 (24) 8 (33.3)
 25,000 to 49,999 13 (17.3) 8 (33.3)
 50,000 to 74,999 13 (17.3) 4 (16.7)
 75,000 to 99,999 15 (20) 2 (8.3)
 ≥100,000 16 (21.3) 1 (4.2)
 Missing 0 (0) 1 (4.2)

Pairs were based on mothers’ oral health status. Those with no decayed, 
missing, or filled teeth (DMFT) were oversampled. The remaining were 
selected via a systematic sample from a list ordered by DMFT. There 
was no statistically significant difference (at P < 0.05 level) between study 
sites at baseline. Some percentages add to 100.1% due to rounding.
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Figure 2. Characteristics of observed community state types (CSTs) and transition probabilities of changing among CSTs during follow-up. (A) Waffle 
plots of the 3 CSTs observed among infants; observed mean alpha diversity (Shannon index) is noted. (B) Changes in salivary CSTs by route of delivery 
with infant age: vaginal (n = 69), cesarean section (n = 30), unknown (n = 2). (C) Dynamics of salivary CSTs among 2-, 6-, and 12-mo visits of Pennsylvania 
infants (n = 77). (D) Dynamics of CSTs among 2-, 12-, and 24-mo visits of West Virginia infants (n = 24, n = 22 at 24 mo). Infants participating in the 
COHRA 2 (Center for Oral Health Research in Appalachia) from Pennsylvania and West Virginia.

Figure 3. Models of log-transformed relative abundance of the top 10 genera (continuous) adjusted for collection site (Pennsylvania vs. West 
Virginia), repeated measures over time, and selected variables. (A) Infant age (months). Note that the confidence limits for Streptococcus are too small 
to be visualized on the figure (odds ratio, 0.94; 95% CI, 0.93 to 0.95). (B) Route of delivery (categorical) adjusted for infant age. (C) Breastfeeding 
status (binary) adjusted for infant age and route of delivery. (D) Mother’s oral health status (categorical) at baseline adjusted for infant age. Infants 
participating in the COHRA 2 (Center for Oral Health Research in Appalachia) from Pennsylvania and West Virginia (303 observations from 101 
individuals). *Panel A x-axis scale differs from panels B, C, and D.
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qPCR at any visit. Mothers in West Virginia had 
higher prevalence of all taxa (Appendix Table 3). 
There were no clear associations, however, with 
the presence of selected taxa in the mothers and 
the colonization of their children in either site.

Discussion
In this prospective cohort of 101 infants measured 
at 3 time points, we had 3 primary findings. First, 
the salivary microbiome of infants increased in 
alpha diversity as the infants aged, and age was 
associated with the prevalence and abundance of 
selected microbes within the oral cavity. Second, 
after adjusting for infant age, there were differ-
ences in community state and specific taxa among 
infants who were breastfed versus formula fed and 
infants whose mothers had caries versus mothers 
who did not. Third, although infants’ salivary 
microbiomes became more adult-like with age, 
there were clear differences in the infants’ micro-
biomes versus those of their mothers, and there 
was little evidence of transmission of selected 
microbes between mothers and their infants across 
time points.

Although using the V6 region of the 16S rRNA 
gene provides somewhat less resolution to the spe-
cies level than other variable regions, our observed 
changes in salivary microbiome diversity with age 
are consistent with results of a Swedish study of 90 
children sampled at 3, 6, 12, and 24 mo (Dzidic, 
Collado, et al. 2018) and a Swedish study of 59 
children sampled at 6, 12, and 24 mo of age 
(Kennedy et al. 2019). Like these studies, we found 
that the relative abundance of Streptococcus spp. 
decreases with age and that Neisseria increases with age as part 
of a normal ecologic succession, and we observed microbiome 
differences by route of delivery and breastfeeding.

Transfer of microbes from mother to newborn occurs dur-
ing labor and delivery; the oral microbiota in vaginally deliv-
ered infants differs from those delivered via cesarean (Dunn et 
al. 2017; Li et al. 2018). Breast milk selects for specific 
microbes (Milani et al. 2017), and several studies have demon-
strated that children who are breastfed are at lower risk of ECC 
than children who are bottle fed (reviewed by Avila et al. 
2015). However, once breastfeeding ceases, there are other 
ecologic niches available to be filled by microbes in the 
environment.

Our study expands our understanding of salivary microbi-
ome development, as we characterized how breastfeeding, 
route of delivery, and presence of dental caries in the mother 
were associated with taxa relative abundance independent of 
age. Like the Swedish study of 90 children (Dzidic, Collado,  
et al. 2018), we found a lower relative abundance of caries-
associated bacterial species—Veillonella, Prevotella, and 
Porphyromonas—among breastfed infants. In our study, the 
relative abundance of Veillonella and Actinomyces increased 

among infants whose mothers had dental caries. We found no 
previous studies for comparison. As these species are found 
more frequently in the saliva of children with caries (Jiang  
et al. 2016), replication is warranted.

Although dental caries are not transmissible (Twetman 
2018), there has been considerable concern that transmission 
of cariogenic bacteria from mothers to offspring may increase 
risk of early onset of caries (Damle et al. 2016). Furthermore, 
early colonization of S. mutans is related to high caries inci-
dence in childhood (Law et al. 2007). Multiple reports suggest 
transmission of S. mutans between mothers and their infants 
(reviewed by De Abreu Da Silva Bastos et al. 2015), but the 
majority are cross-sectional. A weakness of most of these  
studies—shared by ours—is that S. mutans were classified by 
species only, so strain differences were not detected. However, 
the longitudinal nature of our study is a strength.

Our study is the first report of changes in C. albicans colo-
nization with age and the first to assess the association with the 
mother’s colonization. C. albicans is associated with a highly 
acidogenic and acid-tolerant bacterial community in children 
with severe ECC (Xiao, Grier, et al. 2018; Fakhruddin et al. 
2020). Our results suggest that colonization with S. mutans and 

Figure 4. Probability of transmission from mother to infant of selected species 
by infant age (months), given that mother tested positive at any time point: (A) 
Pennsylvania (n = 77) and (B) West Virginia (n = 24). Values were imputed for 122 of 505 
samples. Mothers and infants participating in the COHRA 2 (Center for Oral Health 
Research in Appalachia) from Pennsylvania and West Virginia. Error bars indicate 95% 
CIs.
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C. albicans is primarily a result of age-related changes in expo-
sure (e.g., introduction of foods, interactions with other chil-
dren) and potential for colonization (i.e., emergence of teeth) 
rather than transmission from mother to child.

Conclusion
The salivary microbiome is dynamic during the first 2 y of life, 
is influenced by whether the child was breastfed, and is associ-
ated with maternal oral health status. Differences by delivery 
mode were no longer apparent after 12 mo. Multiple environ-
mental factors are responsible for the assembly of the salivary 
microbiome in infancy; age-related factors were the strongest 
determinants.
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