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a b s t r a c t

The mother represents one of the earliest sources of microorganisms to the child, influencing the acqui
sition and establishment of its microbiota in early life. However, the impact of the mother on the oral 
microbiota of the child from early life until adulthood remains to unveil. This narrative review aims to: i) 
explore the maternal influence on the oral microbiota of the child, ii) summarize the similarity between the 
oral microbiota of mother and child over time, iii) understand possible routes for vertical transmission, and 
iv) comprehend the clinical significance of this process for the child. We first describe the acquisition of the 
oral microbiota of the child and maternal factors related to this process. We compare the similarity between 
the oral microbiota of mother and child throughout time, while presenting possible routes for vertical 
transmission. Finally, we discuss the clinical relevance of the mother in the pathophysiological outcome of 
the child. Overall, maternal and non-maternal factors impact the oral microbiota of the child through 
several mechanisms, although the consequences in the long term are still unclear. More longitudinal re
search is needed to unveil the importance of early-life microbiota on the future health of the infant.
© 2023 Published by Elsevier Ltd on behalf of The Japanese Association for Dental Science. This is an open 

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In the last decade, with the onset of the National Institutes of 
Health (NIH) Human Microbiome Project, there has been a growing 
panoply of culture-independent studies focusing on the character
ization of the human microbiome in health and disease [1]. The 
finding that hundreds of microbial species inhabit the human body 
and regulate the human metabolism, physiology, and immunity, 
therefore interfering in human development has revolutionized how 
medicine perceives the host-microbiota relationship [2,3]. The mi
crobiota comprises the totality of bacteria, archaea, viruses, and 
microeukaryotes that inhabit a certain ecological niche [4,5]. The 
“omics” advent allowed not only to characterize human microbiota, 
but also to begin to unveil its mechanisms of action and its influence 
on the host physiology [6]. The human microbiota is responsible for 
a multitude of physiological functions, including fiber degradation, 
vitamin and amino acid biosynthesis, host immune-system mod
ulation, the regulation of pH, among others [3,7]. Each niche-specific 
microbiota also has evolved to resist foreign colonization, either 
through direct competition for nutrients, by releasing antimicrobial 
compounds (such as bacteriocins and reactive oxygen species), or by 
modulating microenvironmental conditions [8]. Concurrently, the 
human microbiota has a preponderant role in the normal training 
and functioning of the immune system, such as through the pro
duction of microbial metabolites (e.g., short-chain fatty acids), co- 
metabolites (e.g., polyamines and aryl hydrocarbon receptor li
gands), or on the control of proliferation and differentiation of T and 
B cells [3,9].

The oral microbiota comprises microorganisms inhabiting the 
oral cavity [10,11]. This ecosystem is subdivided into distinct soft and 
hard tissue niches, namely oral mucosa, lips, palate, tongue, and 
teeth [12]. Additionally, saliva harbors microorganisms from these 
niches and represents a reservoir and potential fingerprint of the 
oral microbiota [13]. Saliva, as it is an accessible oral sample, is often 
collected in clinical studies and differences in its microbial compo
sition are suggested as a potential biomarker to monitor oral and 
systemic diseases [14]. According to numerous studies based on 
culture-independent molecular analysis, the healthy adult oral mi
crobiota appears to be dominated by the phyla Bacillota (previously 
Firmicutes), Actinomycetota (previously Actinobacteria), Pseudo
monadota (previously Proteobacteria), Fusobacteriota (previously 
Fusobacteria), Bacteroidota (previously Bacteroidetes), and Spir
ochaetota (previously Spirochaetae) [4,15]. The oral microbiota re
presents the second most complex and studied microbial 
community in the human body and, in homeostasis, it coexists and 
contributes symbiotically with the overall physiology of the host 
[3,16–18]. The oral microbiota plays an important role in human 
health and the identification of pioneer colonizers and factors in
fluencing acquisition of these microorganisms is essential to eluci
date the development of a eubiotic, i.e. an optimally balanced 
microbiota, or dysbiotic microbial community throughout life [19].

The composition of the human oral microbiota changes con
siderably throughout life, but particularly during childhood [20]. 
From an early stage in life, the human oral cavity comes in contact 
with a wide variety of microorganisms, and the set of initial colo
nizers conditions the subsequent colonization [21–23]. These early 
microbial communities have, therefore, a major role in the devel
opment of the microbiota of the adult-body and may represent a 
source of pathogenic and protective microorganisms in a very early- 
stage of human life. Regarding the trigger for oral colonization, there 
is still controversy on whether there is in utero microbial seeding of 

the infant, but it seems that delivery mode highly impacts the oral 
colonization [24–28]. Thereafter, the development and maturation of 
the human microbiota are shaped by microbial and host interaction 
and by numerous intrinsic and extrinsic elements, such as host ge
netics, maternal and environmental factors [29–31]. Studies on gut 
microbiota suggest that maternally acquired strains are more per
sistent and are better adapted, and this seems to gain particular 
relevance when mothers have dysbiosis of the gut [32,33]. However, 
this has not yet been clarified for the oral microbiota.

Despite the importance of the mother as a source of micro
organisms for the child, the extent of this vertical transmission and 
its impact on the oral microbiota and health of the child remains to 
be clarified [30]. Therefore, this narrative review aimed to i) explore 
the maternal influence on the oral microbiota of the child, ii) provide 
an overview of the similarity between the oral microbiota of mother 
and child throughout time, iii) understand the possible routes for 
vertical transmission, and iv) comprehend the clinical significance of 
oral microbiota transmission for the health of the child.

2. Pre- and perinatal factors

The exact timing for oral microbial colonization is still under 
much debate. Some studies in humans and murine models show 
that the oral microorganisms of pregnant individuals can spread via 
blood stream to the placenta and this seems to be associated with 
adverse pregnancy outcomes such as preeclampsia or preterm labor 
[24,25]. Conversely, some authors consider that the placenta has no 
microbiota, but it can be colonized by pathogens such as Strepto
coccus agalactiae [27]. However, recent scientific evidence suggests 
the presence of an intrauterine microbiota in full-term gestations 
without complications or infectious episodes [24,34–36] and the 
colonization of the placenta, umbilical cord blood, and amniotic fluid 
by oral microorganisms, such as species from the phyla Bacillota, 
Pseudomonadota, and Fusobacteriota in full-term healthy pregnan
cies has been reported [34,37]. Interestingly, the intrauterine mi
crobiota was shown to be more similar to the maternal oral 
microbiota than to the intestinal, vaginal or skin microbiota [24,38]. 
The hormonal changes, which impact the subgingival microbiota 
and immune physiology and inflammatory state of periodontal tis
sues, were proposed as a key factor for the relationship between oral 
and intrauterine microbiota [38–40]. It was also suggested that, 
during pregnancy, the placenta becomes an antigen-collecting site in 
order to stimulate the foetal immune system and enhance the 
newborn immunological tolerance to the maternal microbiota, thus 
allowing successful postnatal colonization with maternal micro
organisms [39]. This leads us to infer that the stimulation with a 
dysbiotic microbiota might impair the development of the immune 
system since early life and condition the postnatal microbial colo
nization. Still, if and to what extent early tolerance of the foetus 
toward the maternal oral species is a key factor to the colonization of 
the newborn and healthy development of the gastrointestinal tract 
in the earliest phases of life is yet to be uncovered [41].

Despite this possibility, the most agreed on hypothesis is that the 
oral microbiota acquisition starts during birth, when the amniotic 
membranes rupture [41]. The process of colonization of the oral 
surfaces starts with the establishment of pioneer microorganisms 
organized in biofilms, which through antagonistic and/or co
operative interactions, promote or inhibit the growth of other spe
cies by the production of metabolic products and quorum sensing 
[42]. After delivery, the usual pioneer microorganisms are facultative 
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aerobic microorganisms, mainly belonging to the Streptococcus and 
Staphylococcus genera [43].

Although immediately after birth the oral microbiota of the child 
does not seem to resemble the microbiota of the mother, it is well 
described that the early oral microbial profile is associated with the 
delivery mode (Table 1) [44,45]. Dominguez-Bello et al. (2010) [46]
performed a peri-natal cross-sectional study with 10 Venezuelan 
mother-child pairs, born vaginally and by C-section, and character
ized the microbiota of different body sites. They observed that, 
during the first minutes of life, bacterial communities are un
differentiated across the body and that the oral microbiota of the 
mother does not seem to contribute significantly towards the oral 
microbiota of the newborn. The taxa detected in the microbiota of 
the infant reflected the mode of delivery and Lactobacillus, Atopo
bium and Sneathia spp. were abundant in vaginally delivered neo
nates, while Staphylococcus spp. and Propionibacterium spp. were 
detected in C-section delivered neonates. Nevertheless, transmission 
was suggested between the vaginal microbiota of the mothers and 
the microbiota of their vaginally delivered newborns, since the 
maternal vaginal community was significantly more similar to mi
crobiota of her own infant than to the microbiota of other vaginally 
delivered infants. Likewise, Li et al. (2018) [47] also reported differ
ences in the oral microbiota of the newborns according to the type of 
delivery, with a higher abundance of genus commensal from the 
vaginal microbiota (Lactobacillus, Prevotella, and Gardnerella) in the 
vaginal delivery group. [47]. In addition, Hurley et al. (2019) [48]
reported that alpha diversity of the oral microbiota, i.e. the range of 
different species inhabiting a niche and measured by indices such as 
richness and Shannon, of 1-week-old infants was significantly af
fected by birth mode. However, this effect was not observed after the 
first week of life. Some studies found that children delivered by C- 
section were colonized by mutans streptococci and had a higher risk 
of early childhood caries (ECC) almost a year earlier than the vag
inally delivered newborns [22,49]. Despite this, the extent of the 
impact of this early life event on the oral microbiota is still under 
debate [48].

However, it is important to highlight that, in these studies, mo
thers who delivered through C-section had taken antibiotics prior to 
the surgery, which did not necessarily occur in women who deliv
ered vaginally and may have also influenced the results [50]. In fact, 
literature seems to evidence that intrapartum antibiotic intake, ei
ther before C-section or for Group B Streptococcus prophylaxis, al
ters the vaginal microbiota prior to birth and influences the 
development of the microbiota in neonates and reduces intestinal 
host defenses [50,51]. Li et al. (2019) [52] observed that there were 
ecological changes in the oral microbiota of children whose mothers 
were exposed to intrapartum antibiotics: an increased abundance of 
genera Klebsiella, Roseburia, Propionibacterium, Faecalibacterium, Es
cherichia/Shigella, Corynebacterium, Bifidobacterium, and Bacteroides, 
some of which are opportunistic pathogens. In these infants, the 
functional pathway analysis revealed an increased lipopoly
saccharide biosynthesis, as endotoxin which plays a pivotal role in 
the pathogenesis of certain infections. Gomez-Arango et al. (2017) 
[50] observed that babies born from mother who had taken anti
biotics had an enrichment in families belonging to Proteobacteria, 
whereas the families Streptococcaceae, Gemellaceae and Lactoba
cillales were dominant in unexposed neonates. Furthermore, the 
neonatal oral microbiota clustered based on maternal exposure to 
intrapartum antibiotics, but not with respect to mode of de
livery [50].

Additionally, the exposure to postpartum environment may play 
a role in early colonization. For instance, a study by Shin et al. (2015) 
[53] verified that the operating room microbiota (e.g. lamps, venti
lation grids, among others) was dominated by Staphylococcus and 
Corynebacterium, bacteria usually found on human skin, possibly 
serving as a source of bacteria after delivery. Moreover, a recent 

study by Shao et al. (2019) [54] verified the gut colonization by 
opportunistic pathogens associated with the hospital environment, 
such as Enterococcus, Enterobacter, and Klebsiella species, particularly 
in infants delivered by C-section.

Regarding the influence of the oral microbiota of the mother 
during this period, Ferretti et al. (2018) [33] studied longitudinally a 
cohort of 25 healthy Italian mother-child pairs, all born vaginally, by 
collecting several samples from the pairs such as oral swabs col
lected at delivery, 1 day and 3 days after birth. Through strain-level 
metagenomics profiling, they assessed the impact of the maternal 
microbiota on the development of the oral and fecal microbial 
communities of the child. The tongue microbiota of the infants had 
high inter-subject variability, especially in early points of life (at 
delivery, 1 day after delivery), and their microbiota did not resemble 
the respective maternal body site. This inter-subject diversity and 
lack of uniformity after a day of life may be due to the fact that infant 
seeding is influenced by different maternal microbiota, either in 
utero or through contact after delivery. In the oral cavity, the relative 
abundance of shared species between the mother-child pair raised 
from 77.6% in day 1–95.4% in day 3 in child’s oral swabs, with the 
most shared species being Rothia mucilaginosa and Streptococcus 
mitis/oralis, among others. However, the shared species were present 
at low relative abundance in the tongue of the mother (5.7% at day 1; 
6.6% at day 3) compared to the child. At the third day of life, the oral 
microbiota of the infants shared more similar species with their 
mother than with other mothers. On day 3, the oral cavity of the 
child is predominantly populated by species more associated with 
oral communities. Regarding vertical transmission, the researchers 
detected a total of 52 strains shared between mother and child 
(16.4% transmission rate).

To summarize, immediately after delivery, the oral microbiota of 
the child does not resemble any particular microbiota of its mother. 
Although the impact of the birth mode on the oral microbiota seems 
to fade over time, the consequences imposed by this initial in
oculation may extend beyond the first few months of life.

3. First months after delivery

A few days after delivery, the oral microbiota of the child starts 
resembling the oral microbiota of its mother and it seems that this 
similarity remains during the first months after delivery. Chu et al. 
(2017) [55] assessed longitudinally (at delivery and 4–6 weeks 
postpartum) 81 pairs of American mothers and their infants. The 
neonatal microbiota structure did not present any differentiation 
across any site of the body, unlike the mother, whose microbial 
community structure was mainly differentiated by body site. Con
versely, at 6 weeks of age, the microbial communities seemed to be 
shifting due to body niche differences and the oral microbiota al
ready clustered distinctly. Patterns of beta diversity and signature 
taxa were similar to maternal communities, with Streptococcus 
dominating their gingiva. In terms of shared operational taxonomic 
units (OTUs), the oral samples of the children clustered differently 
from those of their mothers. As for microbial diversity, the authors 
reported that children at 6 weeks of age have a simpler oral mi
crobial community than their mothers. Similarly, Drell et al. (2017) 
[56] studied longitudinally a population of 7 Estonian mother-child 
dyads from birth to 6 months postpartum. Oral and gut communities 
were significantly different between mothers and their children, 
who presented lower diversity throughout the study. The highest 
proportion of shared OTUs was between the oral microbiota of 
mother and child and these belonged mainly to the genus Strepto
coccus. Bacillota constituted a large part of the oral microbiota of the 
infant in all time-points and dominated all the maternal commu
nities analyzed. At lower taxonomic levels, Streptococcaceae and 
Pasteurellaceae were predominant in the oral cavity of children and 
Streptococcaceae, Prevotellaceae, Micrococcaceae, Pasteurellaceae and 
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Veillonellaceae dominated the oral cavity of mothers. Oral commu
nities were relatively stable during the time-period of the study. The 
authors concluded that the dominance of the same OTUs in oral 
microbiota of both mother and child indicates that, in comparison to 
the gut, the maternal oral microbiota has the largest influence on the 
acquisition and development of the oral microbiota in the first 6 
months of life.

The feeding mode also seems to influence the oral microbiota in 
early life. Breastmilk is the usual initial nourishment of the infant 
and provides micro- and macronutrients, as well as bioactive mo
lecules, such as immune cells, human milk oligosaccharides, cyto
kines, among others, presenting itself as crucial in the healthy 
development of the child [57,58]. Given its benefits, the World 
Health Organization (WHO) recommends exclusive breastfeeding 
until the age of six months [59]. Furthermore, breastfeeding exposes 
the infant continuously to the maternal vertically transmitted milk 
microbiota [57]. In fact, it is even hypothesized that breastmilk mi
crobiota is originated from the maternal gastrointestinal tract by 
migration to the mammary glands via an endogenous cellular route, 
also known as the bacterial entero-mammary pathway [60]. These 
microorganisms would then colonize the gastrointestinal tract of the 
breastfed infant. Holgerson et al. (2013) [61] isolated oral species 
from a cohort of exclusively breastfed, partially breastfed, and for
mula-fed infants at 3 months of age. The authors verified that lac
tobacilli were only retrieved from exclusively and partially breastfed 
infants (27.8%) but not from formula-fed infants. These recovered 
isolates were tested for their growth inhibition ability of streptococci 
and, interestingly, they inhibited the growth of selected streptococci 
such as Streptococcus mutans and Streptococcus sanguinis, suggesting 
a potential protective role of the breastmilk. Moreover, Williams 
et al. (2019) [62] longitudinally assessed a cohort of 21 healthy 
American mother-child pairs from 2 days to 6 months postpartum. 
The 5 most-abundant genera in milk and mother-child oral micro
biota were Streptococcus, Staphylococcus (except for the maternal 
oral microbiota), Gemella, Rothia, and Veillonella. The microbial di
versity decreased in the child oral samples (day 2 until 5 months). 
Milk and the child’s oral microbiota as well as maternal and child’s 
oral microbiota became increasingly similar with time.

Nevertheless, these initial differences due to feeding mode in 
regard to oral diversity and composition seem to fade over time. 
Hurley et al. (2019) [48] observed that breastfeeding for less or more 
than 4 months did not influence the oral microbiota of children, 
regardless of the birth mode. A recent study by Eshriqui et al. (2020) 
[63] assessed the impact of breastfeeding in the oral microbiota of 
adolescents. Although abundance of commensal OTUs belonging to 
genera Veillonella and Eubacteria were higher in adolescents who 
had not been fed with formula, no differences were reported in the 
overall alpha diversity of the oral microbiota. Likewise, no differ
ences were also reported regarding the beta diversity, which refers 
to the microbial compositional variability among different samples 
from a specific niche., The authors observed that the initial differ
ences in composition at early age due to feeding mode did not 
persist over time. Nevertheless, after adjusting for age, delivery 
mode, and geographic area, infants who were breastfed had lower 
relative abundance of Veillonella, Prevotella, Granulicatella, and Por
phyromonas.

In brief, the oral microbiota of the child starts resembling mi
crobiota of its mother a few days postpartum, given the close 
proximity of the two, and the feeding mode seems to influence the 
oral microbiota of the child, although differences do not persist after 
the first months of life.

4. Teeth eruption and diet changes

Although the microbial diversity of the oral microbiota of the 
child increases with time, the similarity between the oral microbiota 

of mother and child seems to be disrupted around 6–9 months of 
age, concomitant with diet changes and eruption of teeth (Table 2). 
According to WHO, complementary feeding should be introduced 
around 6 months of age [64]. During this period, diet of infants 
changes considerably. Complementary food introduction heavily 
impacts the human microbiota [65]. Most studies on the effects of 
diet focus on the gut microbiota, where an increase in alpha di
versity (evenness and richness) is observed and can be interpreted as 
a sign of microbiota stabilization [66,67]. Regarding the oral cavity, a 
study by Koren et al. (2021) [68] using a murine model, demon
strated that neonate oral cavity colonization levels seem to decline 
to adult levels during weaning, seemingly being mediated by the 
upregulation of saliva production and induction of salivary anti
microbial components by the microbiota [68]. Moreover, a study by 
Oba et al. (2020) [69] reported that the oral microbiota of breastfed/ 
formula-fed children had a different taxonomic profile when com
pared to children receiving solid food and breastmilk/formula, with 
the latter having an increased abundance of Gemella, Veillonella, 
Fusobacterium, Neisseria, and Actinobacillus [69]. As observed with 
the gut microbiota, species richness was higher in children who 
received solid food versus breastfed infants and mixed-fed children.

The eruption of teeth also begins at approximately 6 months of 
age and is associated with large ecological changes. Dental surfaces 
acquire a glycoprotein coat, also known as acquired pellicle, that 
shifts the colonization patterns [70]. Gingival sulci and interproximal 
spaces between teeth further contribute to the diversity of en
vironments in the oral cavity for microbial colonization and growth, 
rich in serum and acids and poor in saliva and oxygen [71,72]. After 
teeth eruption, planktonic bacteria bind to proteins of the acquired 
pellicle, resulting in polymicrobial biofilm formation [70]. Usually, 
these initial microorganisms belong to Streptococcus spp., Actino
myces spp., Haemophilus spp., Capnocytophaga spp., Veillonella spp., 
and Neisseria spp. [73]. Later colonization by other species is con
ditioned by these bacteria, as they recognize specific polysaccharide 
or protein receptors and attach by a process called coaggregation, 
which contributes to the biofilm maturation [42]. These late colo
nizers include species such as Fusobacterium nucleatum, Tannerella 
forsythia, Porphyromonas gingivalis, and Aggregatibacter actinomyce
temcomitans [42]. Aggregation and co-adhesion are crucial for bio
film formation and allow bacterial strains to aggregate to each other 
as well as to co-adhered to epithelial cells [73]. The concept of early 
and late colonizer is currently under debate since these two groups 
of bacteria have been described to adhere together in multispecies 
aggregates in dental plaque samples [74].

Few studies have explored the evolution of the oral microbiota in 
children in parallel with their mothers during the eruption phase. 
characterized the oral microbiota communities across dentition 
states in 143 caries-free American children and 60 mother-child 
pairs. The oral microbial community composition and structure of 
pre-dentate children resembled their mother, with each child 
sharing 85% of their OTUs with their mother. However, with the 
eruption of teeth, the similarity between mother and child in their 
oral microbiota decreased and remained stable throughout all den
tition stages. Likewise, Hurley et al. (2019) [48] reported remarkable 
differences in the alpha diversity of the oral microbiota of children at 
6 months, suggesting that the oral microbiota this age undergoes 
significant changes possibly due to teeth eruption. The abundance of 
Bacillota begins to decrease from 6 months until 1 year and, con
comitantly, the abundance of Pseudomonadota and Bacteroidota 
increases at around 1 year. At the genus level, Streptococcus gradually 
decreases in abundance from week 1–1 year of age, which is coun
teracted by increased abundance of the genera Neisseria, Porphyr
omonas, Rothia, Gemella and Haemophillus by 1 year of age. Sulyanto 
et al. (2019) [75] examined monthly the oral bacterial acquisition up 
to 12 months of life of 9 infants and their mothers. Although the 
overall oral microbial composition of mother and child differed, the 
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most common species in children were also present in the mothers. 
In fact, when relative abundance was considered, the shared set of 
species accounted for two-thirds of the microbial communities at all 
ages. The authors suggest that the dominant ecological structure of 
the oral microbiota establishes early in life and the mother seems to 
have a pivotal role.

To sum up, this period implicates a large shift in the oral mi
crobiota of the child due to physiological and nutritional alterations; 
in consequence, the similarities with the maternal oral microbiota 
decrease during this stage.

5. Transmission of mutans streptococci and periodontal 
pathogens

Since 1980, there is robust evidence that the mother is able to 
transmit mutans streptococci to her child in early life. Several 
techniques have been employed since then to identify species-level 
transmission of these cariogenic bacteria, from bacteriocin typing 
and ribotyping [76,77], deoxyribonucleic acid (DNA) fingerprinting 
[78,79], arbitrarily primed polymerase chain reaction (AP-PCR) 
[80,81], repetitive element sequence-based PCR [82], and multilocus 
sequence typing (MLST) [83].[83]. According to a meta-analysis by 
da Silva Bastos Vde et al. (2015) [84], the transmission rate does not 
seem to be statistically different according to the type of technique 
used to assess transmission. Due to the limitations of 16 S rRNA gene 
sequencing in identifying microorganisms at strain-level, culture- 
dependent methods followed by molecular identification are still 
relevant for oral streptococci identification.

According to literature, some predisposing factors for mutans 
streptococci transmission include a high maternal colonization, child 
teeth eruption and its timing, and behaviors that promote vertical 
transmission of these microorganisms (e.g. pacifier licking) [85,86]. 
In fact, a recent study by Subramaniam and Suresh (2019) [81] found 
that high maternal levels of S. mutans was a significant factor for 
colonization by S. mutans in pre-school children. Similarly, Childers 
et al. (2017) [82] reported that more than 50% of mother-child pairs 
shared the same S. mutans genotypes and observed that at 36 
months, the estimated decayed, missing, and filled surfaces of teeth 
of these children was 2.61 times higher than in children without 
matching genotypes.

Interestingly, the genotypes transmitted by the mother seem to 
persist over time. Klein et al. (2004) [87] reported that over 80% of 
mother-child pairs shared similar genotypes of S. mutans and 
Streptococcus sobrinus at 6 months of age and, although the geno
typic diversity of S. mutans changed in the oral cavity, the initially 
acquired genotypes persisted, in particularly those transmitted by 
the mother. Furthermore, Kohler et al. (2003) [77] reported that 88% 
of the mother-child pairs shared at least one strain of S. mutans and 
10 of the 13 families assessed longitudinally kept at least one strain 
over a period of 16 years.

Regarding the importance of teeth eruption and its timing on S. 
mutans colonization, Damle et al. (2016) [80] reported that coloni
zation by S. mutans increases with age (30% of colonization in pre- 
dentate phase, and 100% of colonization at 30 months of age) and 
matching genotypes of S. mutans were found in 77.3% of mother- 
child pairs. In fact, Lynch et al. (2015) [86] described that, in their 
population, children acquired S. mutans earlier than what is de
scribed for other populations, which could be explained by the 
earlier teeth eruption in their study compared to others. This factor 
may thereby be implicated in early S. mutans acquisition and in
crease the risk of early childhood caries.

Additionally, maternal oral health and behaviors, such as licking 
the child’s pacifier, sharing kitchen utensils, and kissing the child on 
the mouth, may be associated with a higher transmission of cario
genic species [80,88]. Interestingly, Damle et al. (2016) [80] also 
reported that feeding habits, gum cleaning, number of teeth and 

sharing the spoon with the mother were factors that significantly 
influenced S. mutans colonization. Nevertheless, evidence suggests 
that the colonization of early acquired S. mutans strains, particularly 
those transmitted by the mothers, persist through childhood until 
young adulthood [77,80].

It is noteworthy stating that there is a great heterogeneity be
tween studies regarding the type of samples used, which can also 
bias mutans streptococci identification. These species adhere to 
dental surfaces and this may be the reason for the absence in other 
types of oral samples.

Regarding specific periodontal pathogens and contrarily to what 
was observed for cariogenic microorganisms, the existing evidence 
does not seem to support vertical transmission. Rêgo et al. (2007) 
[89] studied the transmission of Aggregatibacter actinomycetemco
mitans in 30 mothers with severe periodontitis and their children. A. 
actinomycetemcomitans was found in 26.6% of women; however, this 
bacterium was only found in 2 children of these mothers and there 
was no similarity between the strains present in the dyads. Likewise, 
Shimoyama et al. (2017) [90] evaluated the prevalence of Porphyr
omonas gingivalis and their virulence gene fimbrillin (fimA), but, in 
most cases, the bacterial prevalence and strains were distinct from 
the mother, indicating that vertical transmission was not significant. 
Also Kahharova et al. (2020) [91] verified that the presence of zOTUs 
corresponding to P. gingivalis was at a low relative abundance and in 
a small proportion of children, contrarily to what was observed for S. 
mutans in a caries-free population. Kononen et al. (2000) [92] ex
amined the colonization by the Prevotella intermedia group in 23 
mother-child pairs and verified that P. intermedia was almost ex
clusively found in mothers with periodontitis, whereas Prevotella 
nigrescens and Prevotella pallens were recovered in mother and child. 
In fact, distinct colonization patterns were observed for P. nigrescens 
and P. pallens and the presence of similar genotypes between mother 
and child was mainly observed in health.

In brief, it seems that while the mother may represent a source of 
cariogenic microorganisms in early life, the same may not apply to 
periodontopathogens at this stage. Nevertheless, more studies are 
needed to understand the timing and the role of different sources of 
pathogenic microorganisms in infancy.

6. The influence of other caregivers and horizontal transmission 
in the oral microbiota from childhood to adulthood

After the eruption of primary teeth is completed, it seems that 
the similarity in oral microbiota between mother and child begins to 
converge again, which may be consolidated by the sharing of a 
common household. Despite evidence supporting the important role 
of the mother on the vertical transmission of oral microbiota, various 
genotypes unrelated to the mother have been identified, fore
shadowing a possible role for other intrafamilial and extrafamilial 
transmission sources, such as the father, other caretakers, and day
care or school classmates [93]. Additionally, events as primary tooth 
exfoliation, use of orthodontic appliances, and the hormonal changes 
during adolescence may impact the oral microbiota of the child [94].

Regarding the similarity with the maternal microbiota 
throughout this period of time, in 2 families evaluated, Sundström 
et al. (2020) [95] observed that mothers shared more OTUs with 
adult children compared to fathers, but this linkage seemed to be 
weaker in older children adult (aged 50–53 years old). Jo et al. (2021) 
[96] performed a cross-sectional study with 18-month-old children 
and their parents (N = 40) and observed that, despite significant 
differences between the oral microbiota of infants and adults, the 
similarity and abundance of OTUs between children and their mo
ther was significantly higher than to unrelated mothers. Regarding 
the fathers, the oral microbiota of the children was not different 
from unrelated fathers. Also, Mukherjee et al. (2021) [97] assessed a 
group of biological and adopted children (N = 50) in different age 
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groups from 3 months to 6 years. The authors observed that mi
crobial profiles were similar (both at species and strain levels) be
tween mother and child, either biological or adopted. Adopted and 
biological children shared 44% and 15% of their species and strains 
with their mothers, respectively. However, when considering the 
relative abundance, these percentages increased to 93% and 48%, 
respectively. The findings led the authors to hypothesize that the 
increased overall diversity with age may be responsible for the in
creasing similarity between mother and child, since the Shannon 
diversity index increased during early years, reaching levels com
parable to mothers at the age of 5.

As for the role of co-habitation with other household members, 
Song et al. (2013) [98] collected a range of samples from 159 
members of 60 American families with/without cohabiting children 
aged between 6 months and 18 years old or their dogs. Regarding 
human microbial community composition, household members 
tended to have more similar levels of bacterial diversity, as measured 
by Faith’s phylogenetic diversity. Nevertheless, the similarity be
tween parent and offspring seemed to depend majorly on the age of 
the child. Parents shared significantly more similar tongue microbial 
communities with their own children (3–18 years) than with other 
children, but the same was not the case for parents and their 
younger infants (0–12 months). Curiously, dog-owning adults shared 
more skin microbiota with their dogs than to unrelated dogs, but this 
effect was not observed in children [106]. Burcham et al. (2020) 
Burcham et al. (2020) [99] explored the similarities between the oral 
microbiota of household members (N = 351 participants, from which 
172 were adults and 179 were children with a median age of 10 
years) and verified that cohabitation and familial relationships im
pact the oral microbiota similarity more than genetics, particularly 
regarding rare taxa. Moreover, intra-family relationships and coha
bitation leads to less variation in similarity and, therefore, to the 
sharing of a core and rare taxa. The oral microbiota was dominated 
by Streptococcus, Haemophilus, Rothia, Neisseria, and Veillonella, 
which made up 85.4% of adult genera and 71.7% of youth genera. 
There were 12 genera differentially abundant in adults and children, 
with the three most significantly differential being Abiotrophia, 
Granulicatella (more abundant in youth) and Treponema (more 
abundant in adults).

Concerning the role of periodontal status of the parents in the 
oral microbiota of older children, Monteiro et al. (2021) [32] fol
lowed a cohort of children (N = 18), aged 6–12 years, whose parents 
were either healthy or diagnosed with periodontitis. No differences 
were identified in the beta diversity between parent-child dyad in 
both groups. The similarity between parents and their children was 
greater than between non-related individuals, which suggests a 
significant role of parental periodontal health in determining the 
colonizing species of the child. Interestingly, parents with period
ontitis had a median 70% similarity with their child, versus 40% 
between healthy parent and child. Children of parents with peri
odontitis scored higher in the Bleeding on Probing index, which 
measures gingival inflammation. Moreover, microbiologically, these 
children presented higher species richness in the subgingival mi
crobiota and species such as Filifactor alocis, Porphyromonas gingi
valis, Streptococcus parasanguinis, Fusobacterium nucleatum subsp. 
nucleatum and belonging to the genus Selenomonas were exclusively 
found in this group. This suggests that some periodontitis-related 
bacteria may colonize these children from an early age and may be 
vertically transmitted. The authors also did an intervention to con
trol biofilm formation in the children from these two groups. 
However, they did not verify any difference in the microbial profile 
afterwards, which seems to indicate that vertical transmission may 
impact oral colonization more deeply than environmental or oral 
hygiene factors in this age group.

Regarding horizontal transmission, some studies observed that 
the acquisition of S. mutans from non-maternal sources is also 

noteworthy [100,101]. In fact, a great proportion of children attend 
nurseries and schools worldwide, where they contact other children, 
caretakers, and different environments. This exposure may favor the 
transmission of oral microbiota and cariogenic species[102]. For in
stance, Lindquist and Emilson (2004) [101] followed a group of 15 
mother-child pairs for 7 years and observed that 10 of the 15 chil
dren acquired S. mutans and only 4 of them were colonized by both S. 
mutans and S. sobrinus, although their mothers presented both 
species. However, only 9 out of 26 genotypes were identical between 
mother and child, which raised questions regarding the possibility of 
horizontal transmission or vertical transmission from other family 
members. Furthermore, Baca et al. (2012) [103] reported that, in a 
group of 42 schoolchildren aged 6–7 years, five genotypes were 
isolated in more than 1 schoolchild, suggesting that these children 
may be the source of mutual transmission of S. mutans. Moreover, a 
meta-analysis by Manchanda et al. (2021) [93] concluded that hor
izontal transmission of S. mutans genotypes occurs among children 
at home or in schools and that children who shared more than one 
genotype with other children had a higher risk for dental caries. Still, 
horizontal transmission usually occurs after vertical transmission 
has taken place and contributes further to the diversity of S. mutans 
colonizing the oral cavity [85].

Taken together, evidence suggests that the similarities between 
the oral microbiota of mother and child may increase and be per
petuated due to the sharing of a common household during child
hood and adolescence. The identification of common strains 
confirms that vertical transmission may happen in early life and 
remains relevant in a later stage of life. However, evidence also de
monstrates that the mother is not the exclusive source of micro
organisms for the child and that the contact with different 
caregivers, other children, and several environments may also play 
an important role at this stage. Nevertheless, only a few studies 
approach the characterization of non-maternal sources of micro
organisms in infancy and adolescence and further research is re
quired.

7. Clinical relevance of the influence of the mother in early life 
oral microbiota

The mother plays an important role in the child’s microbiota 
acquisition, establishment and maturation. Even though the oral 
microbiota may only stabilize later than gut microbiota, early life 
events seem to interfere in its future composition. A recent study by 
Charalambous et al. (2021) [104] reported that once the oral mi
crobiota is established in early life, it remains stable and resilient, 
retaining an imprint of the early life environment and early adverse 
events (i.e. potentially traumatic events, often associated with low 
socioeconomic status and correlated with a lifelong imbalance of 
health and disease) up to 24 years after they occur. This evidence 
suggests that differences in the initial microbiota may have re
percussions in oral health and disturbances in this process may 
predispose to the most common oral diseases [32,105].

In this context, some authors suggested interventions to prevent 
the development of future diseases from early-life. An increasingly 
explored strategy is seeding C-section-delivered neonates with 
maternal vaginal microbiota, also known as vaginal seeding [106]. 
Evidence suggests infants delivered by C-section have increased risk 
of developing chronic inflammatory and metabolic diseases, such as 
eczema, asthma, or even obesity [107]. To counteract the possible 
deleterious effect of C-section, maternal vaginal samples are col
lected and processed to be administered to the child, either through 
oral or skin inoculation [108,109]. Theoretically, through vaginal 
seeding it would be possible to restore the microbiota of the infant 
and normalize the development of their immune system. Despite its 
putative potential, there is still controversy surrounding this inter
vention and concerns regarding its safety, ethics, and long-term 
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efficacy in terms of health outcomes [110]. In the context of oral 
microbiota and health, little is known about its benefits. Dominguez- 
Bello et al. (2016) [111] performed a pilot study in which four C- 
section-delivered neonates were rubbed with maternal vaginal 
fluids and their microbiota was compared to babies born vaginally 
(N = 7) and born by C-section but without intervention (N = 8). The 
authors collected samples from different niches of the neonate 
throughout the first month of life. They observed that the oral and 
skin microbiota of infants seeded with their maternal vaginal mi
crobiota resembled infants born by vaginal delivery. Overall, it 
seemed that their microbiota was partially restored after inocula
tion. However, the authors concluded that the long-term health 
consequences of restoring the microbiota of these neonates are not 
clear and should be further investigated [111].

Regarding dental caries, there is plenty of evidence suggesting 
that the vertical transmission of S. mutans between mother and child 
increases the risk of developing early childhood caries [82,84,112]. 
The transmission of bacteria typically associated with periodontal 
disease it may also happen, although there is less robust evidence on 
this topic [89,90,113]. Considering this, clinical trials and educational 
programs have been implemented as early as the prenatal period, 
aiming to minimize the transmission of maternal oral bacteria and 
thereby prevent the development of oral diseases. These strategies 
may vary between xylitol gum chewing by the mothers [114–116], 
use of antiseptic mouthwashes [116,117], topical fluoride application 
[117], and educational sessions with the mother [118]. For instance, a 
study by Köhler and Andréen (2010) [118] that included an 11- and 
15-year follow-up after an educational program in mothers (N = 62) 
with high and low levels of S. mutans and their respective children 
(N = 65 at 11 years of age and N = 72 at 15 years of age) demonstrated 
that there seems to be a long-term beneficial effect on the levels of S. 
mutans and carious lesions 15 years after the intervention. In this 
trial, a group of mothers with high levels of S. mutans were educated 
about oral health and diet, received treatment for dental caries, and 
applied repeatedly chlorhexidine gel to reduce S. mutans counts, 
which effectively reduced caries in their children. Moreover, Li and 
Tanner (2015) [119] performed a meta-analysis to assess the clinical 
effectiveness of antimicrobial interventions in the reduction of car
iogenic bacteria. The authors verified that xylitol-based interven
tions were effective in reducing ECC and mutans streptococci counts. 
Interestingly, a recent meta-analysis by Riggs et al. (2019) [120]
found moderate evidence that educational programs may be more 
effective than other types of interventions in preventing early 
childhood caries. However, studies from different populations 
[121–124] agreed that the knowledge and attitudes of mothers re
garding the association of their oral health with the oral health of 
the child was still insufficient. For instance, a study performed with 
an Italian population reported that about 53.6% of the 304 parents 
were not aware of the potential vertical transmission of cariogenic 
bacteria through saliva, with 53% of parents reporting to taste the 
food of the infant and 38.5% admitting to share cutlery with the 
infant [123]. Considering the lack of awareness regarding the impact 
of vertical transmission of oral bacteria, it is important to reinforce 
educational programs in maternities.

Lastly, it is fundamental to highlight that, despite the recognized 
cariogenic potential of mutans streptococci, these microorganisms 
are not the only culprits of dental caries. Nowadays, it is agreed that 
dental caries are seen as a biofilm-associated disease and a shift in 
the dental biofilm microbiota in the presence of fermentable car
bohydrates leads to tooth demineralization [125]. Future research in 
this field should focus on the interplay within dental plaque biofilm 
to understand their complex microbial interactions in the patho
physiology of dental caries.

To sum up, the maternal transfer of microbiota may leave a 
durable imprint on the biology of the offspring by engaging in a 
reciprocal and dynamic relationship with the host, which can 

control the balance between oral health/disease throughout life. 
Given this scenario, the application of preventive and educational 
programs is fundamental to instruct caregivers on the importance of 
maintaining good oral health and its consequences on the oral mi
crobiota, on the vertical transmission and its importance on the oral 
health of the child in early life.

8. General remarks and future directions

In conclusion, the mother may influence the oral microbiota of 
the child since gestation and throughout early life through multiple 
routes of vertical transmission. Cariogenic species from maternal 
origin, such as S. mutans, are most likely vertically transmitted, 
whereas the vertical transmission of periodontal pathogens should 
be further investigated. Therefore, non-maternal sources may also 
play a role in the oral colonization of the child. This early-life 
transmission may impact the oral pathophysiological outcome of 
the child from childhood to adulthood. For this reason, it is fun
damental to implement preventive programs from a prenatal 
period. Although increasingly more evidence describes the char
acterization of the oral microbiota of both mothers and children, 
the mechanisms of transmission, colonization, and clinical sig
nificance on and beyond oral health are still unclear. With whole 
genome shotgun sequencing (WGS), we are now gaining a deeper, 
more accurate and precise insight at the strain-level transmission 
of the microbiota from different sources. In the meantime, more 
longitudinal large-scale studies are needed to understand the me
chanisms of transmission and colonization of the oral microbiota, 
to evaluate the similarities between strains present in mother-child 
pairs and the impact of other main caregivers. Despite the great 
amount of information provided by WGS, it is necessary to re
inforce that traditional microbiological studies are also funda
mental to clarify the pathogenicity and virulence of different 
strains, both vertically and horizontally transmitted, found in the 
oral cavity of children to understand the role of both sources in the 
oral health of children. Combined, and considering that oral dis
eases remain one of the most prevalent conditions worldwide, this 
information can be used to develop personalized preventive pro
grams from early childhood.
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