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Abstract: Lactobacilli have been asso-
ciated with dental caries for over 
a century. Here, we review the per-
tinent literature along with find-
ings from our own study to formu-
late a working hypothesis about the 
natural history and role of lactoba-
cilli. Unlike most indigenous microbes 
that stably colonize a host, lactobacilli 
appear to be planktonic, opportunis-
tic settlers that can gather and multi-
ply only in certain restrictive niches of 
the host, at least within the oral cavity. 
We postulate that the following essen-
tial requirements are necessary for sus-
tained colonization of lactobacilli in 
humans: 1) a stagnant, retentive niche 
that is mostly anaerobic; 2) a low pH 
milieu; and 3) ready access to car-
bohydrates. Three sites on the human 
body meet these specifications: caries 
lesions, the stomach, and the vagina. 
Only a handful of Lactobacillus species 
is found in caries lesions, but they are 
largely absent in caries-free children. 
Lactobacilli present in caries lesions 
represent both a major contributor to 
caries progression and a major reser-
voir to the gastrointestinal (GI) tract. 
We extend the assertion from other 
investigators that lactobacilli found in 
the GI tract originate in the oral cav-
ity by proposing that lactobacilli in the 
oral cavity arise from caries lesions. 
This, in turn, leads us to reflect on the 

health implications of the lactobacilli 
in the mouth and downstream GI and 
to ponder whether these or any of the 
Lactobacillus species are truly indige-
nous to the human GI tract or the oral 
cavity.

Key Words: Lactobacillus, mutans 
streptococci, colonization, mouth, gastro-
intestinal tract, natural history.

Introduction

The prevailing ecological view of 
the etiology of dental caries is more 
attuned to the polymicrobial nature of 
the dental plaque biofilm. However, 
only a limited number of bacteria are 
consistently recovered from caries lesions 
and have thus been recognized to be 
specifically associated with dental caries 
(Marsh 2003). The association between 
lactobacilli and dental caries dates back 
to a century (Kligler 1915). In fact, 
lactobacilli were the leading candidate 
in the causation of dental caries prior to 
the 1950s, when the mutans streptococci 
(MS) started to dominate the literature 
(Badet and Thebaud 2008). Despite 
numerous studies linking lactobacilli to 
caries in both adults and children, our 
understanding about their role in this 
disease remains incomplete. Some of 
the major gaps in knowledge span the 

transmission and colonization of the oral 
cavity, as well as the genetic basis for the 
adaptation to this niche.

After several decades of near-exclusive 
focus on the MS paradigm as the 
major etiological agent of caries, the 
compelling role of lactobacilli warrants 
renewed attention to piece together the 
pathogenesis of dental caries. The aim of 
this critical review is to integrate studies 
from the dental and medical literature 
into a working model describing the 
contribution of lactobacilli to the caries 
process. We also provide a compelling 
argument showing that the caries 
lesion provides not only the necessary 
conditions for sustained presence of 
lactobacilli in the oral cavity but also 
the source of most lactobacilli to the 
gastrointestinal (GI) tract.

Natural History of the 
Genus Lactobacillus

The lactobacilli comprise a diverse 
collection of gram-positive bacilli, with 
the genomes ranging in size from 1.23 to 
4.91 Mb and in GC content from 31.93% 
to 57.02% (Sun et al. 2014). This study 
also indicated that the genetic diversity 
of the Lactobacillus genus is larger than 
that of a typical family. The lactobacilli 
are aero-tolerant or anaerobic and 
commonly found in food, water, soil, 
sewage, humans, and many animals. 
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These habitats contain carbohydrates and 
nutrients, where the strictly fermentative 
lactobacilli can eke out their catabolic 
needs, producing lactic acid as the main 
by-product. In this way, they generate 
a low pH environment that they can 
tolerate but is inhospitable for most other 
competing microbes.

The ability of lactobacilli to adapt to 
a wide variety of ecological niches is 
likely tied to their genomic plasticity. 
The adaptation to new hosts or niches 
is often accompanied by a reductive 
genome coupled with the acquisition of 
key additional genes by gene duplication 
and horizontal gene transfer (Makarova  
et al. 2006). The phylogenetic relationships 
and taxonomy of the Lactobacillus genus 
have been complicated by this loss or 
replacement of large segments of their 
genomes. The most recent phylogenetic 
reconstruction revealed that Lactobacillus 
is paraphyletic and that 5 other genera are 
grouped within the lactobacilli as subclades 
(Sun et al. 2014).

Due to the intimate association 
of lactobacilli with food, definitive 
statements about their indigenous 
(autochthonous) versus transient 
(allochthonous) nature must be 
viewed with caution. Although recent 
reports present compelling support 
for lactobacilli being stably maintained 
in the postmenses vagina (Ravel et al. 
2011; Mendes-Soares et al. 2014) and 
the oral cavity (Dal Bello and Hertel 
2006), which species of lactobacilli 
are actually indigenous to the GI tract 
remains contentious (Walter 2008). A case 
has been made that a few Lactobacillus 
species are thought to be part of the 
indigenous biota of the GI tract (Reuter 
2001; Frese et al. 2011). Among the voids 
in defining lactobacilli as indigenous to 
humans is the lack of clear evidence of 
sustained colonization, via tissue-specific 
adhesins or other means.

An important clue as to the ecological 
requirements for colonization by 
lactobacilli comes from their isolation 
from the stomach (Ryan et al. 2008). 
The lining of the stomach contains 
retentive areas in the form of crypts and 
rugal folds. However, lactobacilli are 
not commonly found in other retentive 

niches of the GI tract, like the caecum 
and appendix (Walter 2008). The key 
feature that distinguishes the stomach 
from the rest of the GI tract is the low 
pH. Just outside the stomach, in the 
duodenum, the pH rises to around 7 and 
continues at or slightly above pH 7 to the 
distal end of the colon. We propose that 
the necessary colonization requirements 
for lactobacilli in the human GI tract, 
in the absence of specific adhesins, are 
retentive areas and low pH.

Natural History of Lactobacilli 
in the Oral Cavity

The relationship between lactobacilli and 
dental caries is well established. But can 
the oral cavity sustain them in the absence 
of caries? Several investigators posit that 
the oral cavity is the source of lactobacilli 
to the downstream GI tract (Dal Bello and 
Hertel 2006; Walter 2008). If so, which 
attributes of the oral cavity sustain their 
colonization? Vaginally delivered neonates 
have been shown to harbor lactobacilli in 
the oral cavity at the time of birth, which 
can be traced to the mother’s vagina 
(Carlsson and Gothefors 1975). However, 
they are transients and not sustained in 
the baby’s mouth after 1 mo. Lactobacilli 
are also found in the mouths of breastfed 
infants, while they are seldom found in 
bottle-fed infants (Holgerson et al. 2013; 
Vestman et al. 2013). After weaning and 
prior to tooth emergence, lactobacilli are 
rarely found in the oral cavity of infants 
(Carlsson et al. 1975).

Once teeth emerge, the occlusal 
fissures would seem suitable retentive 
sites for the colonization of lactobacilli 
(Loesche et al. 1984). However, the key 
ecological determinant for the sustained 
colonization of lactobacilli in the oral 
cavity seems to be the presence of caries. 
It is of historical note to mention that this 
relationship was established by Harrison 
and Opal (1944), who isolated lactobacilli 
from 93% of saliva samples and 66% of 
fecal samples of children with dental 
caries but not from those who were 
caries free. Furthermore, the phenotypic 
similarity between oral and fecal strains 
led them to postulate that the GI tract 
was continually seeded with lactobacilli-

contaminated saliva. Modern studies of  
infants younger than age 6 y also showed 
a correlation between the presence of 
lactobacilli in the oral cavity and dental 
caries, with few caries-free children 
positive for lactobacilli (Leverett et al. 
1993; Marchant et al. 2001; Teanpaisan  
et al. 2007; Piwat et al. 2010). In a 
previous study (Yang et al. 2010), we 
also failed to detect lactobacilli in the 
plaque or occlusal fissures of caries-free 
children. This observation was recently 
extended to 38 caries-free children 3 to 6 
y of age, despite deep sampling of intact 
fissures (our unpublished results). In this 
current study, we detected signal for the 
presence of lactobacilli in the plaque of 
some caries-free children by selective 
amplification of the 16S ribosomal RNA 
(rRNA) gene using Lactobacillus-specific  
primers (Byun et al. 2004) but not 
universal primers. This finding suggests 
to us and others (Walter 2008) that 
lactobacilli may be present but in 
very low levels compared with the 
overall microbiome and may be simply 
contamination from food.

The composition of the oral 
microbiome varies greatly as individuals 
age (Xu et al. 2015). Nevertheless, the 
evidence indicates that the presence 
of lactobacilli in the oral cavity from 
childhood to adulthood is a function 
of whether an individual develops 
caries or not. In 2012, the World Health 
Organization stated that 60% to 90% of 
children and nearly 100% of adults have 
dental cavities (http://www.who.int/
mediacentre/factsheets/fs318/en/). Given 
this almost universal presence of caries in 
modern humans, it would be interesting 
to monitor the levels of lactobacilli in 
the oral cavity and GI tract of caries-free 
teenagers and adults. A recent survey of 
healthy adults 18 to 40 y old and free of 
untreated caries showed a stark absence 
of lactobacilli in oral and stool samples 
(Segata et al. 2012). This suggests that 
lactobacilli are not present in adults 
without active caries lesions or that they 
exist below the detection level of a 16S 
rRNA gene survey with bacterial universal 
primers. In this respect, surveys with 
Lactobacillus-specific primers could be 
more informative.

http://www.who.int/mediacentre/factsheets/fs318/en/
http://www.who.int/mediacentre/factsheets/fs318/en/
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In summary, lactobacilli levels 
seem to fluctuate in the oral cavity of 
young children as a result of various 
developmental events from birth to tooth 
eruption. Lactobacilli from milk may 
be the main source to the oral cavity 
of young children, at least until teeth 
emerge. Children who remain caries-free 
generally do not harbor remarkable levels 
of lactobacilli in the mouth, while those 
with caries clearly do. The presence 
or absence of lactobacilli in the oral 
cavity seems to, in turn, determine their 
presence or absence downstream in stool 
samples, pointing to the oral cavity as 
the main reservoir of lactobacilli for the 
GI tract. This has profound implications 
not only for overall health but also for 
diagnostics.

Lactobacilli and Dental Caries

Caries-specific Species of Lactobacillus
The prevalence data from different 

studies of Lactobacillus species 
associated with caries show a remarkable 
overall concordance in the distribution 
and diversity despite different caries 
groups and geographic locations 
(Tables 1, 2). One of the challenges in 
comparing species across studies resides 

in the method employed to determine 
species affiliations. In Tables 1 and 2, 
we present data only from studies in 
which species identification was based 
on the 16S rRNA gene sequence. We 
detected a similar constellation of 
Lactobacillus species in our survey of 
38 children with severe early childhood 
caries (S-ECC) based on culture (Fig. 1). 
The dominant species in both adult and 
childhood caries include Lactobacillus 
fermentum, Lactobacillus rhamnosus, 
Lactobacillus gasseri, Lactobacillus casei/
paracasei, Lactobacillus salivarius, 
Lactobacillus plantarum, and, in lesser 
prevalence, Lactobacillus oris and 
Lactobacillus vaginalis. Less common 
species included Lactobacillus mucosae, 
Lactobacillus crispatus, Lactobacillus 
ultunesis, Lactobacillus reuteri, 
Lactobacillus gastricus, and Lactobacillus 
parabuchneri. Most Lactobacillus species 
found in caries lesions cohabitate with 
other lactobacilli; only L. fermentum, 
L. casei/paracasei, and L. salivarius 
were found as the single Lactobacillus 
occupant of caries lesions in our study 
(unpublished results). All those species 
with prevalence below 10% in our cohort 
of S-ECC children (i.e., Lactobacillus 
buchneri, L. parabuchneri, L. gastricus,  

L. mucosae, and L. crispatus) (Fig. 1) were 
always coisolated with other lactobacilli. 
Moreover, based on the original isolation 
plates, they always comprised less than 
20% of the isolates per subject. Thus, 
they can be presumed to be transient 
contaminants from food or other sources 
with no major role in caries, at least in 
our study population.

The dominant repertoire of oral 
Lactobacillus species shows little overlap 
with that of the human vagina, composed 
mainly of Lactobacillus iners, L. gasseri,  
L. crispatus, and L. jensenii (Ravel  
et al. 2011; Mendes-Soares et al. 2014). 
Unsurprisingly, perhaps, the oral data are 
more consistent with the species isolated 
from human breast milk, comprising  
L. rhamnosus, L. plantarum, and  
L. fermentum (Martin et al. 2007), and 
from biopsy specimens of the stomach 
and intestine, consisting mainly of 
L. gasseri, L. reuteri, L. salivarius, L. 
fermentum, and L. vaginalis (Ryan et al. 
2008). An oral origin has been proposed 
for most of the GI species (Dal Bello 
and Hertel 2006; Walter 2008). To our 
knowledge, comprehensive studies of 
the lactobacilli present in the mouth, GI 
tract, and vagina of the same population 
are lacking. Nevertheless, the evidence 

Table 1.
Lactobacillus Species Isolated from the Dentitions of Adults with Caries, Ranked by Abundance

Ahrne et al. 
(1998)

Byun et al. 
(2004)

Munson et al. 
(2004)

Chhour et al. 
(2005)

Dal Bello and 
Hertel (2006)

Caufield et al. 
(2007)

Obata et al. 
(2014)

Oral and rectal 

mucosa samples 

from 42 adults

Adult extracted teeth Adult caries lesions Adult caries lesions Saliva and feces 

from 3 adults

Caries-active 

mothers’ saliva

22 dentin caries 

from subjects 

ages 4 to 76 y

Goteborg, Sweden Sydney, Australia London, United 

Kingdom

Sydney, Australia Stuttgart, Germany Birmingham, AL, 

United States

Fukuoka, Japan

L. plantarum L. gasseri L. gasseri/johnsonii L. casei/rhamnosus L. gasseri L. fermentum L. gasseri 

L. rhamnosus L. rhamnosus L. rhamnosus L. panis/reuteri L. casei/paracasei L. gasseri L. paracasei

L. casei unknown Lacto L. casei L. fermentum L. vaginalis L. vaginalis L. salivarius

L. salivarius L. casei/paracasei L. pentosus/ 
plantarum

L. gasseri L. rhamnosus L. salivarius L. vaginalis

L. crispatus L. oris L. salivarius L. oris L. crispatus

L. ultunensis L. fermentum L. ultunensis L. fermentum

 L. salivarius L. vaginalis    
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hitherto positions L. gasseri as the only 
species consistently found in all 3 sites.

Only a handful of Lactobacillus species 
out of the over 150 species currently 
recognized are found in the oral cavity, 
more specifically, in caries lesions. In 
addition, these species constitute a 
distinct repertoire, different from that of 

the vagina. This suggests that the oral 
species display a niche specificity, as yet 
not fully undefined. The phylogenetic 
relationships between the dominant oral 
Lactobacillus species inferred based 
on the sequence of the 16S rRNA gene 
(Salvetti 2012) or the 73 core genes (Sun 
et al. 2014) indicate that they belong to 

different clades or phylogroups. This 
suggests that the lactobacilli associated 
with dental caries did not arise from a 
recent common ancestor but that the 
adaptation to the caries niche appeared 
independently in different lineages. What 
do these Lactobacillus species have 
in common that makes them suited to 
the oral cavity and dental caries? Our 
group is actively engaged in determining 
whether there are niche-specific 
attributes common to caries-associated 
species in contrast to nonoral species 
of Lactobacillus. Niche-specific genes 
have been identified in Lactobacillus 
species associated with dairy and gut 
environments (O’Sullivan et al. 2009). On 
the other hand, the search for common 
niche-specific genetic loci for vaginal 
Lactobacillus species remains unresolved 
(Ravel et al. 2011) despite their close 
phylogenetic relationships (Salvetti 2012; 
Sun et al. 2014).

Retentive Niche: The Relationship 
between MS and Lactobacilli

The current caries paradigm holds that 
dental caries is caused by acidogenic 
bacteria that produce lactic acid as a 
result of the anaerobic fermentation 
of carbohydrates, coupled with their 
aciduric properties that allow their 

Figure 1.
Prevalence of the different Lactobacillus species isolated from children with severe early 
childhood caries (S-ECC) (n = 35) and their mothers (n = 15); for description of study 
cohort, see the Appendix (Li et al. 2015).

Table 2.
Lactobacillus Species Isolated from the Dentitions of Children with Caries, Ranked by Abundance

Marchant et al. (2001) Piwat et al. (2010) Tanner et al. (2011) Yang et al. (2012) Teanpaisan et al. (2012)

Extracted teeth from 3- to 

5-y-old children with S-ECC

Saliva from 2- to 5-y-old 

caries-prone children

Plaque sample from 2- to 

6-y-old S-ECC children

Saliva and caries lesions from 

S-ECC children

2- to 5-y-old caries-prone 

mother-child pairs

London, United Kingdom Songkhla, Thailand Boston, MA, United States New York, NY, United States Songkhla, Thailand

L. casei L. fermentum L. fermentum L. rhamnosus L. fermentum

L. fermentum L. salivarius L. gasseri L. gasseri L. casei/paracasei

L. rhamnosus L. casei/paracasei L. casei/paracasei L. fermentum L. rhamnosus

L. salivarius L. rhamnosus L. casei L. salivarius

L. plantarum L. mucosae L. oris L. mucosae

L. buchneri L. oris L. salivarius L. plantarum

L. brevis L. gasseri  L. vaginalis

S-ECC, severe early childhood caries.
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survival in a low pH milieu. The ability 
of lactobacilli and MS to ferment a variety 
of carbohydrates and to survive in a low 
pH environment is the major hallmark of 
the caries paradigm. Before the discovery 
of MS, lactobacilli were considered 
the major etiological agent of dental 
caries because of the high correlation 
between the Lactobacillus salivary 
counts and the caries scores (Loesche 
et al. 1984). However, the interpretation 
of this correlation as causation was 
erroneous. It is likely that the existing 
caries lesions harbored lactobacilli and 
shed them into the saliva, rather than 
high levels of lactobacilli predating 
caries. Indeed, lactobacilli have been 
regarded as secondary invaders rather 
than the primary initiator of caries, a role 
traditionally reserved for the MS (van 
Houte 1980; Badet and Thebaud 2008). 
van Houte and coworkers recognized that 

the relatively low affinity of lactobacilli 
for teeth implied that mechanical 
retention may play an important role in 
their colonization of the tooth surface 
(van Houte et al. 1972). Taken together, 
these observations suggest that the 
MS and other acidogenic oral bacteria 
create the necessary niche (a precaries 
lesion) capable of mechanically retaining 
lactobacilli. In our model, we will refer to 
this as the “retentive niche,” a necessary 
prerequisite for sustained colonization 
of lactobacilli in the oral cavity. The 
precaries retentive niche also becomes 
a site of stagnation, capable of not 
only retaining the otherwise planktonic 
lactobacilli but also providing a physical 
containment area that supports low 
pH and an anaerobic environment. An 
additional feature of the retentive niche 
is the mechanical trapping of food, a 
source of carbohydrates. Thus, not unlike 

the environment of silage and other 
food fermentations, the caries lesion 
constitutes a retentive, stagnant, acidic 
environment rich in carbohydrates, where 
lactobacilli can thrive.

Sucrose Connection and Other 
Cariogenic Attributes

Sucrose is the most important 
dietary contributor to dental caries in 
modern humans. Streptococcus mutans 
exemplifies the cariogenic properties 
of sucrose metabolism, acidogenity via 
fermentation, and adherence and biofilm 
formation via synthesis of extracellular 
glucans (Banas 2004). Lactobacilli, like 
the MS, have the ability to metabolize 
sucrose (Almståhl et al. 2013), but details 
as to the specific genetic mechanism 
are limited to a few species associated 
with food processing or probiotics. We 
found that many of the Lactobacillus 

Figure 2.
Proposed model showing caries lesions as the major or only source of Lactobacillus (LB) from the oral cavity to the GI tract. Left 
panel: Primary teeth (molar and incisor) in a caries-free child in the absence of LB. Most children harbor mutans streptococci (MS) as 
commensal bacteria of the oral cavity. Right Panel: 1. An early caries lesion with MS in the presence of simple carbohydrates (CHO; e.g., 
sucrose). Some teeth of children with severe early childhood caries (S-ECC) have retentive niches in the form of enamel hypoplasia (~EHP) 
as well as pits and fissures found on the occlusal and buccal surfaces of the molars. 2. MS and other acidogenic microbes coalesce  and 
form a retentive niche characterized by low pH and anaerobic conditions. Select species of LB from food or other humans accumulate in 
the retentive, low pH niche. If early caries continues to dentin, LB may be able to bind and/or degrade exposed dentinal collagen. 3. Caries 
has progressed due to lower pH contributed by both MS and LB. LB can dominate lesions to the exclusion of MS. 4. LB from caries lesions 
spill over into the saliva and are swallowed, seeding the downstream gastrointestinal (GI) tract, including retentive sites in the low pH 
stomach. We hypothesize that in the absence of dental caries, the oral cavity does not harbor LB, and as a result, the downstream GI tract 
no longer has a source of LB except those present in food.
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genomes isolated from the S-ECC 
children in our study harbor a sucrose-
specific phosphotransferase system (PTS) 
EII component, sucrose-6-phosphate 
hydrolase and sucrose phosphorylase 
(unpublished results), although the 
genetic repertoire varies between species 
and strains. Likewise, glucosyltransferases 
(Gtf) capable of synthesizing different 
types of glucans have been described for 
strains of L. reuteri, L. fermentum,  
L. parabuchneri, and Lactobacillus sakei 
(Kralj et al. 2004). We found gtf genes 
in about half of our L. fermentum oral 
genomes, but they were remarkably 
absent from the other species associated 
with S‑ECC. This suggests that sucrose-
dependent glucan synthesis is a strain-
specific attribute in lactobacilli, rather 
than a widespread mechanism of 
adhesion as in streptococci (Argimon  
et al. 2013).

Unlike enamel, which is mainly mineral, 
dentin is composed of both apatite 
mineral and an extracellular organic 
matrix of mostly type I collagen. Bacterial 
acids alone are sufficient for enamel 
demineralization, but they are not as 
disruptive to dentin, where proteolytic 
activity is also required. Weak acids that 
lower the pH of the dentinal matrix 
are thought to activate human MMP-8 
dormant in the matrix or tubercles 
(Hedenbjörk-Lager et al. 2015) and this, 
in turn, promotes caries progression. 
Once the collagen in dentin is exposed, 
it becomes a target for bacterial 
collagenases and collagen-binding 
proteins. Several Lactobacillus species 
have showed type I collagen binding 
activity, a feature that could help sustain 
them in the caries lesion (McGrady et 
al. 1995). Consistent with this, we found 
putative collagen-binding proteins in the 
genomes of L. casei/paracasei, L. gasseri,  
L. rhamnosus, L. fermentum,  
L. salivarius, L. oris, and L. vaginalis 
strains isolated from S-ECC children 
(unpublished results). However, we did 
not find evidence of collagenase genes 
in these same genomes, suggesting that 
lactobacilli might be more prone to 
binding to collagen than degrading it. 
This is in contrast with their cariogenic 
partner S. mutans, where the cnm gene 

encoding a type I collagen binding 
protein is not very prevalent among 
strains (Nomura et al. 2009; Argimon and 
Caufield 2011).

Another difference of clinical 
significance is the inherent tolerance to 
fluoride of some lactobacilli (Hamilton 
et al. 1985; Milnes et al. 1985; Bradshaw 
et al. 1990), up to 10-fold more resistant 
than S. mutans. This difference has been 
attributed in part to the glycolytic enzyme 
enolase, since purified enolase from L. 
rhamnosus was less sensitive to fluoride 
than that of S. mutans (Guha-Chowdhury 
et al. 1997). In addition, bacterial cells are 
highly permeable to hydrogen fluoride 
(HF), the protonated form of fluoride 
found at low pH, which reduces acid 
tolerance by inhibiting the extrusion 
of protons by the cell membrane F

1
F

0
 

ATPase. However, L. casei seems to be 
able to maintain proton translocation by 
virtue of greater amounts of membrane 
ATPase compared with S. mutans 
(Bender and Marquis 1987). If fluoride 
resistance applies to all the Lactobacillus 
species associated with dental caries, 
it may be that fluoride therapy could 
promote dominance of lactobacilli in 
lesions over other F– sensitive microbes 
such as S. mutans. Lactobacilli have 
been shown to be sensitive to high 
concentrations of fluoride, however, in a 
mixed-species cariogenic biofilm (Mei  
et al. 2013).

In addition to their tolerance to fluoride, 
36%, 50%, and 52% of Lactobacillus 
strains isolated from caries-prone adults 
could metabolize xylitol, mannitol, and 
sorbitol, respectively (Almståhl et al. 
2013). Since these sugar alcohols are 
often recommended for caries control 
as noncariogenic sweeteners (Burt 
2006) and anticaries agents, they could 
conceivably promote caries progression 
in those lesions dominated by lactobacilli.

Where Do Lactobacilli in the 
Oral Cavity Come From?

Given the proposal that caries lesions 
are necessary and sufficient for sustained 
colonization of lactobacilli in the oral 
cavity, what is the source? The most 
obvious sources for lactobacilli would be 
food or other infected humans. Vertical 

transmission from the mother, as in 
the case of the indigenous S. mutans, 
is certainly an attractive possibility. 
Unlike the transient character of the 
oral lactobacilli acquired by vaginally 
delivered neonates or breastfed infants, 
lactobacilli transmitted from the mother 
to a child could potentially persist in 
the oral cavity once a retentive niche 
is present. Among young children with 
caries, Teanpaisan and coworkers (2012) 
suggested that the mothers are the source 
of L. fermentum, since they show 50% 
of genotypes common to both mother 
and child. However, the presence of the 
same genotypes does not prove vertical 
transmission, as children and their 
mothers typically have a similar diet and 
could therefore be seeded with the same 
strains of lactobacilli. In our study cohort, 
S‑ECC children and their mothers have 
a similar distribution of Lactobacillus 
species, with the notable exception of  
L. rhamnosus and L. plantarum—none  
of the mothers harbored these 2 species. 
L. vaginalis was also more common 
among mothers than their S-ECC 
children. We found commonality of 
species between mothers and their child 
in 23% of 15 pairs (data not shown). Our 
findings, although from a single, cross-
sectional sampling, suggest that most 
children harbor Lactobacillus species 
and/or genotypes not found in their 
mothers.

Lactobacilli are key players in the 
fermentation and preservation of food. 
They are present in yogurt, cheese, 
coffee, and a wide variety of fermented 
foods, depending on cultural and 
geographic preferences. Several of the 
Lactobacillus species found in the oral 
cavity (Tables 1, 2 and Fig. 1) are also  
found in food. For example, L. casei/
paracasei, L. rhamnosus, and  
L. plantarum are common in dairy 
products (Bernardeau et al. 2008). 
L. fermentum, L. plantarum, and 
Lactobacillus pentosus are commonly 
isolated from Asian fermented fruits 
and vegetables (Swain et al. 2014). 
Population-focused studies of oral 
and food Lactobacillus genotypes are 
required to single out food as a source of 
lactobacilli to the oral cavity.
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Model for the Role of 
Lactobacilli in Dental Caries

This review supports the notion that 
lactobacilli colonizing the oral cavity 
are opportunistic invaders of precaries 
or existing caries lesions, rather than 
members of the indigenous biota that 
have coevolved with their human host. 
We propose that the colonization of 
the oral cavity by lactobacilli requires 
3 essential conditions, as shown in 
Figure 2: 1) a retentive niche that allows 
lactobacilli to accumulate, which in turn 
creates 2) a low pH milieu and anaerobic 
environment, combined with 3) access 
to a ready source of carbohydrates. 
Two of these requirements involve 
niche creation by earlier colonizers, 
such as the MS and/or other cariogens. 
The concept that “S. mutans may be 
necessary for fissure caries, though not 
a sufficient condition” (Burt et al. 1983) 
is consistent with our model (Fig. 2) 
because MS are present in both caries-
free and caries-active sites. However, 
under cariogenic conditions, MS play the 
critical role required for the colonization 
of lactobacilli in the oral cavity (i.e., 
creating a retentive niche). MS begin 
colonizing teeth as they enter the oral 
cavity, especially fissured-primary molars 
and any teeth with surface defects or 
enamel hypoplasia (EHP) (Li et al.  
1994; Caufield et al. 2012). In the 
presence of fermentable carbohydrates, 
MS and other acidogenic microbes 
demineralize the enamel to form 
precaries lesions. These areas become a 
retentive, low pH niche for lactobacilli 
accumulation, which take advantage 
of their proclivity for making and 
surviving in an increasingly reduced 
pH environment. In some cases, the 
lactobacilli can outcompete and exclude 
the same bacteria that created the 
retentive niche (Chhour et al. 2005).

Perhaps the most profound implication 
of this model, if true, is that the isolation 
of lactobacilli in sufficient numbers 
from either the oral cavity or GI tract 
is an indication of dental caries. Even 
though caries affects most individuals, 
their presence is not consistent with 
health. In the past, clinicians have 

gauged caries risk via a surrogate 
measure for lactobacilli counts in saliva, 
final medium pH (e.g., the Snyder Test; 
Snyder 1940). The shortcoming of this 
and other diagnostic tests is that they 
are not specific to just lactobacilli or 
to the species listed in Tables 1 and 2. 
More precise tests could be devised 
for diagnostic use. Elimination of all 
retentive sites, leading to absence of the 
caries-associated lactobacilli from the 
oral cavity, might indicate a therapeutic 
endpoint. In fact, a past study showed 
that restoration of caries resulted in 
significant reductions of lactobacilli in 
saliva (Wright et al. 1992). Clinicians 
should also be mindful that some 
lactobacilli are fluoride tolerant and 
capable of producing acid from xyiltol 
and other sucrose substitutes.

On a broader and more theoretical 
note, the collective evidence 
presented here strongly suggests 
that the lactobacilli of the oral cavity 
and downstream GI tract are not 
indigenous to humans as a result of 
a long-term host-commensal bacterial 
coevolution. Rather, lactobacilli represent 
opportunistic microbes that have 
adapted to a specific niche created by 
the destabilization of a healthy oral 
microbiome to one conducive to dental 
caries. We believe that the advent of 
modern, intense agriculture principally 
centered on harvesting of carbohydrates 
along with their companion lactobacilli 
may directly correlate with the 
introduction of dental caries in 
modern humans. The administration 
of lactobacilli supplements (probiotics) 
in the name of health will need to 
be weighed against their possible 
contribution to dental caries.
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