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Abstract 

 
It is well known that dental caries is mainly caused by acids from bacterial fermentation. Acidogenic 
bacteria, such as Mutans streptococcus and Lactobacilli, have been considered as major pathogenic 
factors of dental caries for a long time. Whereas various studies have shown that Non-mutans 
streptococci can adhere to dental hard tissues, and can secrete GTF enzyme and produce organic 
acids, which may implicate the cariogenic capability of theirs to destroy dental tissue. With theirs 
capabilities, non-mutans streptococci may be proposed to play a role in dental caries process, 
especially at the initial stage. We proposed that cariogenic microorganisms (especially Mutans 
streptococcus and Lactobacilli) or acid production by bacteria may affect the virulence properties of 
non-mutans streptococci (especially S. sanguinis), inducing an increase of the acid produce. Paying 
attention to the role of non-mutans streptococci in the progression of dental caries may advance the 
knowledge of pathology and etiology of caries and offer alternatives for the prevention and therapy of 
dental caries.  
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INTRODUCTION  
 
Non-mutans streptococci, a member of streptococci 
species except S. mutans, including Streptococcus 
sanguinis (Streptococcus sanguis), Streptococcus 
gordonii, Streptococcus oralis and Streptococcus mitis, 
have been recognized as a key player in the bacterial 
colonization of the mouth long before (Kolenbrander et 
al., 2002). They are ones of the first colonization pioneers 
during the plaque formation and provide certain micro-
ecological environment factors for plaque formation (Hojo 
et al., 2009); On the other hand, they may serve as 
tethers for the attachment of other oral microorganisms, 
which colonize the tooth surface, form dental plaque, and 
contribute to the development of caries and periodontal 
disease (Wang et al., 2010). Dental caries has  been con- 
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sidered to be the consequence of demineralization of 
susceptible dental hard tissues caused by organic acids 
(Fejerskov and Kidd, 2008). For the hypothesis theory 
relating plaque to caries, there was a shift in opinion. 
Firstly, the Non-Specific Plaque Hypothesis was 
proposed, which regards dental caries as the result of the 
outcome of the interactions among all of the species. 
Then the Specific Plaque Hypothesis was presented, 
which considers a restricted subset of species to be 
responsible for this disease, such as S. mutans and 
Lactobacillus. Recently, the Ecological Plaque 
Hypothesis is put forward, which deems caries will 
develop only when the homeostatic balance of the 
resident microflora is broken due to a change in local 
environmental conditions (Loesche, 1979 and Marsh, 
1994). 

As for this new field, Kreth and Takahashi's research, 
which intends to understand the complex interactions of 
oral bacteria, represents the  latest  hotspot. It  has  been  
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found that exogenous H2O2 causes release of DNA from 
S. sanguinis (Kreth et al., 2009) and catabolite control 
protein A controls hydrogen peroxide production and cell 
death in S. sanguinis (Zheng et al., 2010). The 
interspecies interactions are possibly mediated through 
bacteriocins and hydrogen peroxide. Bacteriocins 
produced by S. mutans are cytotoxic toward S. gordonii 
and S. sanguinis, whereas S. gordonii and S. sanguinis 
differentially produce H2O2 under aerobic growth 
conditions, which is relatively toxic toward S. mutans 
(Kreth et al., 2005 and Kreth et al., 2008). 

As an extension of ecological plaque hypothesis,            
the importance of non-mutans streptococci was  
proposed by Takahashi. Takahashi and Nyvad go one 
step further and present a new view of caries. It is no 
longer just important to consider, which specific bacteria 
are present, but rather what those bacteria are doing. 
Under the acid environment, non-mutans streptococci 
may prompt the production of acid and induce 
demineralization (Ashby et al., 2009). Actinomyces spp. 
and non-S. mutans streptococci were detected at high 
levels in caries initiation, which may be involved in the 
initiation of the disease (Aas et al., 2008). These 
microbial acid-induced adaptation and selection 
processes may induce a shift of the 
demineralization/remineralization balance toward net 
mineral loss, leading to the initiation/progression of dental 
caries (Takahashi and Nyvad, 2010). The theory was 
supported by the observations that the low pH generated 
from sugar metabolism rather than sugar availability, and 
it led to the breakdown of microbial homeostasis in dental 
plaque (Marsh, 2006). The selection pressure for the 
acidogenic/aciduric bacteria in a mixed culture biofilm 
was account for the pH but not sugar availability. 
Accordingly, we wonder whether the residence of S. 
mutans and Lactobacillus could be speculated partly as a 
result of disease rather than the causes only or as a 
result in the lesions and thus more likely to form a vicious 
circle? But there are no more evidences yet. 
 
 
Hypothesis 

 
The acidogenic and aciduric bacteria in dental plaque, 
especially Mutans streptococcus and Lactobacilli, have 
been considered as major pathogenic factors of dental 
caries for a long time (ÓSullivan et al., 2000). But they 
may have not been regarded as very essential factors for 
initial carious lesions. Therefore, we hypothesize that 
non-mutans streptococci play a role in the initial phrase of 
dental caries due to their capabilities. Accordingly, 
cariogenic microorganisms (especially Mutans 
streptococcus and Lactobacilli) or acid produced by 
bacteria may affect the virulence properties of non-
mutans streptococci. These would affect other plaque 
bacteria in the mouth also, resulting in an increase of the 
acid produce.  

 
 
 
 
DISCUSSION  
 
It can be concluded that some researchers have shown 
the support for this hypothesis. ① Horizontal gene 
transfer (HGT) is thought to play an important role in the 
evolution of species and innovation of genomes. The 
percentage of bacterial horizontally transferred genes 
varied from 30% to 50% (In-Geol and Sung-Hou, 2007). 
The gene transfer can occur from T. denticola to S. 
gordonii (Wang et al., 2002). These HGT may induce the 
transformation of bacterial virulence. ② Extended 
Ecological Plaque Hypothesis of Takahashi purports            
that in the presence of low pH, the non-MS bacteria             
can adapt themselves to the acid environment                      
and produce acid. The acid will destabilize the 
homeostatic biofilm and shift it to a more overall 
acidogenic plaque biofilm (Takahashi and Nyvad, 2008). 
These microbial acid-induced adaptation and selection 
processes may lead a shift of the 
demineralization/remineralization balance toward to net 
mineral loss, leading to initiation/progression of dental 
caries (Takahashi and Nyvad, 2011). Moreover, when 
non-MS bacteria were exposed to an acidic environment, 
their acidogenicity may increase (Takahashi and 
Yamada, 1999). S. mutans would provide this acidic 
environment. Such situation may exist in white spot 
lesions at the beginning of caries. It would produce lower 
pH, thereby having a disadvantageous effect on less 
aciduric oral streptococci, such as S. sanguinis, but 
would also increase their sensitivity to the effects of low 
pH, helping S. mutans to become more dominant 
(Dashper and Reynolds, 2000). ③ Plasmid transfer 
exists among different co-cultured Streptococcus. In 
mixed cultures of S. mutans and S. gordonii harbouring a 
shuttle plasmid, the transfer of plasmid DNA from S. 
gordonii to S. mutans was observed in a CSP and 
mutacin IV-dependent manner. S. mutans may utilize the 
competence-induced bacteriocin production to acquire 
transforming DNA from other species living in the same 
ecological niche (Kreth et al., 2005). ④The effects of 
other species of oral bacteria on virulence gene 
expression by S. mutans had been studied. As compared 
to mono-species biofilms, biofilm formation by S. mutans 
was significantly decreased when grown with S. 
sanguinis, but was modestly increased when co-
cultivated with Lactobacillus casei. Together with the 
formation of biofilms of lactobacillus, streptococcus part 
of the virulence factor expression spaP gtfB gbpB 
reduced, and the common oral S. mutans biofilm 
formation and gbpB spaP also reduced the gtfB did not 
fall (Wen et al., 2010). ⑤Effect of pH on the lactate 
dehydrogenase gens expression of S. mutans. The 
acidogenicity and growth of S. mutans isolates were 
affected by the growth condition. The ldh expression was 
upregulated when S. mutans was cultured under acidic 
environment to survive in hostile environment and 
maintain its cariogenicity (Pi et al., 2010).  



 
 
 
 
Prospect  
 
In future, the study of non-mutans streptococci collected 
and isolated from teeth diagnosed as high and low active 
caries subjects would be conducted to provide some 
evidence for the hypothesis, which cariogenic 
microorganisms or acid produced by bacteria may have 
affect on the virulence properties of non-mutans 
streptococci, for example inducing an increase of acid 
produce. Suppression Subtractive Hybridization (SSH) 
technique may be used to analyze gene expression of 
non-mutans streptococci isolated from high and low 
active caries subjects. And comparative analysis of 
virulence of the strains would be conducted by routine 
biochemical method. Analysis of non-mutans streptococci 
virulence may provide some gene expression and 
biochemical evidence for the hypothesis.  

Nowadays, along with the development of science 
research and new technology, people are paying much 
more attention on what those bacteria in oral cavity are 
doing than which kind of bacteria contributes to this 
disease. Paying attention to the role of non-mutans 
streptococci in the progression of dental caries may 
advance knowledge of pathology and etiology of caries 
and offer additional approaches for the prevention and 
therapy of dental caries. The daily use of oral care 
products might be very important strategies to neutralize 
the mouth and keep the pH within healthy ranges, and to 
prevent caries and control the caries process.  
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