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Abstract

Saliva provides some real potential in evaluating dental caries risk. Lack of 
saliva predisposes the development of atypical or unusual dental decay, i.e., 
cervical, incisal or in cusps tips, as well as radicular lesions. This is due to that 
saliva contains various microbes and host biological components that could be 
used for caries risk assessment. This review focuses on the research topics 
that connect on some methods used for detecting of Streptococcus mutans and 
Lactobacillus in Saliva.

Keywords: Streptococcus mutans; Lactobacilli; Caries risk; Evaluation 
methods

Introduction
More than 700 species in the oral environment have been 

detected which make the oral flora one of the most complex 
microbial communities in the human body [1,2]. Saliva acts as an oral 
circulating fluid for the spread of bacteria and acts as a reservoir for 
bacterial colonization [2].

Previous studies have shown an increase in the ratio of MS to 
LB in saliva, which is related to the increase in caries initiation and 
progression [3]. Higher levels of salivary MS were found in subjects 
with multiple surface repair; in addition, it was possible to continue 
caries activity compared to those without caries and without recovery 
[4]. On the other hand, data on the possible association between 
salivary LB levels and dental caries onset is less convincing [5]. 
However, once dental caries begins, the level of LB is significantly 
increased [6]. This may reflect the owner’s sugar consumption. 
Therefore, the level of Lactobacillus in saliva may be indirectly related 
to the progression of caries [7]. Therefore, there are no absolute 
values, such as high or low values, which explain the predicted 
thresholds for saliva MS and LB. For example, Krasse and Fure, et 
al. suggest that 105 MS per ml of saliva can be considered high value 
for people with only a few teeth and no fillings. However, for people 
with many restorations, 106 may not be a very high value [8]. For 
LB, the count of 104 CFU / mL in saliva was considered low; while 
106 CFU / mL in saliva was considered high [9]. Some studies on the 
high value sensitivity and probability of SM or LB in individuals with 
rickets are different from 44% to 71%, which is below their specificity 
of 56% to 100%. This may mean that the chances of individuals 
with no new caries or dental caries decrease the value of these 
species [10,11]. Several methods have been used to detect mutans 
streptococci and lactobacilli from oral samples, for example; direct 
microscopy, cultivation, enzyme test, monoclonal antibodies (mAbs), 
Enzyme-Linked Immunosorbent Assays (ELISA), culture methods 
and species-specific DNA probes (22-26). However, most of these 
methods are time-consuming, laborious, and relatively unspecific 
[24]. Four detecting and evaluating methods will be discussed in this 
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review.

Culture-Based Methods
These methods are a common approach to identify the proportion 

of salivary MS and LB on selective media. A selective medium based 
on “the Mitis Salivarius Bacteriacin agar (MSB) was described by 
Gold, et al. for MS, which were found to be resistant to bacitracin [9]. 
However, the shortest shelf life of (MSB), the longest one, is a major 
limitation. This is especially inconvenient when the board is used 
in a clinical setting. Mitis Salivarius Bacitracin Broth (MSBB) was 
developed by Matsukubo et al. In 1981, it had a longer shelf life. The 
concentration of bacitracin and sucrose in the medium was chosen to 
obtain the distinct characteristics of the colonies and to make them 
have good adhesion to the glass [12].

In 1940, Snyder described a simple colorimetric method for 
indirect determination of LB counts in saliva [13]. Moreover, in 
1951 a further perfection? in the cultivation of LB had introduced by 
Rogosa, et al. that was an improved selective medium” [14]; It allows 
for the growth of wide range of oral LB and remains the basis for 
modern diagnostic of saliva LB testing.

Dip-slide methods
Compared to traditional agar plate technology, the dip-slide test 

has been found to be “a reliable method for detecting MS and LB 
levels in saliva [15,16]. Recently, all commercial dip-slide methods 
have determined the proportion of MS in saliva by using bacitracin 
to inhibit the growth of all other S. gingivalis on MSB medium other 
than MS. Currently, the most commercially available kit for detecting 
LB saliva is the Rogosa-based medium” [17].

Molecular methods
DNA-based sensitive methods, including “checkerboard DNA-

DNA hybridization, genomic fingerprinting, 16S rRNA gene cloning 
and sequencing, or TRFLP for identification and classification of 
dental caries [18,19]. In addition, Polymerase Chain Reaction (PCR) 
can detect large numbers of microorganisms in saliva and provide 
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accurate measurements of known cariogenic species in saliva [20]. 
Real-time quantitative polymerase chain reaction (qPCR) technology 
is more sensitive to the counting of salivary SM than traditional 
culture-based methods [21]. Polymerase Chain Reaction-Denaturing 
Gradient Gel Electrophoresis (PCR-DGGE) analysis and species 
identification can be used as a community-based molecular technique 
and allow the study of oral bacterial community structures associated 
with severe caries [22]. In addition, DNA and RNA released by 
microorganisms are also present in saliva because Streptococcus 
16S rRNA / rDNA is specified in the liquid phase of saliva [23,24]. 
Therefore, by directly detecting 16S rRNA / rDNA and without 
bacterial cell separation, there is a new possibility of detecting oral 
pathogens from the liquid phase of saliva.

High-throughput DNA sequencing technology and rapid 
expansion of bacterial genomic data are now a practical way to 
identify essential microbial populations in saliva [24]. This high-
throughput sequencing is expected to help distinguish potential 
cariogenic species that may not be detected using currently available 
technologies such as 16S rRNA analysis [25].

In addition, another technique for the detection of cariogenic 
bacteria in saliva is the Monoclonal Antibody (MAb) technology. A 
variety of bacteria present unique surface protein and polysaccharide 
structures on the cell surface. With MAbs that can be generated 
for these structures, the corresponding bacterial species can be 
detected with very high specificity and sensitivity. These antibodies 
can be attached to various detection systems, such as fluorescent, 
colorimetric or aggregating reagents” [26].

Real-Time Quantitative Polymerase Chain 
Reaction (QPCR)

In order to quantify bacterial species in biological samples, qPCR 
was introduced as a new method for rapid detection and enumeration 
of bacterial species [27]. Specific primer sequences for a particular 
bacterial DNA gene can be used to quantify a target bacterium by 
amplifying a double-stranded DNA product. During the PCR cycle, 
the amplified DNA product is bound by a fluorescent DNA dye, 
allowing detection of the relative amount of DNA copies. In addition 
to overcoming the inability to detect non-viable bacteria in culture 
methods, high sensitivity and specificity are the main advantages of 
qPCR [28-30]. Therefore, concerns about the transport and storage 
of clinical samples will not be as critical concerns as conventional 
bacterial cultures [30]. Subsequently, for epidemiological studies in 
large populations, simple sample processing can be a benefit of qPCR, 
for example, samples can be stored on ice or frozen immediately and 
analyzed later [28,30].

As reported by Psoter et al., qPCR is more sensitive than 
conventional PCR and indicates that this technique is suitable for 
oral epidemiological studies [31]. This test can be used to reveal low 
numbers of target bacterial species with detection limits as low as 
25-100 cells [21,32,33]. The presence of specific primers specific for 
a particular bacterial gene increases the specificity of qPCR. Primers 
also offer considerable benefits for qPCR because it accurately 
distinguishes between SM and S. sobrinus for accurate dental caries 
risk prediction and effective caries prevention programs [33].

In addition, real-time quantitative PCR assays also allow for the 

relative or absolute quantification of bacteria of interest, including 
species that cannot be cultured or that are difficult to culture in vitro. 
Another advantage over conventional PCR or endpoint PCR is that 
the assay does not require post-PCR manipulation of the PCR product. 
Therefore, this can reduce the chance of legacy contamination of the 
product [28,29]. qPCR requires less laboratory work and time to get 
results from various types of samples [29].

Many previous studies support the use of PCR and qPCR to detect 
and quantify MS, a cross-sectional study by Okada et al. Using PCR 
to study intraoral distribution and longitudinal studies of children 
with MS? In 2005, it was reported that PCR is suitable and effective in 
MS detection [32,33]. In addition, Loyola-Rodriguez, et al. proposed 
that PCR is comparable to conventional bacterial culture on MS agar 
and MSB agar as a tool for the detection and identification of MS 
[34]. To date, some studies have used qPCR to identify MS in oral 
samples, such as plaque and saliva samples. It is also used to study the 
correlation between MS detection and tooth status, i.e. caries status; 
caries, missing, filling index of primary or permanent teeth (dmf or 
DMF), or caries activity; innocent and carious activity [35-37].

Perspectives
We expect that ongoing innovative research and development will 

have a significant impact on dental caries prediction and control. We 
envision that in the future, treating dental caries will be an evidence-
based dental practice emphasizing the triple-pronged approach of 
early detection, effective and sustainable treatment, and prevention. 
Specifically, detection of microbial and host-related caries risk factors 
can become routine. This approach will help clinicians to reinforce 
the concept of dental caries as an infectious process and will facilitate 
immediate, evidence-based treatment decisions.
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