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Dental Caries Vaccine – A Change
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Vaccines are immuno-biological substance that are used for many diseases as cure and treatment. Dental caries is a most common 
dental pathology. Many attempts had been made to cure this infectious disease by vaccine in the form of protein, recombinant or 
synthetic peptide, or DNA-based active vaccines and mucosal adjuvants on animals and it got positive response but still has many 
biocompatibility issues in normal human oral cavity because of dental caries vaccine. 

Introduction

Dental caries is an infectious microbiologic disease of the teeth 
that results in localized dissolution and destruction of the calci-
fied tissue [1]. Dental caries depends on four triads- Microorgan-
ism (Streptococcus mutans, Lactobacillus acidophilus, Actinomyces 
viscosus), Substrate (extrinsic carbohydrates, intracellular poly-
saccharides), Host (smooth surfaces, pits and fissures) and fourth 
triad is added by newbrun that is time. 

Latest advancements in dentistry for oral health education, 
chemical and mechanical control of plaque such as application 
of pit and fissure sealants, use of fluorides, etc. Now in dentistry 
researchers are trying to find the use of dental vaccine in future 
which will be biggest boon for public health [1,2].

What are Vaccines?

Vaccines are an immuno-biological substance that help in the 
production of a protective antibody and other immune mecha-
nisms. Vaccines are combination of live, inactivated or killed or-
ganisms, modified organisms extracted cellular fractions, toxoids, 
or a combination.

Dental Caries Vaccine: It can be developed by identifying specific 
bacterial cause of dental caries and the function of salivary glands 
as an effector site of the mucosal immune system.

Microbiology

Various variety of microorganisms are found in carious lesions 
which are as follow: Mutans group of streptococci -S. mutans, S. 
sobrinus, S. rattus, S. ferus, Streptococcus mutans, Lactobacillus and 
Actinomyces species.
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Streptococcus mutans: It is Gram positive and facultative anaer-
obe and colonize the host only after the first teeth erupt. They are 
mostly found on the surfaces of the teeth and their percentage in 
the plaque is more at starting of dental caries over initiated by 
consumptions of sugar content. They synthesize macro-molecules 
from sucrose that binds to the tooth structure and generate carbo-
hydrates, including sucrose, and are tolerant to low pH. They are 
generally found in initial sites on carious lession [3].

Antigenic determinants of S. mutans

Adhesins: Adhesins have been purified from the two principal 
micro-organisms- Streptococcus mutans and Streptococcus sob-
rinus. 

Glucosyltransferases (gtfs): Three forms of GTF’s: 

Genes encoding the 3 forms are: 
 -      GTF-C - GTF-S: GTF-I: GTF-B - GTF-SI: GTF-D [4,5].

 -      Water-soluble glucan synthesizing enzymes: GTF-S
 -      Water insoluble and water-soluble glucan synthesizing  
         enzymes: GTF-S-I.
 -      Glucan synthesizing enzyme: GTF-I.

Glucan Binding Protein (GBP): They release 3 distinct proteins 
with glucan binding activity: GBP-A, GBP-B and GBP-C. It helps in 
adhering of glucan to S. mutans. It helps in increasing the porosity 
of the dental biofilm, thus increasing the availability of nutrients 
for continued bacterial metabolism.

Dextranases: Dextran is basic content of early dental plaque and 
its enzyme (Dextranase) removing the dextran and thus the bac-
teria can invade dextran-rich early plaque. Dextran, it helps in the 
prevention of the colonization of the organism at early stage.

Mechanism of Action: Salivary immunoglobulin may interact with 
bacterial surface receptors and inhibit colonization. May inactivate 
surface glucosyltransferases, which would reduce synthesis of ex-
tra cellular glucans resulting in reducing plaque formation. Secre-
tory IgA from salivary glands due to direct immunization of gut as-
sociated lymphoid tissue (GALT):

• May prevent MS from adhering to the enamel surface.
• May also prevent formation of dextran by inhibiting the   

 activity of glucosyltransferase (GTF).

Gingival crevicular mechanism: All humoral and cellular com-
ponents of systemic immune system, that exert its function at tooth 
surface [6-11].

Various Methods of Administration: Common Mucosal Immune 
Pathway

- Systemic Route
- Active Gingivo-salivary Route

Common Mucosal Immune System: Mucosal applications of 
dental caries vaccines are generally preferred for the induction of 
Secretory-IgA antibodies. Following methods are using:

Oral Route: Relied on oral induction of immunity in the GALT. Oral 
feeding, gastric intubation, or in vaccine containing capsules or li-
posomes are best way of application for antigen.

Intranasal Route: The NALT, procedure for nasal route adminis-
tration has been used to induce immunity to bacterial antigens to 
avoid colonization and accumulation of microorganisms.

Figure 1

Minor Salivary Gland

They are best route for mucosal induction, with less time, 
broad secretory ducts that give retrograde access of bacteria and 
their products.

Rectal

Because of the highest concentration of lymphoid follicles in 
the lower intestinal tract it is known as inductive location for im-
mune responses. 

Systemic Route: This route was use IgG, IgM and IgA antibodies. 
The antibodies find their way into the oral cavity via GCF and are 
protective against dental caries. The development of serum IgG an-
tibodies takes place within months of immunization.

Dental Caries Vaccine – A Change

42

Citation: Sharma Yesh., et al. “Dental Caries Vaccine – A Change”. Acta Scientific Dental Sciences 2.10 (2018): 41-44.



Figure 2

Active Gingivo-Salivary Route

In order to reduce side effects, gingival crevicular fluid is found 
to be best route of administration. Both IgA and IgG antibodies are 
induced.

Figure 3

Passive Immunization

It involves passive of the antibodies. Several researches are as 
follow:

1. Monoclonal antibodies: These antibodies to S. mutans 
cell surface Ag I/II have been examined. Topical applica-
tion where S. mutans are more in number found to be more 
effected and showed massive reduction.

2. Bovine milk: This milk reduces caries because of con-
taining polyclonal IgG Abs. While using for mouth wash it 
helped to reduces the percentage of S. mutans in plaque.

3. Egg-yolk antibodies: Caries reduction were noticed due 
to presence of formalin killed whole cells and cell associ-
ated GTFs.

4. Transgenic plants: Vaccine is tasteless, colourless and can 
be applied onto the teeth. It is the first plant derived vac-
cine from plants which are genetically modified.

Adjuvants and Delivery Systems for Dental Caries Vaccine

Coupling with Cholera Toxin subunits: 

-          It is a powerful mucosal immune adjuvant.
-         Addition of CT or E. coli heat labile LT: enhances immune  

                 response. 

Microcapsules and micro particles: Microcapsules and micro 
particles of polylactide-coglycolide (PLGA) used as local delivery 
systems.

Fusing with salmonella: It act as effective vaccine vector when 
fusion done with various recombinant techniques.

Liposomes: Because of mucosal immune responses by facilitating 
M cell uptake and delivery of antigen to lymphoid elements of in-
ductive tissue, it improves drug delivery [12-15].

Advantages

- Prevents the disease in children

- Can be incorporated to universal immunization programme

- Cost effective in the long run

- Provides lifelong immunity etic peptides-Antigen derived 
from animals/ humans has potential for hypersensitivity 
and give antibodies in GCF and saliva.

Disadvantages

- Risk of hypersensitivity

- Cross reactivity of certain antigenic components of S. mu-
tans with heart tissue (structurally similar to myosin)

- Microbial resistance

Conclusion

Dental caries vaccine has big scope in future. Still many re-
searches are going on to make dental caries vaccine biocompatible 
human race. However, there is no vaccines in present health sec-
tor that will give long term protective barrier against dental caries. 
Second big challenge is elimination of specific microorganism from 
oral cavity with the use of dental caries vaccine [16].

Bibliography

1. KM Shivakumar., et al. “Dental caries vaccine”. Indian Journal of 
Dental Research 20.1 (2009): 99-106.

2. Smith DJ. “Dental caries vaccines: prospects and concerns”. 
Critical Reviews in Oral Biology and Medicine 13.4 (2002): 335-
349.

3. Russell MW., et al. “A Caries Vaccine? The state of the science 
of immunization against dental caries”. Caries Research 38.3 
(2004): 230-235.

4. Iwaki M., et al. “Oral immunization with recombinant 
Streptococcus lactis carrying the Streptococcus mutans 
surface protein antigen gene”. Infection and Immunity 58.9 
(1990): 2929-2934.

Dental Caries Vaccine – A Change

43

Citation: Sharma Yesh., et al. “Dental Caries Vaccine – A Change”. Acta Scientific Dental Sciences 2.10 (2018): 41-44.

http://www.ijdr.in/article.asp?issn=0970-9290;year=2009;volume=20;issue=1;spage=99;epage=106;aulast=Shivakumar
http://www.ijdr.in/article.asp?issn=0970-9290;year=2009;volume=20;issue=1;spage=99;epage=106;aulast=Shivakumar
https://www.ncbi.nlm.nih.gov/pubmed/12191960
https://www.ncbi.nlm.nih.gov/pubmed/12191960
https://www.ncbi.nlm.nih.gov/pubmed/12191960
https://www.ncbi.nlm.nih.gov/pubmed/15153693
https://www.ncbi.nlm.nih.gov/pubmed/15153693
https://www.ncbi.nlm.nih.gov/pubmed/15153693
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC313589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC313589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC313589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC313589/


Volume 2 Issue 10 October 2018
©  All rights  are reserved by Sharma Yesh., et al.

Dental Caries Vaccine – A Change

5. Bowen WH., et al. “Immunization against dental caries: 
Summary”. Journal of Dental Research 55 (1976): 164-165.

6. Katz J., et al. “Protective salivary immunoglobulin A responses 
against Streptococcus mutans infection after intranasal 
immunization with S. mutans antigen I/II coupled to the B 
subunit of cholera toxin”. Infection and Immunity 61.5 (1993): 
1964-1971.

7. Taubman MA., et al. “Diepitopic construct of functionally 
and epitopically complementary peptides enhances 
immunogenicity, reactivity with glucosyltransferase, and 
protection from dental caries”. Infection and Immunity 69.7 
(2001): 4210-4216.

8. Hajishengallis G., et al. “Inhibition of Streptococcus mutans 
adherence to saliva-coated hydroxyapatite by human secretory 
immunoglobulin A (S-IgA) antibodies to cell surface protein 
antigen I/II: reversal by IgA1 protease cleavage”. Infection and 
Immunity 60 (1992): 5057-5064.

9. Smith DJ., et al. “Effects of local immunization with 
glucosyltransferase antigens from Strep. Sanguis on dental 
caries caused by Strep Mutans”. Archives of Oral Biology 26.11 
(1981): 871-878.

10. Smith DJ., et al. “Remote glucosyltransferase-microparticle 
vaccine delivery induces protective immunity in the oral 
cavity”. Oral Microbiology and Immunology 18.4 (2003): 240-
248.

11. LehChilders NK., et al. “Humans immunized with Streptococcus 
mutans antigens by mucosal routes”. Journal of Dental Research 
81.1 (2002): 48-52.

12. Iwaki M., et al. “Oral immunization with recombinant 
Streptococcus lactis carrying the Streptococcus mutans 
surface protein antigen gene”. Infection Immunology 58.9 
(1990): 2929-2934.

13. Lehner T. “Immunology of dental caries”. Immunology of oral 
diseases. 3rd edition. Blackwell scientific publications (1992).

14. T lehner., et al. “Local Passive Immunization by Monoclonal 
Antibodies against Streptococcal Antigen I/II in the Prevention 
of Dental Caries”. Infection Immunology 50.3 (1985): 796-799.

15. Hiremath S S. “Textbook of Preventive and Community 
Dentistry”. (2nd edition) Elsevier 2011.

16. Jason M Tanzer., et al. “The Microbiology of Primary Dental 
Caries”. Journal of Dental Education 65.10 (2001): 1028-1037.

44

Citation: Sharma Yesh., et al. “Dental Caries Vaccine – A Change”. Acta Scientific Dental Sciences 2.10 (2018): 41-44.

https://www.ncbi.nlm.nih.gov/pubmed/816829
https://www.ncbi.nlm.nih.gov/pubmed/816829
https://www.ncbi.nlm.nih.gov/pubmed/8478086
https://www.ncbi.nlm.nih.gov/pubmed/8478086
https://www.ncbi.nlm.nih.gov/pubmed/8478086
https://www.ncbi.nlm.nih.gov/pubmed/8478086
https://www.ncbi.nlm.nih.gov/pubmed/8478086
https://www.ncbi.nlm.nih.gov/pubmed/11401956
https://www.ncbi.nlm.nih.gov/pubmed/11401956
https://www.ncbi.nlm.nih.gov/pubmed/11401956
https://www.ncbi.nlm.nih.gov/pubmed/11401956
https://www.ncbi.nlm.nih.gov/pubmed/11401956
https://iai.asm.org/content/60/12/5057
https://iai.asm.org/content/60/12/5057
https://iai.asm.org/content/60/12/5057
https://iai.asm.org/content/60/12/5057
https://iai.asm.org/content/60/12/5057
https://www.ncbi.nlm.nih.gov/pubmed/6461318
https://www.ncbi.nlm.nih.gov/pubmed/6461318
https://www.ncbi.nlm.nih.gov/pubmed/6461318
https://www.ncbi.nlm.nih.gov/pubmed/6461318
https://www.ncbi.nlm.nih.gov/pubmed/12823800
https://www.ncbi.nlm.nih.gov/pubmed/12823800
https://www.ncbi.nlm.nih.gov/pubmed/12823800
https://www.ncbi.nlm.nih.gov/pubmed/12823800
https://www.ncbi.nlm.nih.gov/pubmed/11820367
https://www.ncbi.nlm.nih.gov/pubmed/11820367
https://www.ncbi.nlm.nih.gov/pubmed/11820367
https://www.ncbi.nlm.nih.gov/pubmed/2117575
https://www.ncbi.nlm.nih.gov/pubmed/2117575
https://www.ncbi.nlm.nih.gov/pubmed/2117575
https://www.ncbi.nlm.nih.gov/pubmed/2117575
http://www.worldcat.org/title/immunology-of-oral-diseases/oclc/28426133
http://www.worldcat.org/title/immunology-of-oral-diseases/oclc/28426133
https://www.ncbi.nlm.nih.gov/pubmed/4066030
https://www.ncbi.nlm.nih.gov/pubmed/4066030
https://www.ncbi.nlm.nih.gov/pubmed/4066030
https://www.elsevier.com/books/textbook-of-preventive-and-community-dentistry/hiremath/978-81-312-2530-1
https://www.elsevier.com/books/textbook-of-preventive-and-community-dentistry/hiremath/978-81-312-2530-1
https://www.ncbi.nlm.nih.gov/pubmed/11699974
https://www.ncbi.nlm.nih.gov/pubmed/11699974

	_GoBack
	_GoBack
	_GoBack
	_GoBack

