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INTRODUCTION 

Streptococcus mutans has been implicated as the 
principal etiological agent of dental caries in humans 
and animals (for reviews see references 21, 40). It has 
also been demonstrated that S. mutans colonizes 
humans during the first year of life soon after tooth 

eruption (64). The virulence of S. mutans is based on 
its ability to adhere to smooth surfaces and to 
synthesize soluble and insoluble extracellular glucans 
(from dietary sucrose), both properties which 
contribute to the formation of dental plaque. In 
addition it is capable of producing lactic acid 
responsible for the demineralization of tooth enamel. 

Although extensive research has been done on S. 
mutans during recent years, the exact process by 
which S. mutans elicits caries is not yet completely 
understood. 

In the mouth, S. mutans is continually exposed to 
whole saliva which contains non-specific (lactoferrin, 
peroxidase, lysozyme) and specific (immunoglobulins) 
factors derived from the salivary gland secretions 

(major and minor glands) and to a lesser extent from 
the gingival tissues and from the serum (5). The major 
immunoglobulin isotype in saliva is IgA, which 
represents a first line of response and defense against 
the natural immunological challenge represented by 
antigens present in the mouth. The salivary IgA, are 

predominantly synthesized in the salivary glands and 
have the typical polymeric form of secretory IgA (S 

IgA) (29). IgAl and IgA2 subclasses are found in 
similar proportions in whole saliva (12). On the other 
hand, salivary IgGs are produced by either local 
synthesis or by serum transudation through the 
gingival crevice (34). Cellular immunity seems to play 
a small role in healthy subjects without gingival 
inflammation (57). 

Although the correlation between salivary and 
serum IgA and IgG antibodies directed against S. 
mutans components and caries immunity is well- 
documented (40), the exact mechanism of immune 
protection against this disease is only partially 
understood. As only active immunization is able to 
enhance the host-specific response, attention has been 
predominantly directed toward the development of an 
active S. mutans vaccine. 

Immunization with whole S. mutans cells 

In the 1970's, different routes were used to 
actively immunize rodents, primates and humans with 
live or killed S. mutans cells. However, this was done 
without special attention to the route of immunization 
which is an important factor in eliciting an adequate 
immune response and immunological memory. The 
antibodies produced after immunization by either 
route can prevent the colonization of tooth surfaces 
and can result in protection against dental caries. 

The parenteral route has been successfully used 
in primates and elicited predominantly serum IgG and 
IgA antibodies to various S. mutans antigens, 
including cell wall proteins, serotype polysaccharides 1 
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and lipoteichoic acids (57). These antibodies migrated 
into the oral cavity via the gingival crevice and 
inhibited S. mutans colonization and subsequent 
caries formation (35). The protective effects of the 
antibodies directed against S. mutans components 
were confirmed by passive immunization of monkeys 
by the systemic route with these antibodies (39). 
Injection of killed S. mutans cells in Freund's 
incomplete adjuvant. into the salivary gland region of 
rats induced specific salivary IgA which were 
protective (65,41). However the use of such adjuvants 
seems to be associated with local inflammation. 

The oral route, in which S. mutans is swallowed, 
has been used in rats and predominantly elicits a 
salivary IgA response associated with caries immunity 
(46). 

Oral administration of low virulence mutans of S. 
mutans was also capable of inducing a protective IgA 
response against infection with virulent strains (45). 
Oral immunization of primates with S. mutans 
produced an increase in salivary IgA in some animals 
(8) but not in others (70). Even in the presence of 
increased levels of salivary IgA, no protection was 
found (8). A combination of both the oral and 
parenteral routes has also been tested in monkeys. 
Whole cells were administered first orally and then 
parenterally (and vice-versa as well), but no advantages 
were observed with either (36). Direct injection of S. 
mutans into the parotid glands of primates induced 
elevated levels of salivary IgA which did not, however, 
confer protection or change the incidence of caries (15). 

Oral immunization of humans with S. mutans has 
resulted in the induction of a salivary IgA response 
with (43, 26) or, without (18) diminution in the 
number of S. mutans in dental plaque. However, in all 
of these studies, significant levels of serum antibodies 
were detected that might have potential side effects. 
Even if immunization with whole S. mutans protects 
animals, their use may not be recommanded for 
humans. In fact, several reports have shown that 
rabbits (30, 67, 2), but not monkeys (4), immunized 
with S. mutans cells produced serum antibodies which 
cross reacted with human heart, kidney and muscle 
tissues. Furthermore, several components extracted 
from S. mutans itself appear to bind to heart and 
kidney tissues (63). The fact that S. mutans cells have 
been implicated in possible auto-immune reactions 
tends to limit the use of whole cells as a vaccine. 
Therefore, during the last years, two different 
approaches have emerged in the development of an 
effective vaccine. The first direction involved the 
administration of S. mutans antigens which gives rise 
to an effective and durable protection. The second 
appproach concerns the nature of S. mutans antigens 
implicated in the virulence of the bacteria and which 
are suitable for inducing a salivary response without 
any side effects. 

Local immune system 

Since parenteral immunization with S. mutans 

antigens is potentially associated with side effects, 
several investigators have attempted to use the oral 
route as an alternative. Thus, oral administration 
(intragastric intubation) or local gingival application 
could offer an effective and safe route for inducing 
salivary IgA antibodies protective against dental caries. 

Mestecky et al (44) have proposed two different 
means of stimulating a secretory IgA response in the 
oral cavity: (i) local antigen application, (ii) 
sensitization of the gut-associate lymphoid tissue 
(GALT), which forms the common mucosal immune 
system. Both local stimulation of major or minor 
salivary glands, via the secretory ducts of the oral 
mucosa, and local application to the gingiva with 
natural antigens induce salivary IgA responses (14, 5). 
On the other hand, Peyer's patches (PP) are a major 
source of precursor IgA-secreting plasma cells. 
Following sensitization of PP cells with antigens, 
precursor IgA cells migrate, via the blood, to distinct 
mucosal sites (i.e. salivary glands) where final 
differentiation into IgA-secreting plasma cells occurs. 
However, oral immunization may modulate the 

secretory as well as the systemic immune response. 
Induction of a salivary response after oral 
administration depends on the dose, the nature and 
the form of the antigens. Orally administered soluble 
antigens are very ineffective in inducing a secretory 
immune response and generally give rise to oral 
tolerance associated with a decrease in serum 
antibody level. Oral administration of insoluble 
antigens or soluble antigens associated with an 
insoluble carrier gives rise to a salivary IgA response. 
Thus, the requirement of adjuvant for enhancing the 
salivary IgA response has stimulated the search for 
suitable synthetic adjuvants such as muramyl 
dipeptide (MDP), liposomes, or MDP derivatives 
incorporated in liposomes (19, 49, 68). 

S. mutans 

S. mutans has been divided into 8 serotypes (a to 
h) based on the composition and the structure of the 
wall-associated carbohydrate antigens (6, 53, 3). 
However despite the genetic and phenotypic 
heterogeneity within the S. mutans species, 
Coykendall and Gustafson (10) indicate that there are 
now 6 distinct species in the "mutans group": S. 
mutans (c, e, f) S. sobrinus (d, g, h) S. rattus (b) S. 
cricetus (a) S. ferus (c) and S. macacae (c). The first two 
are the most commonly found streptococci in humans 
(10). 

The virulence of S. mutans is believed to be due 
in part to its ability to colonize tooth surfaces in both a 
sucrose-independent, and a sucrose-dependent 
manner (28). Salivary glycoproteins adsorbed onto the 
tooth enamel (pellicle) appear to play a major role in 
the initial sucrose-independent attachment of S. 
mutans (9). 

Recent data suggest the existence of nonspecific 
(20) and specific interactions (52, 11, 56) between 
salivary glycoproteins-and streptococcal cell-wall 
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components (lipoteichoic acids and proteins). The 
specific association is mediated by some S. mutans 
cell-wall proteins, such as protein I/II (Spa A) (11, 56) 
and 74KSR (1) which are the most prevalent proteins 
in S. mutans and S. sobrinus. This sucrose- 

independent adherence can be partially blocked by 
polyclonal or monoclonal antibodies (13, 51) directed 

against these proteins. This initial attachment of S. 
mutans is followed by a sucrose-dependent phase due 
to the synthesis of soluble and insoluble dextrans by 
glucosyltransferases (GTF) (28, 40) and to the 

presence on the cell surface of glucan-binding proteins 
(GBP) (58). Therefore, these proteins, as well as others 
with unknown functions, are potential candidates for a 
vaccine. However, the choice of an adequate protein 
antigen is complicated by the fact that some high 
molecular weight proteins seem to undergo a 
maturation process accompanied by the release of low 
molecular weight, immunologically related proteins 
(11). Furthermore, the expression of protein antigens 
varies among S. mutans strains (32). Thus, the salivary 
and serum antibodies may prevent colonization by 
neutralizing antigens that are involved in either 

sucrose-independent or sucrose-dependent 
adherence, by inhibiting dextran synthesis or by 
blocking the uptake and degradation of metabolites. 
Actually significant antibody titers in serum and saliva 
are present in most normal young children and adult 
humans and seem to be induced by natural 
immunization with S. mutans. Naturally occurring 
antibodies of IgG, IgA and IgM isotypes against 
protein I/II (42), GTF (60), a variety of extracellular 
and cellular proteins (54), and ribosomes (22), have 
been found in the sera of normal subjects. sIgA 
directed against protein /III (42), GTF (60) ribosomal 

preparation (22), serotype polysaccharide and 

lipoteichoic acids (23) has also been found in saliva 
from normal subjects, suggesting a natural stimulation 
of the common mucosal system with indigenous S. 
mutans. 

Immunization with S. mutans purified antigens 

Oral administration of S. mutans cell-wall 

preparation has been associated with an increase in 

salivary antibody titers and with effective immunity in 
rodents (48). 

In rats, local injection of ribosomal preparations 
of S. mutans into the parotid and submandibular 

salivary gland area resulted in significantly lower 
numbers of caries, lower numbers of S. mutans in 
dental plaque and high levels of specific IgA 
antibodies in saliva (24). Anti - S. mutans - ribosome 
antibodies have been shown to cross-react with 

representative strains from all S. mutans serotypes (27) 
and to inhibit sucrose-induced acid formation and 

growth of virulent strains by neutralizing the glucose 
phosphotransferase system (25). However, 
immunochemical studies of ribosome preparations 
revealed contamination with some cell-wall or 
membrane-associated proteins (27). 

GTF, which is a major product of S. mutans - 
associated pathogenicity, has been shown to be an 
effective antigen for elicitiig a salivary IgA and/or 
serum antibody response after systemic or oral 
immunization. of rodents (66, 61,. 62). GTF 
administration is also associated with some protection 
against caries caused by homologous or heterologus S. 
mutans serotypes. Oral administration of GTF 
incorporated into liposomes induced a higher salivary 
response and protection (47). Furthermore, the IgA 
response could be further enhanced incorporating 
MDP derivatives into the liposomes -together with 
GTF (47). In response to parenteral immunization of 
monkeys with GTF (38) serum antibodies have also 
been obtained which are associated with protection 
against caries and comparable to that obtained with 
whole cells. 

Parenteral immunization of primates with protein 
I/II; which plays an important role in sucrose- 
independent adherence of S. mutans, has been shown 
to be effective in conferring protection (38). Passive 
immunization of rhesus monkeys by local application 
of a mouse IgG monoclonal antibody to S. mutans 
cell-surface protein I/II resulted in decreased 
colonization of teeth by S. mutans and prevented the 
development of dental caries (33). Further, more 
effective protection has been obtained in primates 
after parenteral vaccination with protein A, another 
cell-wall protein whose function is unknown (59). 

Furthermore recent cloning of S. mutans GTF 
(55) and Spa A (31) gene facilitates the expression and 
purification of these proteins. 

Local immunization of monkeys with a low 
molecular weight antigen (3.8K) derived from S. 
mutans antigen I/II gives rise to an increase in salivary 
IgA and crevice IgG antibodies. This occurs without 
an- increase in serum antibodies, which are associated 
with a decreased number of S. mutans in dental 
plaque and protection against dental caries. Antigen 
3.8K seems to be more effective than protein I/II in 
inducing a protective immune response (37). 

A durable salivary IgA response has been 
obtained in rats immunized with liposome-associated 
74KSR (7). However it is not known whether 
antibodies to 74KSR have a protective effect against 
dental caries. 

Serotype polysaccharide seems to be an important 
antigen in caries protection, since animals immunized 
with whole S. mutans cells produced antibodies 
against this antigen (57). Furthermore' antibodies 
directed against serotype polysaccharide have been 
reported to inhibit GTF binding to S. mutans (50). 
Rats given purified serotype polysaccharide by gastric 
intubation exhibited little (47) or no salivary response 
(69) and caries protection (47). The response could be 
enhanced by using polysaccharides incorporated into 
liposomes with or without MDP derivatives (47, 69). 
The weak immunological response observed with 
purified S. mutans serotype polysaccharide might be 
explained by their thymic-independent quality which 
can be overcome by covalent conjugation to proteins. 
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Intragastric administration of a covalent conjugate 
obtained by coupling S. mutans serotype 
polysaccharide to 74KSR (69), in association ivith 
liposomes was able to induce a durable salivary 
response in rats (7). Both antipolysaccharide and anti- 
74KSR IgA were found in immunized animals, but the 
protective efficacy of these vaccines was not tested. 
Liposomes seem to be suitable adjuvants for 
enhancing the local immune response, and they have 
several advantages over classical adjuvants: they are 
non-toxic and are, themselves, immunogenic; they are 
able to entrap a variety of components; they protect 
the antigens during the passage through the gut; and 
finally, they render the antigen particulate. The recent 
development ofavirulent and immunogenic strains of 
Salmonella typhi, which carry antigenic determinants 
of other bacteria and which are able to migrate into 
the PP, may represent an alternative vaccine against S. 
mutans. Using DNA recombinant technology, Curtiss 
(11) constructed several avirulent strains of S. typhi 
possessing the ability to produce GTF and Spa A 
proteins encoded by the gtf and Spa gene from S. 
mutans. The oral use of such recombinant S. typhi 
strains in mice elicits a salivary IgA response against 
both Spa A and GTF (11) but the efficacy of this 
vaccine has not yet been tested. Thus, all the 
experiments performed in animals (principally 
rodents) have shown that oral administration of 
various types of S. mutans antigens can stimulate a 
protective antibody response in saliva and external 
secretions with little or no serum response. It is 
especially important to elicit a protective response 
without production of serum antibodies, which, 
in some cases, appear to react with mammalian tissue. 
Thus some S. mutans antigens, such as protein 
Spa A (17), but not others (27), appear to be cross- 
reactive with human heart tissue. It therefore is very 
important to screen S. mutans antigens for these 
properties. 

The use of monoclonal antibodies which 
recognize S. mutans antigens and which do not react 
with heart tissue may considerably help in the 
purification of S. mutans antigens that can be use as 
safe vaccines in human (16). Another important factor 
in the ability of IgA to protect the mucosal surfaces 
seems to be the distribution between the IgA1 and 
IgA2 isotypes regardless of their susceptibility to 
bacterial IgA1 protease. 

CONCLUSION 

The effectiveness of anti-S. mutans SIgA, 
synthesized after oral immunization, in the protection 
of animals against dental caries provides encouraging 
evidence for the development of an effective and safe 
vaccine for human use. However certain points 
remain to be clarified (i) the identification of the S. 
mutans antigens which are truly protective, common 
to the different S. mutans serotypes present in humans 

and devoid of any side effects in humans (cross- 
reactivity or adsorption to the tissues). Some of these 
problems may be resolved in the future by using 
monoclonal antibodies or gene cloning technology 
allowing the preparation of pure S. mutans protein 
antigens uncontaminated by other S. mutans proteins. 
(ii) Certain differences exist between common human 
mucosal systems and those of the currently 
used rodent model: caries develop very quickly (2 
months) in rats, and the salivary-induced SIgA 
response after oral immunization is sufficient to 
protect rats. However in humans (or primates) caries 
develop over longer periods (1-2 years). Since antibody 
levels in the saliva decrease rapidly in absence of 
stimulation, a continuous sensitization of the local 
system is needed. 

Therefore a better understanding of the 
regulation of the human common mucosal system is 
very important. The use of either oral non-toxic 
adjuvant, or avirulent recombinant bacterial strains, 
able to recognize the GALT, could help considerably 
in inducing a durable salivary response and caries 
immunity. 

REFERENCES 

1. Ackermans F., Klein J.P., Ogier J., Bazin H., Cormont F 
and Frank R.M. (1985): Purification and 
characterization of a saliva interacting cell surface 

protein from Streptococcus mutans serotype f using 
monoclonal antibody immunoaffinity chromatogra- 
phy. Biochem J., 228: 211-217. 

2. Ayakawa G. Y., Siegel J.L., Crowley P.T. and Bleiweis 
A.S. (1985): Immunochemical studies of Streptococcus 
mutans BHT cell membrane: detection of 
determinants cross reactive with human heart tissue. 
Infect. Immun., 48: 2880-2886 

3. Beighton D., Russell R.R.B. and Hayday H. (1981): The 
isolation and characterization of Streptococcus 
mutans serotype h from dental plaque of monkeys 
(Macaca fascicularis). J. of Gen. Microbiol., 124: 271- 
278. 

4. Bergmeier L.A. and Lehner T. (1983): Lack of antibody 
to human heart tissue in sera of rhesus monkeys 
immunized with Streptococcus mutans antigens and 

comparative study with rabbit antisera. Infect. 

Immun., 40: 1075-1082. 

5. Brandzaeg P. (1975): Immunoglobulin systems of oral 
mucosa and saliva. In A.E. Dolby (Ed),Oral mucosa 
in health and disease Blackwell Scientific 

Publications, Ltd Oxford. 123-213. 

6. Bratthall D. (1972): Demonstration of five serological 
groups of streptococcal strains resembling 
Streptococcus mutans. Odont. Revy, 21: 143-152. 

7. Bruyere T., Wachsmann D., Klein J.P., SchallerM. and 
Frank R.M. (1987): Local response in rat to liposome 

422 

This content downloaded from 128.235.251.160 on Fri, 16 Jan 2015 01:54:12 AM
All use subject to JSTOR Terms and Conditions



Vol. 4, 1988 Streptococcus muitans vaccines 

associated Streptococcus mutans polysaccharide- 
protein conjugate. Vaccine, 5: 39-42. 

8. Challacombe S.J. and Lehner T. (1979): Salivary 
antibody responses in rhesus monkeys immunized 
with Streptococcus mutans by the oral, submucosal or 
subcutaneous route. Arch. oral Biol., 24: 917-925. 

9. Clark W.B. and Gibbons R.J. (1977). Influence of 

salivary components and extracellular polysaccharide 
synthesis from sucrose on the attachment of 

Streptococcus mutans 6715 to hydroxyapatite surface. 
Infect. Immun., 18: 514-523. 

10. Coykendall A.L. and Gustafson K.B. (1986). 
Taxonomy of Streptococcus mutans. In: Molecular 

microbiology and immunobiolgy of Streptococcus 
mutans. Hamada S., Michalek S.M., Kiyono H., 
Menaker L. and McGhee J.R. (Eds). Elsevier Science 
Publishers Amsterdam, New-York, Oxford. 

11. Curtiss IIIR. (1986): Genetic analysis of Streptococcus 
mutans virulence and prospects for an anticaries 
vaccine. J. Dent. Res., 65: 1034-1045. 

12. Delacroix D.L., Dive C., Rambaud J.C. and Vaerman 

J.P. (1982): IgA subclasses in various secretions and 
in serum. Immunology, 47: 383-385. 

13. Douglas C. W.L and Russell R.R.B. (1985). Effect of 

specific antisera upon Streptococcus mutans 
adherence to saliva coated hydroxyapatite. FEMS 
Microbiol. Lett., 25: 211-214. 

14. Emmings F.G., Evans R.T. and Genco R.J. (1975): 
Antibody response in the parotid fluid and serum of 
irus monkeys (Macaca fascicularis) after local 
immunization with S. mutans. Infect. Immun., 12: 
281-292. 

15. Evans R.T., Emmings F.G. and Genco R.J. (1975): 
Prevention of Streptococcus mutans infection of tooth 
surfaces by salivary antibody in irus monkeys. Infect. 

Immun., 12: 293-302. 

16. Everhart D.L., Mallett C.P. and Doyle G. (1985): 
Dental caries vaccine: some problems solved. 
Microbial Sciences, 10: 312-313. 

17. Ferretti J.J., Shea C. and Humphrey M. W. (1980): 
Cross reactivity of Streptococcus mutans antigens and 
human heart tissue. Infect. Immun., 30: 69-73. 

18. Gahnberg L. and Krasse B. (1983): Salivary 
immunoglobulin A antibodies and recovery from 

challenge of Streptococcus mutans after oral 
administration of Streptococcus mutans vaccine in 
humans. Infect. Immun., 39: 514-519. 

19. Genco R.J., Linzer R. and Evans R.T. (1983): Effect of 

adjuvants on orally administered antigens. Ann. N.Y. 
Acad. Sci., 409: 650-667. 

20. Gibbons R.J. and Etherden I. (1983): Comparative 
hydrophobicities of oral bacteria and their adherence 
to salivary pellicles. Infect. Immun., 41: 1190-1196. 

21. Gibbons R.J. and Van Houte J. (1975): Dental caries. 
Ann. Rev. Med., 26: 121-136. 

22. Gregory R.L., Filler S.J., Michalek S.M. and McGhee 
J.R. (1986): Salivary immunoglobulin A and serum 

antibodies to Streptococcus mutans ribosomal 
preparations in dental caries free and caries 

susceptible human subjects. Infect. Immun., 51: 348- 
351. 

23. Gregory R.L., Michalek S.M., Filler S.J., Mestecky J. 
and McGhee J.R.'(1985): Prevention of Streptococcus 
mutans colonization by salivary IgA. J. Clin. 

Immunol., 5: 55-62. 

24. Gregory R.L., Michalek S.M., Shechmeister I.L. and 
McGhee J.R. (1983): Effective immunity to dental 
caries: protection of gnotobiotic rats by local 
immunization with a ribosomal preparation from 

Streptococcus mutans. Microbiol. Immunol., 27: 787- 
800. 

25. Gregory R.L., Michalek S.M., Shechmeister I.L. and 
McGhee J.R. (1984): Function of anti Streptococcus 
mutans antibodies: anti-ribosomal antibodies inhibit 
acid production, growth and glucose phospho- 
transferase activity. Infect. Immun., 45: 286-289. 

26. Gregory R.L., Sch6ller M., Filler S.J., Crago S.S., Prince 

S.J., Allansmith M.R., Michalek S.M., Mestecky J. and 
McGhee J.R. (1985). IgA.antibodies to oral and ocular 
bacteria in human external secretions. Prot. Biol. 

Fluids., 32: 53-56. 

27. Gregory R.L. and Shechmeister (1983): Analysis of cell 
wall and membrane contamination of ribosomal 

preparations from Streptococcus mutans. Infect. 
Immun. 39: 807-816. 

28. Hamada S. and Slade H.D. (1980): Biology, 
immunology and cariogenicity of Streptococcus 
mutans. Microbial Rev., 44: 331-384. 

29 Heremans J.F. (1974): Immunoglobulin A. In: The 

antigens (vol. 2) (Ed. Sela M.) Academic Press New 
York. 365-522. 

30. Hughes M., Mac Hardy S., Sheppard A. and Woods N. 

(1980): Evidence for an immunological relationship 
between Streptococcus mutans and human cardiac 
tissue. Infect. Immun., 27: 576-588. 

31. Holt R.C., Abiko Y., Saito S., Smorawinska M., 
Hansen J.B. and Curtiss R. III. (1982): Streptococcus 
mutans genes that code for extracellular proteins in 
Escherichia coli. K12. Infect. Immun., 38: 147-156. 

32. Knox K W., and Wicken A.J. (1985). Environmentally 
induced changes in the surface of oral streptococci 
and lactobacilli. In: Molecular basis of oral adhesion. 

(Eds Mergenhagen S.E., and Rosan B.). American 

Society for microbiology. Washington D.C. 

33. Lehner T., Caldwell J. and Smith R. (1985). Local 

passive immunization by monoclonal antibodies 
against streptococcal antigen I/II in the prevention of 
dental caries. Infect. Immun., 50: 796-799. 

423 

This content downloaded from 128.235.251.160 on Fri, 16 Jan 2015 01:54:12 AM
All use subject to JSTOR Terms and Conditions



Klein J.P., Scholler M. Eur. J. Epidemiol. 

34. Lehner T., Challacombe S.J., and Caldwell J. (1975): 
An immunological investigation into the prevention 
of caries in deciduous teeth of rhesus monkeys. 
Archs oral Biol., 20: 305-310. 

35. Lehner T., Challacombe S.J. and Caldwell J. (1975): 
Immunological and bacteriological basis for 
vaccination against dental caries in rhesus monkeys. 
Nature (London) 254: 517-520. 

36. Lehner T., Challacombe S.J. and Caldwell J. (1980): 
Oral immunization with Streptococcus mutans in 
rhesus monkeys and the development of immune 

response to dental caries. Immunology, 41: 857-864. 

37. Lehner T., Mehlert A. and Caldwell J. (1986): Local 
active gingival immunization by a 3,800 molecular 

weight streptococcal antigen in protection against 
dental caries. Infect. Immun., 52: 682-687. 

38. Lehner T., Russell M.W., Caldwell J. and Smith R. 

(1981): Immunization with purified protein antigens 
from Streptococcus mutans against dental caries in 
rhesus monkeys. Infect. Immun., 34: 407-415. 

39. Lehner T., Russell M.W., Challacombe S.J., Scully 
C.M. and Hawkers J. (1978): Passive immunization 
with serum and immunoglobulins against dental 
caries in rhesus monkeys. Lancet, i: 693-695. 

40. McGhee J.R. and Michalek S.M. (1981): 
Immunobiology of dental caries: microbial aspect 
and local immunity. Ann. Rev. Microbiol., 35: 595- 
638. 

41. McGhee J.R., Michalek S.M., Week J., Navia J.M., 
Rahmen A.FR. and Legler D.W. (1975): Effective 

immunity to dental caries: protection of gnotobiotic 
rats by local immunization with Streptococcus mutans 
J. Immunol., 114: 300-305. 

42. Mestecky J., Czerkinsky C., Brown T.A., Prince S.J., 
Michalek S.M., Russell M. W., Jackson S., Schiller M. 
and McGhee J.R. (1986): Human immune responses 
to Streptococcus mutans. In: Molecular microbiology 
and immunobiology of Streptococcus mutans (Eds. 
Hamada S., Michalek S.M., Kiyono H., Menaker L. 
and McGhee J.R.). Elsevier Science Publishers. 

Amsterdam, New-York, Oxford. 

43. Mestecky J., McGhee J.R., Arnold R.R., Michalek S.M., 
Prince S.J. and Babb J.L. (1978): Selective induction 
of an immune response in human external secretions 

by ingestion of bacterial antigens. J. Clin. Invest., 61: 
731-737. 

44. Mestecky J., McGhee J.R., MichalekS.M., Arnold R.R., 
Crago S.S. and Babb J.L. (1978): Concept of the local 
and common mucosal immune response. Adv. Exp. 
Med. Biol., 107: 185-196. 

45. Michalek S.M., McGhee J.R., Arnold R.R. and 

Mestecky J. (1978): Effective immunity to dental 
caries: selective induction of secretory immunity by 
oral administration of Streptococcus mutans. In 

Secretory immunity and infection (Eds. McGhee J.R. 

and Mestecky J.). Plenum Publishing corporation, 
city. 

46. Michalek S.M., McGhee J.R., Mestecky J., Arnold R.R. 
and Bozzo L. (1976): Ingestion of Streptococcus 
mutans induces secretory immunoglobulin A and 
caries immunity. Science, 192: 1238-1240. 

47. Michalek S.M., Morisaki I., Gregory R.L., Kimura S., 
Harmon C. C., Hamada S., Kotani S. and McGhee J.R. 
(1985): Oral adjuvants enhance salivary IgA response 
to purified Streptococcus mutans antigens. Prot. Biol. 

Fluids, 32: 47-52. 

48. Michalek S.M., Morisaki L, Harmon C.C., Hamada S. 
and McGhee J.R. (1983): Effective immunity to dental 
caries: gastric intubation of Streptococcus mutans 
whole cells or cell walls induces protective immunity 
in gnotobiotic rats. Infect. Immun., 39: 645-654. 

49. Morisaki I., Michalek S.M., Harmon C.C., Torii M., 
Hamada S. and McGhee J.R. (1983): Effective 

immunity to dental caries: enhancement of salivary 
anti Streptococcus mutans antibody response with oral 

adjuvants. Infect. Immun., 40: 577-591. 

50. Mukasa H. and Slade H.D. (1974): Mechanism of 
adherence of Streptococcus mutans to smooth surface. 

II. Nature of the binding site and the adsorption of 

dextran, levan synthetase enzymes on the cell wall 
surface of Streptococcus. Immun., 9: 419-429. 

51. Ogier J.A., Bruybre T., Ackermans F., Klein J.P. and 
Frank R.M. (1985): Specific inhibition of Streptococcus 
mutans interactions with saliva components by 
monoclonal antibodies binding to different epitopes 
on the 74K cell wall saliva receptor (74KSR). FEMS 
Microbiol. Lett., 30: 233-237. 

52. Ogier J.A., Klein J.P., Sommer P. and Frank R.M. 

(1984): Identification and preliminary 
characterization of saliva interacting antigens of 

Streptococcus mutans by immunoblotting, ligand 
blotting and immunoprecipitation. Infect. Immun., 
45: 107-112. 

53. Perch B., Kjems E. and Ravn T. (1975): Biochemical 

properties of Streptococcus mutans from various 
human and animal sources. Acta. Pathol. Microbiol. 

Scand., 82: 357-370. 

54. Pucci M.J., Tew J.G. and Macrina F.L. (1986): Human 
serum antibody response against Streptococcus 
mutans antigens. Infect. Immun., 51: 600-606. 

55. Robeson J.P., Barletta R.G. and Curtiss HI1 R. (1983): 
Expression of a Streptococcus mutans 

glucosyltrasferase gene in Escherichia coli. J. Bact., 
152: 211-221. 

56. Russell M. W. (1986): Protein antigens of Streptococcus 
mutans. In: Molecular microbiology and 

immunobiology of Streptococcus mutans (Eds. 
Hamada S., Michalek S.M., Kiyono H., Menaker L. 
and McGhee J.R.). Elsevier Science Publishers. 

Amsterdam, New-York, Oxford. 

424 

This content downloaded from 128.235.251.160 on Fri, 16 Jan 2015 01:54:12 AM
All use subject to JSTOR Terms and Conditions



Vol. 4, 1988 Streptococcus mutans vaccines 

57. Russell M. W. and Mestecky J. (1986): Potential for 

immunological intervention against dental caries. J. 
Biol. Buccale., 14: 159-175. 

58. Russell R.R.B. (1979): Glucan binding proteins of 

Streptococcus mutans serotype c. J. Gen. Microbiol., 
112: 117-201. 

59. Russell R.R.B., Beighton D. and Cohen B. (1982): 
Immunization of monkeys Macaca fascicularis with 

antigen purified from Streptococcus mutans. Brit. 
Dent. J., 152: 81-84. 

60. Smith D.J., Gahnberg L., Taubman M.A. and Ebersole 

J.L. (1986): Antibody to streptococcal antigens in 

young adults and children. In: Molecular 

microbiology and immunobiology of Streptococcus 
mutans (Eds. Hamada S., Michalek S., Kiyono H., 
Menaker L. and McGhee J.R.). Elsevier Science 
Publishers. Amsterdam, New-York, Oxford. 

61. Smith D.J., Taubman M.A., and Ebersole J.L. (1979): 
Effect of oral administration of glucosyltran- 
sferases antigen on experimental dental caries. 
Infect. Immun., 26: 82-89. 

62. Smith D.J., Taubman M.A., and Ebersole J.L. (1980): 
Local and systemic antibody response to oral 
administration of glucosyltransferase antigen 
complex. Infect. Immun., 28: 441-450. 

63. Stinson M. W., Barna P.K., Bergey E.J., Nisengard R.J., 
Neiders M.E. and Albini B. (1984): Binding of 

Streptococcus mutans antigens to heart and kidney 
basement membranes. Infect. Immun., 46: 145-151. 

64. Stiles H.M., Meyers R., Brunelle J.A. and Wittig A.B. 

(1976): Occurence of Streptococcus mutans and 

Streptococcus sanguis in the oral cavity and feces of 

young children. In: Proceedings: microbial aspect of 
dental caries (special supplement to microbiology 
abstracts, vol. 1), (Eds. Stiles H.M., Loesche W.J., 
O'Brien T.C.). Information retrieval, Washington 
D.C: 187-199. 

65. Taubman M.A., and Smith D.J. (1974): Effect of local 
immunization with Streptococcus mutans on 
induction of salivary immunoglobulin A antibody 
and experimental caries in rats. Infect. Immun., 9: 
1079-1091. 

66. Taubman M.A. and Smith D.J. (1977): Effect of local 
immunization with glucosyltransferases fractions 
from Streptococcus mutans on dental caries in rats and 

hamsters. J. Immunol., 118: 710-720. 

67. Van de Rijn I., Bleiweis A.S. and Zabriskie J.B. (1976): 
Antigens in Streptococcus mutans cross reactive with 
human heart muscle. J. Dent. Res., 55: 59-64. 

68. Wachsmann D., Klein J.P., Sch6ller M. and Frank 
R.M. (1985): Local and systemic immune response to 

orally administered liposome associated soluble S. 
mutans cell wall antigens. Immunology, 54: 189-194. 

69. Wachsmann D., Klein J.P., Sch6iller M., Ogier J.A., 
Ackermans F. and Frank R.M (1986): Serum and 

salivary antibody responses in rats orally immunized 
with Streptococcus mutans carbohydrate protein 
conjugate associated with liposomes. Infect. Immun., 
52: 408-413. 

70. WalkerJ. (1981): Antibody responses of monkeys oral 
and local immunization with Streptococcus mutans. 
Infect. Immun., 31: 61-70. 

425 

This content downloaded from 128.235.251.160 on Fri, 16 Jan 2015 01:54:12 AM
All use subject to JSTOR Terms and Conditions


