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ABSTRACT: Vaccination is a process that induces specific immune resistance to a bacterial or viral
infectious disease. Vaccines have prevented several infectious diseases for many years, and are still
being investigated. Till date, no preventive modality exists for periodontal disease and treatment
rendered is palliative. The current treatment of periodontitis is non-specific and is centered on
removal of supra and sub gingival plaque debridement. Periodontal disease has been positively
related to life-threatening systemic diseases such as atherosclerosis and diabetes. The objective of
periodontal vaccine is to identify the antigens involved in the destructive process of periodontitis
against which antibodies would be evoked to exert protection.
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INTRODUCTION: Vaccination is induction of immunity by injecting a dead or attenuated form of a
pathogen.! Vaccination against bacterial/viral infectious diseases has progressed immensely
throughout the 20th century. Periodontal diseases are one such group of infectious bacterial diseases,
against which vaccine research is still going on. The complexities in the etiopathogenesis of the
periodontal diseases have been the prime obstacle in the hunt for vaccine. Till date, no preventive
modality exists for periodontal disease and treatment rendered is palliative.

Vaccination is the best-known and the most important application of immunological
principles to human health.2 The first vaccine was named after vaccinia, the cowpox virus. Jenner
pioneered its use 200 years ago.24 [t was the first deliberate scientific attempt to prevent an infectious
disease (small pox). Ever since the introduction of the smallpox vaccine by Edward Jenner in 1798,
antigens of pathogenic bacteria and viruses have been the targets for a variety of vaccines against a
number of infectious diseases.

Characteristics of an effective Vaccine:
e Safety.
e Protectivity.
e The ability to provide sustained protection.
e The ability to produce neutralizing antibodies.
e Stimulation of protective T-cells which provides cell mediated immunity.

Significance of periodontal vaccine Development:

e Chronic periodontitis is a poly microbial infection.

e Major cause of tooth loss worldwide.

e Periodontal disease contributes to the perpetuation of systemic R of critical importance
(atherosclerosis, diabetes mellitus, etc.).28
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Periodontal disease and systemic Illness-relationship: An elevated systemic level of
inflammatory mediators like C-reactive protein and fibrinogen?’ in severe periodontal disease which
may predispose to various conditions like myocardial infarction, cerebrovascular stroke, preterm low
birth weight infants in susceptible individuals.28

Indications for periodontal vaccine:3
e Severe periodontal disease with loss of bone around teeth.
¢ Inflammation and association with oral bacterial infection below gum line.
e Exacerbated diabetes and CVD.

Periodontal Pathogens: P. gingivalis, Tanerella forsythia, Treponema denticola (the RED COMPLEX)
and Aggregatibacter actinomycetem comitans have been consistently and strongly associated with
progression of disease, suggesting that these four bacterial species may be the major pathogens of
periodontitis in humans.*

Types of Vaccination®: Active Immunization: Here an individual immune system is stimulated by
administrating killed or live attenuated products derived from micro-organisms.

Passive Immunization: Here, the antibodies formed in one individual are transferred to another.

DNA Vaccination: Here, DNA plasmids encoding genes required for antibodies production are
transferred to an individual.

Active Immunization: Primary antigenic model for vaccine development- P. gingivalis.

Whole Cells: The entire cell with its components is inoculated into a host to bring about active
immunization.

Klausen 19916have shown that levels of serum antibodies to both whole cells and partially
purified fimbriae from P.gingival are were elevated in rats immunized with P. gingivalis cells.

Kesavalu 19927 observed protection against invasion, but no colonization against P. gingivalis
in a mouse chamber model by immunization with either killed heterologous invasive or non-invasive
P. gingivalis strains.

P. gingivalis, a gram-negative, non-spore/forming, non-motile, assacharolytic, obligate
anaerobic coccobacillus has emerged as the leading candidate pathogen in the development of
chronic periodontitis.8

The virulence factors of P. gingivalis which have been used as subunits for the development of active
immunization are:°

a) Outer membrane protein.

b) Gingipains.

c) Fimbriae and.

d) Heat shock protein.
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Outer membrane Protein: It was seen that transcutaneous injection of 40 kDa of outer membrane
protein (OMP) inhibits co aggregation of P. gingivalis with Streptococcus gordonii. This also can be
used for vaccine development for passive immunization. Polyclonal anti40 kDa OMP antibody
exhibited potentially protective, complement mediated bactericidal effect.10

Gingipains: These are cysteine proteinases which cleave synthetic and natural substrates after
arginine or lysine residues and are referred to as arginine gingipain (Rgp) and lysine gingipain (Kgp),
respectively.11-14

Rgp and Kgp are key determinants in the growth and virulence of P. gingivalis.15

Gibson et al, showed that immunization with Rgp A stimulates the production of
hemagglutinin domain specific antibodies which contribute to the prevention of P. gingivalis
mediated oral bone loss.11

Therefore, it is likely that virulence of P. gingivalis can be attenuated by inactivation of Rgp
and Kgp with proteinase inhibitors of antibodies specific to Rgp and Kgp. Therefore, Rgp and Kgp
may be useful as vaccine against periodontal diseases.

Gingipain vaccines are mainly DNA vaccines.!! DNA vaccines induce both humoral and
cellular immunity.1!

Fimbriae: Fimbriae from P. gingivalis are cell surface structure component that plays an important
role in adhesion to oral tissue and are highly immunogenic.26

Functions of fimbriae are the following:

(a) Adherence to host.

(b) Invasion of oral epithelial cells and fibroblasts.

(c) Modulation of inflammation by release of interleukin (IL), tumor necrosis factor (TNF).16

Currently, five P. gingivalis fimbrial types (I-V) have been described based on their
antigenicity. However, a vaccine based on one fimbrial type may be strain specific and hence
ineffective against other P. gingivalis strains of different fimbrial types.

GroEL heat shock Protein: Heat shock proteins have an important role in inflammatory mechanism,
autoimmune disease and atherosclerosis. Significant association between HSP90 concentration and
microbial colonization has been observed.25

Hemagglutinins: Hemagglutinin mediates bacterial attachment and penetration into the host cells,
as well as agglutinates and lyses erythrocytes to intake heme, an absolute requirement for growth.
Non-fimbrial adhesion hemagglutinin B (HagB) is a potential vaccine candidate. Development of this
monoclonal antibody may be useful for passive immunization as well as assessment of treatment for
periodontal disease caused by P. gingivalis infection.18

Passive immunization: Passive immunization is short lived because host does not respond to
immunization and protection lasts only as long as injected antibody persists. Antigens are injected
into vectors that produce antibodies. These antibodies when inoculated into host bring about passive
immunization.3
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Passive immunization can be brought about in two Ways:
1. Murine monoclonal antibodies.
2. Plantibodies.

Murine monoclonal Antibodies: In this, the antibodies are obtained by inoculating the antigens into
mice. These antigens are then injected into the host that brings about passive immunization.1?

Booth; 1996 developed a murine monoclonal antibody to P. gingivalis that prevented re
colonization of deep pockets by this pathogen in periodontitis patients.

Plantibodies: A very recent approach for vaccination strategies is molecular biological techniques to
express bacterial or viral antigens in plants, which could be used as orally administered vaccines.20

Ma; 2000, characterized a secretory IgG antibody against Streptococcus mutans produced in
transgenic plants.

Advantages:
a. Higher stability.
b. Higher degree of functionality.

Genetic Immunization: Gene therapy is insertion of genes into an individual cells and tissues to
treat a disease. The strategy involves genetic engineering or recombinant DNA technology.?!

There are two Types:
e Plasmid vaccines.
e Live, viral vector vaccines.

Plasmid Vaccines: DNA does not have ability to grow whereas plasmids have ability to grow. With
this ability of the plasmids, they are fused with DNA of a particular pathogen of interest and
inoculated in an animal for production of antibodies. This is then transferred to the host for
immunization.

Disadvantages: In some cases it may lead to oncogenesis.

Live, viral vector vaccines: Variety of infectious but non-disease causing DNA or RNA viruses
or bacteria has been engineered to express the proteins of a disease producing organism. The vector
enters the body cells where the proteins are generated and then induce humoral or cellular immune
responses.3

Methods of DNA Vaccine Administration:
1. Intranasal
2. Intramuscular.
3. Gene gun.
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Advantages of DNA Vaccines:
1. Ease of manipulation.
2. Stable by nature.
3. Simple.

Setbacks of periodontal Vaccine: Though periodontal vaccine is successful on animal models, it is
still a dream on humans as it has many limitations:

e Complexity and uncertainty of the different forms of periodontal diseases. So determination of
an antigen for the vaccine may pose as a major limitation.

e To accurately differentiate between primary colonizers and secondary invaders.

e The relative difficulty in growing and identifying many of the disease - associated
microorganisms and the variability of the plaque composition from one individual to the other
and between sites in the same individual.

e Difficulty in clinically detecting and quantitating active periodontal disease.

e The nonfatal nature of the disease.22

Moreover, animals differ qualitatively from humans, with respect to the oral microbial
ecosystem, the histological components of the periodontal lesions, the nature of immune responses
and control over immunoglobin class and subclass responses. So, results of animal studies may not be
directly generalized to humans. Most of the tested approaches afforded short-term protection thus
challenge exists in maintaining immune memory to prevent reinfection at a later date and also to
trigger T-cell dependent immune responses. Toxic reactions against vaccines based on killed bacteria
may occur.

Bacterial species Antigens Biologic Effects:
A. actinomycetemcomitans Leukotoxin Inhibition of PMN function.
T. forsythia Heat-sensitive surface protein arresting of lymphocyte cell cycle.
T. denticola Inhibition of superoxide production Decreased bacterial killing.

The above said antigenic targets of respective bacterial species involved in triggering immune
response are potential candidates in the production of vaccine.2®

CONCLUSION: Vaccination may be an important adjunctive therapy to mechanical debridement in
near future. As periodontitis significantly increases the risk for potentially fatal diseases such as
coronary heart disease, stroke and complications from diabetes mellitus, a successful vaccine for
periodontitis could have health benefits far exceeding the prevention of periodontitis. This poly
microbial infection needs further research and clinical trials using combined proteomic genomic
immunologic strategy to generate multispecies periodontal vaccine.
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