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Abstract 

The main etiologic factor of periodontitis is oral biofilm comprising of various microorganisms. Studies have shown that 

there is considerable potential for intervention with the host immune system. Periodontal vaccination is indicated in 

patients with severe periodontal disease with advanced bone loss. Immunization can be brought about by both whole 

bacterial cells or one or more of its antigenic components. However, complexity of periodontal pathogenic flora poses a 

complication in the determination of antigen for the vaccine. Numerous invitro studies and animal studies have proved 

beyond doubt the efficacy periodontal vaccination. The challenge we face today is the translation of similar results in 

humans.  
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Introduction 

Periodontitis and its Genesis 

Periodontitis is defined as ‘an inflammatory disease of 
the supporting tissues of teeth caused by specific 
microorganisms or group of microorganisms resulting in 
progressive destruction of the periodontal ligament and 
alveolar bone with pocket formation, recession or both 
[1]. 

 
The main etiologic factor of periodontitis is oral 

biofilm with anaerobic bacteria [2,3]. The biofilm is a 
dynamic entity comprising of various microorganisms [4]. 
These include bacteria of the red complex including 
Porphyromonas gingivalis, Treponema denticola and 
Tanerella forsythia [5] and others such as Aggregatibacter 
actinomycetemcomitans, Ekenella corrodens and 
Provotella intermedia [5]. Both human and animal studies 
have shown that there is considerable potential for 
intervention with the host immune system [6]. 

Vaccination and Immunization 

Vaccine is a material that induces an immunologically 
mediated resistance to a disease [6]. Vaccines are 
generally composed of killed or attenuated organism or 
subunits of organism or DNA encoding antigenic proteins 
of pathogens [3,7,8]. Louis Pasteur, who developed the 
first vaccine against rabies, established in 1881 the basic 
paradigm for vaccine development, which included the 
isolation, inactivation and injection of the causative 
microorganism. These basic principles have guided 
vaccine development during the twentieth century.  

 
Vaccination is the development of immunity or 

resistance to infection, after a secondary response that is 
adequate to consider the individual immune to a 
subsequent infection [9]. Vaccination is based on the 
principle of adaptive immunity. There are two key 
elements involved- specificity and memory. The antigen(s) 
of a vaccine induce clonal expansion in specific T- cells 
and/or B cells thus leaving behind a lineage of memory 
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cells. On subsequent encounter with the same antigen(s), 
a more rapid and effective immune response is generated 
by the host [4,8,10].  

 
Vaccines produced following Pasteur’s principles 

allowed the control and, in some cases, the eradication of 
many important infectious diseases. Despite several 
successes, the Pasteur’s approach to vaccine development 
took a long time to generate vaccines against those 
pathogens for which the solution was feasible, but failed 
to produce vaccines for those bacteria and parasites that 
do not have obvious immunodominant protective 
antigens or for as yet uncultivable microorganisms. 
 

Requisite of a Periodontal Vaccine 

The mouth and the nose are the principal portals of 
entry of infectious agents and allergens into the human 
body. Approximately two‑thirds of all the pathogens 
infect humans via these routes. The combined mucosal 
surfaces of the body comprise a considerable area of some 
400 m2 to which mouth contributes about 240 cm2, 
which must be protected from invasion by infectious 
agents and penetration by toxins and allergens. 
Periodontal vaccination is the need of the hour, as 
periodontal disease is a major cause of tooth loss 
worldwide [4]. Periodontal bacteria are capable of 
evading host immune responses and invading tissues [11]. 
These bacteria can enter systemic circulation-P. gingivalis 
can hide from the elements of local gingival immune 
system by invading epithelial cells and can escape into 

systemic circulation by invading endothelial cells. A. 
actinomycetemcomitans invades epithelial and 
endothelial cells, facilitating entry into circulation and 
offers a base from which it can seed into other tissues. 
Periodontal vaccination is imperative to decrease the 
incidence of periodontal related systemic diseases. 
Periodontal disease results in elevated systemic levels of 
inflammatory markers thus predisposing the individual to 
various conditions like myocardial infarction [12], 
cerebrovascular stroke [13,14] and preterm-low birth 
weight infants [15].  

 
A practical vaccine for humans must be absolutely safe. 

It should not elicit unwanted immune responses or any 
other danger to human health. The current approach has 
been aimed at developing synthetic peptide vaccines 
against viral infections. Since immunization against whole 
P. gingivalis cells inhibited the progression of 
periodontitis, vaccination could become an important 
immunotherapy to help prevent periodontal diseases. 
However, it is also possible to induce periodontal 
destruction by immunization; i.e., the immune system has 
the potential to induce destructive changes. The demand 
for a safer vaccine has led to the development of a 
component vaccine. In the development of a defined and 
specific component vaccine, it is essential, therefore, to 
identify the key virulence factors of the pathogen. The 
role of the outer membrane proteins in induction of a 
protective immune response has been studied extensively 
in various bacterial infections (Table 1). 

 
Bacteria Bacterial Component Effect on human tissues 

Porphyromonas gingivalis 
Proteases Degrades serum antibacterial components 
Capsule Inhibition of phagocytes 

A. actinomycetemcomitans Leukotoxin Toxic to host immune cells 
F. nucleatum Heat sensitive protein Apoptosis of PMNs 
T. forsythia Heat sensitive surface protein Arrests lymphocyte cell cycle 

Table 1: Effects of periodontal bacteria and their components on human tissues. 
 

History of Periodontal Vaccines 

In the early 20th century, three periodontal vaccines 
were employed [8,9,16] pure cultures of streptococcus 
and other organism, autogenous vaccines and stock 
vaccines eg. Vancott’s vaccine, Inava endocarp vaccine. 
 

Indications of Periodontal Vaccination 

Periodontal vaccination is indicated in patients with 
severe periodontal disease with loss of bone and teeth, 
inflammation and association with oral bacterial infection 

below gum line and in exacerbated diabetes and 
cardiovascular disease (Table 2). 
 

Characteristics of an Effective Vaccine  

a) Safety  
b) Protectivity  
c) The ability to provide sustained protection  
d) The ability to produce neutralizing antibodies  
e) Stimulation of protective T-cells which provides cell 

mediated immunity  
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Mechanism of Action 

1. Active Immunization 
 Whole bacterial cells 
 Subunit vaccines 
 Synthetic peptides as antigens 
b) Passive Immunization 
 Murine monoclonal antibodies 
 Plantibodies 
c) Genetic Immunization 
 Plasmid vaccines 
 Live, viral vector vaccines 
 
 Whole bacterial cells: The entire cell with its 

components is inoculated into a host to bring about 
active immunization. 

 Outer components: A part of bacterial cell is used for 
immunization either outer component or fimbriae is 
used. 

 Synthetic peptides: These require synthesis of linear 
and branched polymers of 3-10 amino acids based on 
known sequences of microbial antigens. They are 

weakly immunogenic by themselves and need to be 
coupled to large proteins to induce antibody response.  

 Murine monoclonal antibodies: obtained by 
inoculating antigens into mice. Then injected into the 
host. 

 Plantibodies: Molecular biological technique to 
express bacterial or viral antigens in plants which 
could be used as orally administered vaccines. 

 Plasmid vaccines: DNA doesn’t have the ability to 
grow whereas plasmids have the ability to grow 
because plasmids are fused with DNA of pathogens of 
interest and inoculated in animal for the production of 
antibodies. It is then transferred to the host for 
immunization. 

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

 
Author & Year Animal Used Vaccine Administered Results of Study 

Ebersole, et al. (1991) 
[17] 

Primate 
Whole cell antigen of P. gingivalis and 

P. intermedia 

Two fold increase in serum Ig G, Ig 
M and IgA antibody that was highly 

specific for these immunogens. 

Page R (2000) [18] 
Macaca 

fasicularis 
P. gingivalis and Bacteroids forsythus 

Produced active immunity but it 
wasn’t sustained 

Breivik T, et al. 
(2000) [19] 

Wistar rats 
SRL 172 (heat killed Mycobacterium 

vaccae) 

Significantly decreased loss of 
periodontal attachment fibers and 

bone 

Nakagawa, et al. 
(2003) [20] 

Rabbits Gingipains of P.gingivalis 
Antibodies significantly enhanced 
PMN mediated bacterial killing of 

four P.gingivalis stereotypes 

Tsurumi, et al. (2003) 
[21] 

Rabbits 
Outer membrane protein of 

P.gingivalis 

Antibodies reacted with P.gingivalis 
strains but not with other bacterial 

pathogens 
Roberts, et al. (2004) 

[22] 
Macaca 

fasicularis 
Formalin killed P.gingivalis Suppression of PGE2 levels 

Person G (2005) [23] 
Primate 
model 

P. gingivalis 
Decreased rate and severity of bone 

loss 
Takahashi et al 

(2007) [24] 
Mice Fimbriae of P.gingivalis and rCTB 

Significant release and serum Ig A 
levels 

Nakao R, et al. (2011) 
[25] 

Mice 
Outer membrane vesicles of 

P.gingivalis 
OMVs of P.gingivalis elicit specific 

humoral immune responses. 

Posch G, et al. (2013) 
[26] 

Invitro 
(human 

macrophages) 
Lipopolysaccharide from T. forsythia 

Production of pro-inflammatory 
cytokines IL-1, IL- 6, TNF- β in a 

dose dependent manner. 

Puth S, et al. (2019) 
[27] 

Invitro 

Divalent mucosal vaccine consisting 
of a mixture of FlaB-tFomA and 

Hgp44-FlaB fusion proteins targeting 
virulence factors of Fusobacterium 

Antisera inhibited F. nucleatum-
mediated biofilm formation, co-
aggregation of P. gingivalis and 

Treponema denticola, and P. 
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nucleatum and Porphyromonas 
gingivalis respectively. 

gingivalis-host cell interactions 

Huang N, et al. (2019) 
[28] 

Invitro 

P. gingivalis minor fimbriae protein 
(Mfa1), RgpA gingipain 

hemagglutinin domain 1 (HA1), and 
RgpA gingipain hemagglutinin 

domain 2 (HA2) 

Recombinantly generated P. 
gingivalis proteins possessed high 

fidelity to predicted size and 
elicited protein-specific IgG 

following immunization. 
Importantly, immunization with the 

vaccine cocktail protected from P. 
gingivalis elicited oral bone loss. 

Liu J, et al. (2019) 
[29] 

Invitro 
Outer membrane vesicles from F. 

nucleatum 

Of 98 proteins consistently 
identified from duplicate analyses, 
60 were predicted to localize to the 
outer membrane or periplasm via 

signal peptide driven translocation. 

Table 2: Vaccines. 
 

Limitations of Periodontal Vaccine 

Complexity of periodontal pathogenic flora poses a 
complication in the determination of antigen for the 
vaccine [10]. Maintaining antibodies long enough to 
generate an adequate immune response also presents an 
obstacle [9]. It should be taken into account that antigenic 
determinants in bacterial whole cells may possess high 
risk of cross reactivity with human counterparts [4]. 
Vaccines may be contaminated with unwanted proteins or 
viruses4. Patient may have hypersensitivity reaction to 
the proteins. Animal models for vaccine trials may pose 
inconsistencies with human models [4]. Practical 
considerations like cost effectiveness, biological stability 
and minimum side effects [8]. 
 

Recent Advances in the Sphere of 
Periodontal Vaccination 

Of late, distinct literature is coming forth that 
highlights the ongoing efforts to develop an effective, 
biocompatible and practical mode of periodontal 
vaccination. Based on the rationale that periodontal 
diseases are complex oral inflammatory diseases initiated 
by keystone bacteria, Huang, et al. [28] investigated cell-
free protein synthesis as a platform to produce vaccinable 
targets suitable for efficacy testing in a P. gingivalis-
induced murine oral bone loss model. They reported 
recombinantly generated P. gingivalis minor fimbriae 
protein, RgpA gingipain hemagglutinin domain 1, and 
RgpA gingipain hemagglutinin domain 2, possessed high 
fidelity to predicted size and elicited protein-specific IgG 
following immunization. Importantly, immunization with 
the vaccine cocktail protected from P. gingivalis elicited 
oral bone loss. 

Other contemporary research groups have also 
consistently reported the prevention of the development 
of periodontitis by aiming vaccination strategies 
specifically against the periopathogen P. gingialis and its 
components. O Brien Simpson, et al. [30] reported 
parenteral or intraoral administration of KAS2-A1-
specific polyclonal antibodies protected against the 
development of P. gingivalis-induced bone resorption. In 
another study, the efficacy of vaccination by recombinant 
and native RgpA in modulating the early local anti-
inflammatory and immune responses and periodontal 
bone loss were examined. Recombinant RgpA shifted the 
humoral response toward high IgG1 and low IgG2a titers, 
representing an in vivo anti-inflammatory response [31]. 
 

Periodontal Vaccine-What Does 
Tomorrow Hold? 

The foremost step in vaccine development is 
recognition of an antigenic element from numerous 
organisms that can provide immune protection. 
Cataloging of aforesaid antigen is made difficult by the 
fact that no single type or groups of types of 
periodontopathogens have been documented to cause 
human periodontitis. Numerous invitro studies and those 
undertaken in animal models have proved beyond doubt 
the efficacy of these vaccines. Translation of similar 
results in humans and their subsequent application in 
clinical scenarios is the daunting next step in the field of 
periodontal vaccination. 

 
In the last decade genomics has revolutionized vaccine 

research. Since the publication of the first complete 
genome sequence of a living microorganism, the rate of 
genomic discoveries has grown exponentially. New DNA 
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sequencing technologies are emerging everyday which 
have significantly advanced our understanding of the 
physiology and pathogenicity of many microbes. While 
genomic and genome-based technologies applied to viral, 
bacterial and parasite pathogens are important from a 
scientific perspective, they also have significant potential 
to aid in the development of novel diagnostics, 
therapeutics and vaccines.  

 
The new approach of the genomic era, to develop 

vaccines starting from the genomic information rather 
than growing the causative microorganism has expanded 
in order to include multi-representatives of the same 
species and this pan-genome approach has shown 
tremendous potential for making vaccines that once 
might have been impossible to design. 
 

Conclusion 

The current treatment of periodontitis is nonspecific 
and is centered on the removal of subgingival plaque by 
mechanical debridement. This ongoing therapy is costly, 
painful and has variable prognosis, in part due to poor 
compliance of the patients. The elucidation of the specific 
bacterial etiology of periodontitis suggests that the 
development of specific treatment modality to target site 
colonization or virulence of P. gingivalis, T. denticola, T. 
forsythia and A. actinomycetemcomitans is now a more 
rational approach to treat disease. The development of 
multispecies vaccine that is able to target all four prime 
bacterial species, which have been implicated in the 
development of periodontitis, may be more successful 
than a vaccine against a single species. 
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