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Even though periodontitis is considered an infectious disease, there are a number of 
factors that distinguish it from other infectious diseases: it is not the result of infection 
with an individual pathogen, but rather the consequence of a modified microbial commu-
nity interaction with the host organism. Thus, periodontitis becomes a dysbiotic disease, 
which translates into alterations of certain pathogens concentrations or their influence in 
the subgingival biofilm that will trigger and maintain a periodontal inflammatory status 
[1]. 

The immune response of the host to dysbiosis phenomena is one of an inflammatory 
nature; in certain conditions, this response can become hyperinflammatory, further favor-
ing the dysbiotic status. In addition, the periodontal pocket, through the low oxygen con-
centration and the protection of the gingival soft wall [2], creates an extremely favorable 
environment for the development of the subgingival biofilm. Moreover, a number of ge-
netic and environmental factors can mark the interaction between periodontal pathogens 
and the host, aggravating the inflammatory status and accelerating the destruction of per-
iodontal tissues. It is essential to correctly identify the component causes, in order to 
properly conduct preventive and curative measures. Even if microbial “invasion” was de-
tected in periodontal lesion biopsies, it is not certain that this process is evidence for in-
fection or for the role in periodontitis evolution [3]; moreover, it was demonstrated that 
putative pathogens can trigger inflammation without invading periodontal tissues [4]. 

Studies based on bacterial culture have shown that the composition of subgingival 
bacterial communities varies in different periodontal statuses—health, gingivitis and per-
iodontitis [5]. Of course, the development of investigative and laboratory technologies has 
facilitated the characterization of the oral microbiome with high taxonomic resolution, 
clearly demonstrating that there are unique microbial signatures for each mentioned state 
[6]. 

Porphyromonas gingivalis has been called a “keystone pathogen”, meaning “a key spe-
cies that supports and shapes a microbial community in ways that also promote the path-
ogenesis of the disease.” [7]; thus, according to this particular definition, P. gingivalis, even 
in low abundance, can orchestrate inflammatory disease by remodeling a normally be-
nign microbiota into a dysbiotic one [8]. Therefore, even in low concentrations, key path-
ogens can disrupt the host’s immune response, triggering destructive tissue phenomena. 
With the evolution of periodontitis, the concentration of these pathogens can increase, 
becoming dominant, accelerating the processes of synergy and dysbiosis [9]. The bacterial 
biofilm functions as a community, on the model of a “megalopolis”, where the survival 
and functionality of pathogens with increased virulence depend on other members of the 
community, just as the dominant species can influence the existence of other species, con-
tributing together to tissue homeostasis disruption. 

Metagenomic and metatranscriptome analyzes were performed in dynamics, at suc-
cessive visits, to characterize the bacterial profile and the signature of the molecular ac-
tivity associated with the progression of active periodontitis [10]. Sites were divided into 
active sites (periodontal clinical attachment loss greater than 2 mm from baseline) and 
inactive sites (differences in measurement of attachment loss less than 1 mm). The authors 

Citation: Sufaru, I.-G.; Martu, M.-A.; 

Solomon, S.M. Advances in  

Periodontal Pathogens.  

Microorganisms 2022, 10, 1439. 

https://doi.org/10.3390/ 

microorganisms10071439 

Received: 10 July 2022 

Accepted: 15 July 2022 

Published: 16 July 2022 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: © 2022 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Microorganisms 2022, 10, 1439 2 of 3 
 

 

reported that there were no significant changes in the bacterial community in the stable 
sites. At sites with active tissue loss, several Streptococcus spp. significantly dominated the 
microbial profile at baseline, while several bacteria of the genus Prevotella and Synergistetes 
were present at sites that showed disease progression at follow-up visits. Moreover, the 
authors observed that bacteria that are not conventionally associated with periodontal 
disease, such as the genus Streptococcus, Vellonella parvula and Pseudomonas fluorenscens, 
produced large amounts of virulence factors [10]. 

A consequence of these findings is the emergence of the term “nosoymbiocity”, 
which describes the collective pathogenic potential of the microbial community [11], in 
which the absolute dichotomous notions of “pathogen” and “commensal” lose their rele-
vance. A variety of factors can promote the transition from eubiosis to dysbiosis. Factors 
influencing the host’s immune-inflammatory response may alter the composition or meta-
transcriptional image of a polymicrobial community or the ability of certain bacteria to 
translocate to normally sterile sites [11,12]. 

It is already universally accepted that periodontal disease does not have a linear evo-
lution and, moreover, can be extremely heterogeneous from one individual to another or 
even during the life of the same individual, under the influence of environmental factors, 
aging, epigenetic phenomena or the appearance of certain pathological changes (cardio-
vascular disease, diabetes, etc.). Thus, the therapeutic challenge lies precisely in the correct 
identification of the factors that led to the appearance and evolution of periodontitis, in 
order to establish an appropriate multidisciplinary treatment that includes all potential 
factors. However, the microbial community remains an important component in the eti-
opathogenic picture of periodontitis and the understanding of microbial interactions in 
the biofilm in dynamics could generate new therapeutic principles. 

Even though scaling and root planning are the “gold standard” in periodontal ther-
apy, several discoveries have led to the use of various adjunct physical and/or chemical 
methods of periodontal treatment. However, therapeutic guidelines recommend caution 
in their use, either due to side effects that cannot be ignored (such as for antibiotics, 
bisphosphonates or anti-inflammatory drugs) or due to the scarcity of available data in 
the literature, insufficient to promote a stable and secure protocol. 

Recent findings on the interactions between the species that populate the supra- and 
sub-gingival biofilm, as well as the influence of dysbiosis and various local and systemic 
factors in the occurrence and evolution of periodontitis will be presented in this special 
issue. Moreover, future research on different forms of periodontal therapy will be pre-
sented by invited leading authors and our research group. 

Author Contributions: Conceptualization, I.-G.S. and S.M.S.; methodology, I.-G.S. and M.-A.M.; 
resources, I.-G.S. and M.-A.M.; writing—original draft preparation, I.-G.S. and M.-A.M.; writing—
review and editing, S.M.S.; visualization, I.-G.S.; supervision, S.M.S.; project administration, I.-G.S. 
and S.M.S. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Zhang, S.; Yu, N.; Arce, R.M. Periodontal inflammation: Integrating genes and dysbiosis. Periodontol. 2000 2020, 82, 129–142. 
2. Tanaka, M.; Hanioka, T.; Takaya, K.; Shizukuishi, S. Association of oxygen tension in human periodontal pockets with gingival 

inflammation. J. Periodontol. 1998, 69, 1127–1130. 
3. Lopez, R.; Hujoel, P.; Belibasakis, G.N. On putative periodontal pathogens: An epidemiological perspective. Virulence 2015, 6, 

249–257. 
4. Hajishengallis, G.; Moutsopoulos, N.M. Etiology of leukocyte adhesion deficiency-associated periodontitis revisited: Not a rag-

ing infection but a raging inflammatory response. Expert. Rev. Clin. Immunol. 2014, 10, 973–975. 
5. Moore, W.E.; Moore, L.V. The bacteria of periodontal diseases. Periodontol. 2000 1994, 5, 66–77. 
6. Abusleme, L.; Hoare, A.; Hong, B.-Y.; Diaz, P.I. Microbial signatures of health, gingivitis, and periodontitis. Periodontol. 2000 

2021, 86, 57–78. 



Microorganisms 2022, 10, 1439 3 of 3 
 

 

7. Hajishengallis, G.; Liang, S.; Payne, M.A.; Hashim, A.; Jotwani, R.; Eskan, M.A.; McIntosh, M.L.; Alsam, A.; Kirkwood, K.L.; 
Lambris, J.D; et al. Low-abundance biofilm species orchestrates inflammatory periodontal disease through the commensal mi-
crobiota and complement. Cell Host Microbe 2011, 10, 497–506. 

8. Hajishengallis, G.; Darveau, R.P.; Curtis, M.A. The keystone pathogen hypothesis. Nat. Rev. Microbiol. 2012, 10, 717–725. 
9. Hajishengallis, G.; Lamont, R.J. Beyond the red complex and into more complexity: The polymicrobial synergy and dysbiosis 

(PSD) model of periodontal disease etiology. Mol. Oral Microbiol. 2012, 27, 409–419. 
10. Yost, S.; Duran-Pinedo, A.E.; Teles, R.; Krishnan, K.; Frias-Lopez, J. Functional signatures of oral dysbiosis during periodontitis 

progression revealed by microbial metatranscriptome analysis. Genome Med. 2015, 7, 27. 
11. Hajishengallis, G.; Lamont, R.J. Polymicrobial communities in periodontal disease: Their quasi-organismal nature and dialogue 

with the host. Periodontol. 2000 2021, 86, 210–230. 
12. Belkaid, Y.; Harrison, O.J. Homeostatic immunity and the microbiota. Immunity 2017, 46, 562–576. 


