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Abstract 

The global COVID-19 outbreak has caused a public health emergency crisis, as declared by the World Health 
Organization in January 2020. Periodontitis is associated with increased risk for respiratory condition; hence there is 
biological plausibility for a link between periodontitis, elevated pro-inflammatory cytokines levels and COVID-19-
related pulmonary problems. The mechanism could be similar to what has been proposed and established for the 
progression of COPD in Periodontitis patients. Periodontal pockets have also been found to harbour viral species. The 
periodontal pockets could provide a favourable environment for SARS–CoV-2 virus replication and survival. 
ACE2 is a primary receptor for SARS-CoV-2 infections. The oral cavity and lungs are primary targets for SARS-CoV-2 
virus. The evidences suggest that the regulation of the inflammatory pattern by ACE2 might also be connected to the 
response in periodontal disease. ACE2 can regulate the pro-inflammatory and anti-inflammatory processes, balancing 
cytokine expression. Cytokine storm has been found to be a key feature of COVID-19, where the cytokine levels are very 
high, inducing an exaggerated general inflammation. The same cytokines are involved in periodontal disease, but they 
have a different initiation path related to biofilm and bacteria. During a SARS-CoV-2 co-infection, the periodontal disease 
might be exacerbated due to the down-regulation of ACE2 and an increase in ACE and Ang II, with the consequent 
involvement of several pro-inflammatory cytokines. Treating any existing periodontal disease and maintaining good 
periodontal health could prove vital in clinical management of COVID-positive patients.  
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1. Introduction

The global COVID-19 outbreak has caused a public health emergency crisis, as declared by the World Health 
Organization in January 2020 [1]. While up to 80% of patients infected by SARSCoV-2 recover after mild cold-like 
symptoms with no major complications, 20% can develop serious respiratory complications that can develop into acute 
respiratory distress syndrome due to the virus’ ability to infect human respiratory epithelial cells. Around 5% of COVID-
19 patients require intensive care and mechanical ventilation [2]. 

WHO in its interim guidelines mentioned that while COVID-19 has a viral origin, it is suspected that in severe forms of 
the infection, bacteria plays a part, increasing the chance of complications such as pneumonia, acute respiratory distress 
syndrome, sepsis, septic shock and death [3]. Previous studies have linked Periodontitis, a bacterial infection, to various 
systemic conditions including the respiratory conditions. Individuals with periodontitis have shown increased risk for 
complications and higher mortality rate in hospitalized patients. Bacteria present in the metagenome of patients 
severely infected with COVID-19 included high reads for Prevotella, Staphylococcus, and Fusobacterium, all usually 
commensal organisms of the mouth and are known Periodontal pathogen [4]. There can be a significant impact of a 
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potential connection between periodontal status and Covid-19 given the high prevalence of periodontal disease in 
adults, the high transmission rate of SARS-CoV-2 and the limited access to periodontal treatment during the pandemic. 
The aim of the present review is to provide a comprehensive insight into the influence of periodontitis on respiratory 
health, potential role of periodontal pockets as a reservoir for the virus, role of ACE 2 in inflammatory response, the 
mechanism of action of key inflammatory cytokines and a possible link between periodontitis and covid-19. 

2. Influence of periodontitis on respiratory health 

The Subgingival micribiota in patients with Periodontitis provides a significant and persistent gram negative bacterial 
challenge to the host. By genomic sequencing, researchers have identified hundreds of microbial species. Haffajee and 
Socransky estimated the subgingival biofilms to accommodate more than 700 microbial colonies [5]. 

In advanced Periodontitis, there is an excessive local inflammatory response to the bacterial stimuli. The disease process 
involves the loss of epithelial integrity in the periodontal pocket that is, the sulcular epithelium which is frequently 
ulcerated and discontinuous. The local inflammatory response to the bacterial stimuli and the loss of epithelial integrity 
in the periodontal pocket allows for penetration of bacteria and their products such as Lippolysaccharides into the 
inflamed tissues and into the systemic circulation [6]. Hence, patients with untreated Periodontitis have an increased 
risk for transient bacteraemias. Bacteraemia and associated endotoxemia incite the overproduction of destructive 
proinflammatory mediators at distant sites in the periodontal patient.  

Therefore, patients with Periodontitis may be at greater risk for developing a number of systemic conditions associated 
with a similar overactive host response to external stimuli, such as cardiovascular disease, adverse pregnancy outcomes 
and diabetic complications. Elevated levels of cytokines, prostanoids and enzymes are evident in all these conditions.  

A relationship between poor periodontal health and respiratory disease, especially in high risk subjects, has been 
suggested by a number of recent microbiologic and epidemiologic studies. Several reports suggested that potential 
respiratory pathogens, which cause COPD, colonize the mouth of high risk subjects; for example, those in intensive care 
unit [7], and nursing home residents [8]. Significantly, results from preliminary trials demonstrated that alteration to 
oral hygiene significantly reduces the rate of lower respiratory tract infection in institutionalized subjects. These studies 
suggest that mouth may serve as an important reservoir of lower respiratory tract infection. Studies [9,10] have also 
suggested an association between poor oral health and COPD, after controlling for other confounding variables such as 
smoking, gender, age and sex. 

A number of mechanisms by which poor oral health may influence the course of COPD can be envisioned. The most 
direct means by which the oral cavity may influence the lung disease is by aspiration of indigenous oral bacteria in 
salivary secretions to the lower respiratory tract. Indeed, it is well known that anaerobic lung infections occur following 
aspiration of salivary secretions, especially in patients with periodontal disease [11, 12]. Recently, it has been 
hypothesized that the oral cavity may also influence the oral-pharyngeal colonization by recognized pathogens, 
especially in high-risk patients with poor oral hygiene. Oral bacteria may stimulate periodontal tissues (epithelial cells, 
endothelial cells, fibroblasts, macrophages, white cells, peripheral mononuclear cells) to release cytokines such as IL-
1, IL-1, IL-6, IL-8 and TNF- [13]. A mechanism proposed for the gross airway epithelial damage observed in COPD 
involves cytokines which recruit neutrophils to infiltrate airway parenchyma and to release proteolytic enzymes and 
toxic oxygen radicals [14]. The release of cytokines from the respiratory epithelium is followed by binding of respiratory 
pathogens or their products to the respiratory epithelial cells. Oral bacteria in the secretions that adhere to the mucosal 
surface may bind to mucosal epithelium to stimulate cytokine production. It is also possible that cytokines originating 
from the oral tissues, for example from the gingival crevicular fluids [14], enters the whole saliva, which then 
contaminates distal respiratory epithelium. The release of hydrolytic enzymes from these inflammatory cells may result 
in damage of the epithelium, making it more susceptible to infection by respiratory pathogens.                 

There is strong evidence that periodontitis is associated with increased risk for respiratory conditions, such as chronic 
obstructive pulmonary disease (COPD), pneumonia and lung function, hence there is biological plausibility for a link 
between periodontitis, elevated pro-inflammatory cytokines levels and COVID-19-related pulmonary problems. The 
mechanism could be similar to what has been proposed and established for the progression of COPD in Periodontitis 
patients.  
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3. Periodontal pockets as reservoir for virus 

Periodontal pockets have also been found to harbour viral species such as the herpes simplex virus type 1 [15], Epstein-
Barr Virus, Human Cytomegalovirus [16] and human papilloma virus [17]. DNA sequencing study of subgingival plaque 
collected from healthy and periodontal disease patients showed that even though bacteria were the most abundant 
component of the subgingival plaque, with over 95% of the reads, viruses were also present in these complex 
communities associated with bacterial biofilm complexes [18]. Possible sources of initial viral infection of periodontal 
tissues infection could be as follow: a direct infection of gingival epithelial cells exposed to the oral cavity, virus 
migration through the blood stream or infected immune cells in the periodontal inflammatory infiltrate [19]. 

The hypothesis that periodontal pockets could be a favourable environment for SARS–CoV-2 virus replication and 
survival was explored by Badran et al [20]. These hypothetical niches could act as reservoirs for SARS-CoV-2, whether 
in an active or latent state. This might be the answer to the re-infection or increasing number of false negative cases 
being reported as periodontal pockets may act as niches where virus may be harbouring other than the 
nasopharyngeal/oropharyngeal tracts, where samplings are targeted.  

The continuous inflammatory response present in affected sites of periodontal disease could bring mononuclear cells 
infected by SARS-CoV-2 [21]. Thus, it is reasonable to think that the crevicular fluid on the periodontal pocket could 
harbour virus arriving from infected mononuclear cells and further mix with patient’s saliva. 

In order to tackle the COVID-19 pandemic efficiently, it is crucial to reduce the spread of the infection by not only 
carrying out extraordinary prevention and safety measures, but also identifying possible virus reservoirs in COVID-
positive patients. 

4. Angiotensin converting enzyme 2 

The renin-angiotensin system (RAS) regulates or modulates numerous physiological functions including blood 
pressure, electrolyte balance, inflammation and the release of various peptide hormones. Prorenin is converted to renin; 
releasing renin into the circulatory system, thereby cleaving AGT forming angiotensin I (1–10) (Ang I). Ang I can be 
cleaved by angiotensin I-converting enzyme (ACE) to form angiotensin II (1–8) (Ang II) or by angiotensin I-converting 
enzyme 2 (ACE-2) to form angiotensin 1–9 (Ang 1–9). ACE-2 also catalyses the cleavage of Ang II to form angiotensin 
1–7 (Ang 1–7). 

Ang II has a key role in the activation of functions and signalling pathways correlated with inflammation, fibrosis, and 
tissue injury, such as the generation of free radicals, activation of protein kinases and recruitment of inflammatory cells, 
and the synthesis and release of cytokines and chemokines [22,23]. ACE2 is a regulator of the RAS system, modulating 
the damaging actions of Ang II and AT1, decreasing the inflammatory response [22]. ACE and ACE2 are similar enzymes 
related to contrasting functions. 

ACE2 is a primary receptor for SARS-CoV-2 infections. Data from COVID-19 patients have shown an increase in Ang II 
levels, which was correlated with viral load due to the binding between ACE2 and SARS-CoV-2 [24]. In vivo data on mice 
infected by SARS-CoV-2 revealed lung failure related to the downregulation of ACE2 [25].  An ACE2–SARS-COV-2 
connection could potentially result in reduced ACE2 levels at the cell surface, decreasing the degradation of Ang II, and 
generating Ang1–7 [26-28].  A reduction in ACE2 through its internalization increases the Ang II/Ang1–7 ratio thereby 
exacerbating the inflammatory pattern of the SARS-CoV-2 infection. Ang II favours the recruitment of infiltrating 
inflammatory cells into tissues by stimulating the production of specific cytokines/chemokines such as the potent 
monocyte chemoattractant protein 1 (MCP-1). Other cytokines involved in the onset and progression of the viral 
inflammatory condition are tumour necrosis factor alpha (TNF-α), interleukin-6 (IL-6), and interleukin-1 beta (IL-1β), 
inducing apoptosis of endothelial cells and the activation of macrophages in the inflamed tissue or organ. During a SARS-
CoV-2 infection, Ang II is inefficiently counterbalanced by Ang1–7. The oral cavity and lungs are primary targets for 
SARS-CoV-2 virus. The oral mucosa and the epithelial cells of the lungs are involved in entrance of the virus, facilitating 
its replication and inducing an inflammatory response [29].  

The initiation or progression of periodontitis also possibly involves a local renin-angiotensin system (RAS) in 
periodontal tissue. Some studies have demonstrated the existence of local RAS components in oral tissue using cultured 
guinea pig [30] and rabbit gingival [31] fibroblasts and ferret gingiva [32]. In a landmark study, Santos et al. (2009) [33] 
demonstrated that a local RAS system is not only present but is also functional in both human and  rat periodontal tissue. 
Furthermore, they also showed that blocking AT1R and renin can significantly prevent periodontal bone loss induced 
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by EP in rats. Apart from confirming  the presence of mRNA for the classic RAS components in both human and rat 
gingiva , the study demonstrated mRNA expression for angiotensin converting enzyme 2 (ACE-2) and the Mas receptor 
(MasR). Additionally, ACE activity was also reported to be increased in human gingiva from volunteers with gingivitis. 
Gabriele et.al (2017) suggested that Angiotensin II Type 1 Receptor knockdown and AT1R pharmacologic blockade by 
losartan may differently control balance of inflammatory cytokines, such as IL-6 and IL-8, in primary human periodontal 
fibroblasts [34]. The evidences suggest that the regulation of the inflammatory pattern by ACE2 might be connected to 
the response in periodontal disease.  

5. Role of ACE 2 in inflammatory response and as a link between periodontitis and covid-19 

Bacteria are involved in facilitating the initiation of an inflammatory response inside the periodontal pocket. ACE2 can 
regulate the pro-inflammatory and anti-inflammatory processes, balancing cytokine expression through the formation 
of the ACE2–Ang1–7–MasR axis, which has a primary role in the downregulation of the pro-inflammatory cytokines. 
Cytokine storm has been found to be a key feature of COVID-19, where the cytokine levels are very high, inducing an 
exaggerated general inflammation [35]. High IL-6 levels have been linked to significantly higher risk for pulmonary 
complications and increased need for mechanical ventilation in COVID-19 patients.  

The same cytokines are involved in periodontal disease, but they have a different initiation path related to biofilm and 
bacteria. During a SARS-CoV-2 co-infection, the periodontal disease might be exacerbated due to the down-regulation 
of ACE2 and an increase in ACE and Ang II, with the consequent involvement of several pro-inflammatory cytokines 
such as IL-6, TNF-α, IL-1β, and others. Based upon the increased expression of IL-1, IL-6 and TNF in inflamed gingiva 
and high levels in the GCF of periodontitis patients, several studies have suggested that increased production of these 
cytokines may play an important role in periodontal tissue destruction.   

6. Regulation of Bone Remodeling 

There are 2 molecules considered essential and sufficient to support osteoclastogenesis: macrophage colony-
stimulating factor (M-CSF or CSF- I) and receptor activator of nuclear factor kappa B ligand (RANKL). M-CSF is a secreted 
factor but the cell surface form of RANKL requires a juxtacrine (cell to cell) interaction. 

The process of bone resorption is initiated with a resorptive stimulus. Osteotrophic factors such as hormones (vitamin 
D3, parathyroid hormone-related protein), cytokines (interleukin-1, interleukin-6, interleukin-11 and interleukin-17), 
growth factors (tumor necrosis factor-α and bone morphogenetic protein-2) and other molecules [prostaglandin E2, 
the T-cell-activating CD40 ligand (CD40L), and glucocoticoid] all enhance expression of the RANKL gene in 
osteoblasts/stromal cells [36]. All these stimulators typically affect bone resorption through the activation of M-CSF or 
RANKL. RANKL is also known as osteoprotegerin-ligand, OPG-L, or TRANCE) is a cell surface protein present on 
osteoblastic cells and is responsible for osteoclast differentiation and bone resorption [37]. RANKL interacts with its 
receptor, RANK, on hematopoietic cells for differentiation and maturation of osteoclast precursor cells to activate 
osteoclasts. Osteoprotegerin acts as a decoy receptor, expressed by osteoblastic cells, which binds to RANKL and inhibits 
osteoclast development. Several studies have shown the opposite effect of RANKL and osteoprotegerin in bone 
modulation. Moreover, several stimulators of bone resorption that up-regulate RANKL expression inhibit 
osteoprotegerin expression in osteoblasts/stromal cells [36]. 

High levels of ACE2 can facilitate anti-inflammatory feedback, binding Ang1–7 and activating MasR. Higher levels of this 
protein can facilitate the entry of SARS-CoV-2 into the oral cavity [38]. The complex formed between the virus and ACE2 
proteins leads to a reduction in ACE2 levels in infected tissue [39], and this might increase the expression of cytokines, 
with the consequent activation of the osteoprotegerin (OPG)– the receptor for RANK-Ligand (RANK)–RANKL axis, 
stimulating osteoclast function and improving bone cell phenotype modulation as discussed earlier.  

The presence of ACE 2 in periodontitis as well as COVID-19 suggests a possible correlation between them. The up and 
down regulation of ACE-2 is responsible for activity of various enzymes that play a key role in pathogenesis of both the 
diseases. Further studies are required to firmly establish this hypothesis which may open new domains for the 
management of this global pandemic.   

7. Conclusion 

Treating any existing periodontal disease and maintaining good periodontal health could prove vital in clinical 
management of COVID-positive patients. This will not only help in reducing viral load in the periodontal pockets, but 
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would also prevent contribution to the cytokine storm from periodontitis. The relationship between COVID-19 and 
Periodontitis could even be bi-directional with both these conditions influencing the initiation and progression of each 
other. Given the similarity in the pathogenesis as evident by common mechanisms such as ACE2 activity, cytokine 
actions; it is prudent to further explore any such association that may prove beneficial in developing treatment 
strategies and thereby contributing to overall management of the patients. 

Given the high risk of exposure to the examiners, there is dearth of in vivo studies to validate this possible association 
which, at least in theory, looks plausible. As the understanding about this novel virus improves, more studies, 
particularly the clinical studies, will prove to be beneficial in not only understanding the possible link between these 
two diseases, but also to better manage the patients suffering for Covid-19. This might even help in identifying not only 
better treatment strategies but also help in identifying the individuals at risk for contracting severe form of covid-19 
disease.  
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