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COVID-19 is reported as one of the most widespread diseases in the world. An extraordinary number of articles and manuscripts have focused on the inflammatory cascade and sequelae, showing the important roles of cytokines and renin-angiotensin levels and possible links to other pathologies. Nowadays, interest regarding the possible correlation between COVID-19 and periodontal and Peri-implant diseases is increasing. This mini-review aims to collect data regarding the possible correlation between COVID-19 and periodontitis or Peri-implantitis through the analysis of articles published in the last 3 years. The following keywords were used: ([periodontitis OR periodontal disease] AND [COVID-19]); ([Peri-implantitis OR mucositis] AND [COVID-19 OR Sars-CoV-2]). The inclusion criteria were studies on COVID-19 or SARS-CoV-2 and periodontitis or Peri-implantitis, and studies on the molecular and cellular aspect of COVID-19 in periodontal or Peri-implant tissues. The search revealed 484 articles in total (PubMed 208 and Scopus 276). After a screening of titles and abstracts, 47 articles were included in the full-text analysis. Two articles comprised the Peri-implant group: a short communication and a review. Regarding the periodontal group, 45 articles were selected and analyzed according to the type of study, population, and aim. Of these, 10 articles were clinical studies, and the other 35 were hypotheses, reviews, letters to the editor, or commentaries. In conclusion, according to the data extracted, a mutual correlation between COVID-19 and periodontitis can be stated; however, data linked to Peri-implantitis are still missing, and future clinical studies are still needed.
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INTRODUCTION

Periodontal and Peri-implant diseases and Coronavirus 2019 (COVID-19) are three pathologies with different onsets and origins [1–3]. Periodontitis and Peri-implantitis are inflammatory conditions linked to the presence of bacteria, biofilms, and other factors related to susceptibility and genetic inheritance [3–6]. On the other hand, COVID-19 is a viral disease related to a strong cytokine storm syndrome where patients are overwhelmed by multi-organ disease. The oral cavity and lungs are involved with the presence of heavy pneumonia, which can lead to death in many cases [7–10]. The effect of this pathology in the oral cavity has aroused increasing interest during the last 2 years. Several hypotheses, reviews, and case-series have been published attempting to correlate these three diseases where the inflammatory pattern is common [11–14]. According to a recent scoping review, no conclusion was possible due to missing clinical studies on this topic [15]. Nevertheless, the data collected focused on the role of angiotensin-converting enzyme-2 (ACE-2) in facilitating the entrance of SARS-CoV-2 into the organism and at the same time inducing activation of an inflammatory cascade as mentioned also in a hypothesis published by Mancini et al. in 2020 [15, 16]. This inflammatory pattern, as reported in a clinical study, might be accentuated in the presence of periodontitis [17]. According to Marouf et al. [17], periodontal patients have a high risk of complications from COVID-19. Furthermore, as reported in a case-control study by Anand et al. [18], COVID-19 patients are more susceptible to gingivitis, plaque accumulation, and bleeding. The link between Peri-implantitis and COVID-19 was a hypothesis already published 2 years ago according to Kadkhodazadeh et al. [19], where the inability to attend follow-up visits might make patients more susceptible to plaque accumulation and bleeding. Nevertheless, a real and concrete clinical correlation was not revealed. This review aimed to collect data and summarize possible correlations, hypotheses, and clinical reports regarding the links between periodontitis, Peri-implantitis, and COVID-19.



MATERIALS AND METHODS

A literature search was performed in two large electronic databases (PubMed and Scopus) with the following keywords ([periodontitis OR periodontal disease] AND [COVID-19]); ([Peri-implantitis OR mucositis] AND [COVID-19 OR Sars-CoV-2]). The last search was conducted on 31 October 2021.

The inclusion criteria were the following:

- Studies which tried to link COVID-19 and periodontitis or Peri-implantitis

- Studies on the molecular and cellular aspects of COVID-19 in periodontal or Peri-implant tissues.

Any type of study design was included in order to collect as much data as possible regarding this possible correlation.

The exclusion criteria were:

- Studies published in languages other than English

- Studies that did not assume a correlation.


Selection Process

The selection of studies for inclusion was conducted by two reviewers (LM and TP). After the removal of all duplicates, the remaining articles were selected and included according to a title and abstract check. In case of disagreement, a third reviewer (EM) was invited to check the article. In the end, a full-text analysis of the remaining manuscripts was performed. The agreement between the reviewers was scored according to Cohen's kappa evaluation.



Data Extraction

The data from the eligible articles were extracted and handled by three reviewers (TP, LAM, and RD). An Excel spreadsheet (Microsoft Corporation; Redmond, USA) was generated in order to collect data regarding the type and time of publications, the aim of the studies, population, mechanism of correlation, and possible bias reported in the articles. Before starting the extraction, a calibration between the reviewers was performed, reducing possible missing data. Thus, three articles were used for calibration and a fourth reviewer expert in the field of systematic reviews (LM) was in charge of checking the tables from each reviewer.




RESULTS

“Forty-seven” articles were included for data extraction, and the agreement between the readers was favorable (K = 0.94). Forty-five articles linked COVID-19 to periodontitis, while only 2 described the possible correlation between COVID-19 and Peri-implantitis. Figure 1 shows the flow chart of the review with all the screening phases.
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FIGURE 1. Flow chart for the inclusion and exclusion process.



Periodontitis and COVID-19

Most of the articles analyzed suggested the existence of a possible relationship between COVID-19 and periodontal disease. Three main mechanisms of action seemed to be more closely involved in this report.

• The presence of pathogenic bacteria in the oral cavity of periodontal patients may result in their aspiration and expose periodontal patients with COVID-19 to an increased risk of complications; [20–23].

• The inflammatory state that characterizes patients with periodontal disease, associated with the inflammation generated by COVID-19, can more easily induce aggravation of the disease status of patients and leads to complications associated with COVID-19 infection [15, 18, 23–30].

• Several articles refer to the possibility that patients with periodontal disease are more susceptible to COVID-19 infection because they already have over-expression of the ACE-2 receptor, implicated in the entry of SARS-CoV-2 in the host [16, 21, 23, 28, 31–41].


Hypotheses, Letters to the Editor, and Commentaries

“Twenty-four” articles were included showing the possible interactions between periodontitis and COVID-19, additional data are available in Supplementary Table 1:

• Receptors have an important role in SARS-CoV-2 entry and infection, and ACE-2 was considered by many articles as the main receptor in the oral cavity and other tissues such as the pancreas and salivary glands [16, 21, 31–33, 38, 41–45]. The cluster of differentiation 147 (CD147) is considered as another main coronavirus receptor [31, 42]. The presence, especially in salivary glands, of Transmembrane protease, serine 2 (TMPRSS2) has been depicted as an important factor that facilitates SARS-COV-2 entry [25, 43].

• Poor oral health conditions and pathologies, like periodontitis and oral cancer, could contribute to the aggravation of COVID-19 infection [45]. In contrast, improving oral health could reduce the incidence of SARS-CoV-2, as well as COVID-19 aggravation and mortality [13, 33].

• A role for cytokine release in the correlation between COVID-19 and periodontitis has been hypothesized in several articles. The pro-inflammatory storm can promote adhesion and infection in the respiratory tract after the aspiration of periodontal pathogens [13, 21]. In addition, it has been observed that the inflammatory response, and thus cytokine release, may aggravate COVID-19 conditions. Moreover, the cytokine storm released by COVID-19 is similar to the one released by periodontitis [24, 25, 29–31, 37, 46]. Lastly, high levels of interleukin 6 (IL-6) and interleukin 17 (Il-17) have been associated with concurrent COVID-19 and periodontal disease [29, 31].

• In patients with periodontal disease, there is an increased protease level that may aggravate and enhance COVID-19 infection [43]. Mainly, in the different articles, the following types of proteases were analyzed, and it was observed that a high level of furin [42, 43, 45], cathepsin B [43], cathepsin L [43, 45], and cathepsin G may increase the risk of COVID-19 complications [45].

• Some articles have focused on the role of diabetes in the association between COVID-19 and periodontitis. It has been observed that COVID-19 may lead to diabetes, salivary alteration, and subsequently, periodontal disease [41], but diabetes can also lead to periodontitis, and it may increase the risk of pneumonia and COVID-19 [33]. All these common factors may also explain better the reason why periodontal disease and COVID-19 share many risk factors [47].

• Neutrophil extracellular traps (NET) are increased and play a key role in COVID-19 and periodontitis [30, 32]. It has also been noted that a higher level of CD14+ and/or CD16+, due to periodontitis, could enhance COVID-19 aggravation [45].

• Galectin-3 and melatonin were molecules that seem to be directly linked to periodontal disease severity and COVID-19 infection [43, 44, 48].

• Also, cannabis has been taken into account, it could have both a positive and a negative effect on the periodontium and thus on the risk of COVID-19 infection, too [49].

• COVID-19 may lead to a higher risk of periodontal conditions, such as necrotizing periodontal disease (NPD) [50].

• Active metalloproteinase-8 (aMMP-8) may be found in patients with COVID-19 and periodontitis [51].



Reviews

From the screened reviews (Supplementary Table 2), the following main findings were extracted:

Poor oral hygiene, and the inhalation of periodontal bacteria may aggravate COVID-19 infection, and thus the improvement of oral health may reduce COVID-19 complications [20, 22, 23, 27].

Appropriate oral hygiene and mouth rinse use are mandatory to prevent the spread of COVID-19 [19, 20].

Inflammation, and thus increases in cytokines (such as IL1, IL6, IL8) typical of periodontitis, is the link with COVID-19; it may also aggravate the conditions of COVID-19 infection [23, 26, 28, 52].

Periodontal disease could aggravate the cytokine storm syndrome in COVID-19 patients, and according to Basso and Sukumar, the cytokine storm could be supported by a massive production of periodontal biofilm [15, 27].

Furthermore, according to Basso et al., periodontal bacteria increase the expression of ACE-2 [15]. Another clinical aspect was suggested by Casillas Santana et al., that uncontrolled hyperglycemia in diabetic patients could increase the expression of ACE-2, reducing the activity of MMP [36].

Crevicular fluid and periodontal pockets may act as a niche for SARS-CoV-2 [15, 35, 39].

COVID-19 may produce oral pain and desquamative gingivitis, and damaged oral mucosa is an open door for the virus [35, 52].

Periodontal treatment might decrease the viral load in the periodontal pocket and also the expression of Furin and Cathepsin L (which are responsible for viral infection), whereby, in accordance with Bertolini et al., we could consider periodontal treatment for the clinical management of COVID-19 patients [39].



Clinical Studies

A mutual correlation was underlined among a few of the included studies; periodontal patients are more susceptible to COVID-19 and thus a strict and detailed periodontal treatment plan needs to be assessed [17, 18, 53, 54]. According to Marouf et al., COVID-19 complications in periodontal patients with stages 2–4 were reported with an odds ratio (OR) of 6.34 (2.79–14.61) OR for the death of periodontal patients (stage 2–4), affected by COVID-19, was 17.5 (2.27–134.8). Periodontal parameters were monitored and compared in another study according to Anand et al. [18] and in a case-control study patients after COVID-19 showed an increase in each periodontal parameter as probing depth (PD) of 2.09 ± 0.48 (Mean ± SD) compared to the control group 1.48 ± 0.36. Bleeding on probing (BoP) was higher in the case group compared to the control, respectively, 0.62 ± 0.24 and 0.29 ± 0.20. Interesting data were published by Gupta et al. [54], showing that males seem to be more susceptible to COVID-19 than females. Nevertheless, according to the data from Gupta et al. [54, 55], the assessment of a direct correlation was not possible.

Moreover, according to two articles, it seems that there is a lack of evidence supporting the claim that periodontitis is linked to a higher risk of COVID-19 infection [53, 54]. i Interesting data were published in a longitudinal cohort study where periodontitis, obesity and COVID-19 were examined and obesity seems to have a more impact on hospitalization than periodontitis for COVID-19 patients [56].

Periodontal disease seems to be associated with a higher risk of COVID-19 complications, including intensive care unit (ICU) admission, assisted ventilation, death, and serum increase in markers of COVID-19 worsening, including D-dimer, white blood cells (WBC), and C-reactive protein (CRP) [17].

Diabetes and periodontitis increase the expression of ACE-2 where ACE-2, TMPRSS2, and FURIN (highly expressed in the epithelial cells of the oral mucosa) play a crucial role in COVID-19 invasion [34, 40, 57]. A detailed explanation of the studies was reported in Table 1.


Table 1. Clinical studies included in the review, data regarding type of study, population outcome, and details for the possible correlations are listed.
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Peri-Implantitis and COVID-19

Data regarding a possible link between COVID-19 and Peri-implantitis seem to be weak. Indeed, no clinical studies are present in the literature and according to the two included studies, there is not a clear and evident correlation between the diseases. According to Kadkhodazadeh et al., the global pandemic caused by COVID-19 may prevent patients from performing their regular Peri-implant and periodontal health maintenance thus the reinforcement of oral hygiene is recommended to maintain proper oral health during COVID-19 infection. [19]. In addition, we must keep in mind that the pandemic may cause psychological stress, and it may induce a worsening of periodontal or Peri-implant health [58, 59]. Furthermore, the new coronavirus has been found in the saliva of positive patients [60]. It is therefore recommended that dental procedures need to be performed in an extremely safe condition since several types of treatments may produce a large amount of aerosol and droplets mixed with the patient's saliva or even blood.

The use of hydrogen peroxide mouthwash before dental procedures and more conservative approaches (i.e., less invasive and time-consuming procedures such as manual scaling and root planing instead of ultrasonic devices) may be the suggested solutions to reduce viral spread [61, 62]. It is also important to follow infection-control protocols and personal protective measures [58].

According to Sorsa et al., the active metalloproteinase-8 point-of-care test (aMMP-8 POCT) provides a simple, Non-invasive, rapid, and real-time tool that may be used to identify the Peri-implant disease as a potential risk factor of COVID-19 [63]. The aMMP-8 levels above 20 ng/ml are indicative of active Peri-implant disease. A possible advantage of using this procedure could be the self-administration of the test and faster screening of patients. Nevertheless, future clinical studies are essential for validating this tool.




DISCUSSION

The results of this mini-review suggested the presence of several articles proposing a correlation between periodontitis or Peri-implantitis and COVID-19 (Figure 2); however, a large number of studies were predominantly hypotheses, commentaries, and simple reviews. Thus, clinical data linked to a mutual correlation between the three diseases was not truly stated. Nevertheless, 10 clinical studies were included, and through their analysis, it was possible to state a mutual correlation between COVID-19 and periodontitis. The clinical signs reported were predominantly periodontal parameters that were accentuated in the case of COVID-19 patients. As reported by Marouf et al., periodontal patients seem to have a greater probability of contracting COVID-19 [17]. The design of the clinical studies included might be a limitation due to the predominant presence of case-control and retrospective studies with a limited population. Anand et al. was the case-control study with the largest sample size of 196 patients and Larvin et al. with 13 000 patients included was the largest retrospective study [18, 56]. The molecules underlined in this review for a possible link between the diseases were predominantly ACE-2, cathepsin, Galectin-3, IL-17, NETs, and MMP-8. These molecules seem to have a crucial role in facilitating the entrance of the virus and at the same time influencing the onset and progression of the periodontal pathology. Nevertheless, scarce clinical evidence is still in the literature. Thus, a true statement regarding the molecules linked to the diseases was not feasible. Future clinical studies are needed to validate and confirm a stated correlation between the disease suggesting new therapies and protocols for treating periodontal patients affected by COVID-19 and at the same time reducing the possible exposure to the viral load and spread.


[image: Figure 2]
FIGURE 2. Representation of evidence regarding a possible correlation between Periodontitis/Peri-implantitis and COVID-19.




CONCLUSION

The evidence regarding a mutual correlation between COVID-19 and periodontitis might be inferred from an increase in the periodontal parameters and a higher susceptibility of periodontal patients to the viral load. Nevertheless, the molecular mechanism and the possible cellular interactions need to be clarified. On the other hand, a link between COVID-19 and Peri-implantitis has not been reported due to the lack of evidence and the absence of clinical studies on the subject.
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