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Abstract
Periodontitis is the inflammation of the supporting structures around the dentition. Several microbial agents, 
mostly bacteria, have been identified as causative factors for periodontal disease. On the other hand, oral cavity is a 
rich reservoir for viruses since it contains a wide variety of cell types that can be targeted by viruses. Traditionally, 
the focus of research about the oral flora has been on bacteria because the most widespread oral diseases, like 
periodontitis and dental caries, are outcomes of bacterial infection. However, recently and especially after the 
emergence of coronavirus disease 2019, there is a growing tendency toward including viruses also into the scope of 
oral microbiome investigations. The global high prevalence of periodontitis and viral infections may point out to a 
concomitant or synergistic effect between the two. Although the exact nature of the mechanism still is not clearly 
understood, this could be speculated through the manipulation of the immune system by viruses; hence facilitating 
the furthermore colonization of the oral tissues by bacteria. This review provides an extensive and detailed update 
on the role of the most common viruses including herpes family (herpes simplex, varicella-zoster, Epstein-Barr, 
cytomegalovirus), Human papillomaviruses, Human immunodeficiency virus and severe acute respiratory 
syndrome coronavirus 2 in the initiation, progression and prognosis of periodontitis.

Key Words: Virus; Periodontitis; Bacteria; Herpesvirus; Herpes simplex virus; Varicella-zoster virus; Epstein-Barr virus; 
Cytomegalovirus; Human papillomaviruses; SARS-CoV-2; Human immunodeficiency virus
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Core Tip: Periodontitis affects millions of people worldwide. It has been connected to several systemic inflammations and 
infections. Periodontitis is a complex and multifactorial disease. The main microorganisms involved in periodontitis are 
bacteria. However, viruses may have a contribution in the etio-pathogenesis of periodontitis also. In this article we 
extensively reviewed the role of some of the most common viruses in the initiation and progression of periodontitis.
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INTRODUCTION
Periodontitis which is an immune-inflammatory disease is characterized by the host's response to the presence of 
subgingival polymicrobial biofilms, eventually leading to clinical attachment loss of periodontium and alveolar bone 
degeneration. Gingivitis, or gum inflammation, usually does not cause any serious problems at first. If it spreads further 
the soft tissue and bone that firmly anchors the teeth, called the periodontium, could be harmed also. Inflammation of this 
periodontium is known as periodontitis in medicine[1]. Twenty percent of adults globally are thought to suffer from 
severe periodontal diseases, with over 1 billion incidences believed to exist[2].

Periodontitis has multiple contributing factors. One of the key components is a person's genetic susceptibility to the 
disease. Numerous bacteria have been identified in the field of microbiology. Porphyromonas gingivalis (P. gingivalis), 
Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans), and Treponema denticola (T. denticola) are among the most 
crucial bacteria that have been linked to the disease's onset and progression[3]. Subgingival calculus was revealed to be a 
local component connected with the beginning of the condition, and dental plaque was linked to its advancement. 
Therefore, the etio-pathogenesis of periodontitis involves a variety of bacteria, both beneficial and detrimental host 
immune responses, environmental variables that are modifiable and those that are not, as well as genetic and epigenetic 
factors[4,5].

Oral cavity, on the other hand, is a significant source of viruses since it has a diverse range of cell types that viruses can 
target. Because bacterial infections are the cause of the most common oral diseases, such as dental caries and period-
ontitis, research on the oral flora has traditionally focused on bacteria[6]. However, conditions have changed with the 
development of molecular biology technologies.

Detecting viruses in periodontitis is crucial for understanding their role in the disease. Two advanced molecular 
techniques, polymerase chain reaction (PCR) and next-generation sequencing (NGS), have significantly improved the 
sensitivity and specificity of viral detection in periodontal tissues. PCR is a widely used method for detecting viral DNA 
or RNA in subgingival plaque samples. PCR and its quantitative variant, qPCR, are highly sensitive and specific 
techniques that can amplify and quantify viral genetic material. For example, Chalabi et al[6] used PCR to detect period-
ontopathic bacteria and herpesviruses in chronic periodontitis, demonstrating the presence of these pathogens in 
periodontal pockets[6]. Similarly, Thomasini and Pereira utilized PCR-based assays to identify herpesviral infections in 
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the oral cavity, highlighting the relevance of viral detection in periodontal disease[7]. NGS is another powerful technique 
that allows comprehensive analysis of the viral genome in periodontal samples. NGS can identify and quantify a broad 
range of viral species, providing a detailed profile of the viral community present in periodontal tissues. This method 
offers several advantages over traditional techniques, including high throughput, deep sequencing depth, and the ability 
to detect low-abundance viruses. Carrozzo and Scally employed NGS to study the oral microbiome and its association 
with hepatitis C virus (HCV) infection, providing insights into the complex interactions between viruses and periodontal 
disease[8]. Both PCR and NGS have significantly advanced our ability to detect and analyze viruses in periodontitis. PCR 
is particularly useful for targeted detection and quantification of specific viral pathogens, while NGS provides a compre-
hensive overview of the viral community and its diversity. The integration of these techniques in periodontal research has 
led to a better understanding of the viral contributions to periodontal inflammation and disease progression.

There has been an increasing trend recently, particularly with the rise of coronavirus disease 2019 (COVID-19), to 
include viruses in the scope of studies on the oral microbiota. While some viruses are systemic and involve secondarily 
the oral cavity, others have a relative predilection for the oral tissues. Only a small percentage of the viruses that live in 
the oral cavity are pathogenic and have the potential to cause symptoms. The majority of viruses are commensals. The 
significant frequency of viral infections and oral diseases worldwide may indicate a concurrent or synergistic influence 
between the two[8]. Even though the precise mechanism is yet unknown, it may be related to viruses' ability to influence 
the immune system, which in turn allows bacteria to colonize oral and dental tissue. This has led to viral-bacterial plaque 
hypothesis. Moreover, a similar correlation between several viral infections and oral cancer can be proposed[9]. This 
review provides an extensive and detailed update on the role of the most common viruses including herpes family 
(herpes simplex, varicella-zoster, Epstein-Barr, cytomegalovirus), human papillomaviruses (HPV), human immunodefi-
ciency virus (HIV) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the initiation, progression and 
prognosis of periodontitis.

HUMAN HERPESVIRUS
Human herpesvirus (HHV) refers to a broad family of DNA viruses that includes the varicella-zoster virus (VZV), 
cytomegalovirus (CMV), Epstein-Barr virus (EBV), and, more recently, the herpes simplex virus (HSV), which comes in 
two kinds, HSV-1 and HSV-2. The only known natural reservoir for these endemic viruses is humans[10]. These viruses 
are prone to latency, repeated infections, and dissemination. All eight varieties result in a primary infection and remain 
dormant within particular cell types for the duration of the host's life. These viruses can reactivate and induce 
asymptomatic or symptomatic reactivation. Saliva and vaginal fluids carry the viruses, which can spread to new hosts[7].

In 2016, 491 million persons worldwide or 13% of the population between the ages of 15 and 49- were projected to have 
HSV-2 infection. In the same year, an estimated 3.7 billion persons worldwide, or 66% of those between the ages of 0 and 
49, contracted HSV-1[11]. Table 1 provides some key information on the main target cells of the HHV types, their oral and 
systemic pathologies.

Numerous causes served as inspiration for periodontal HHV research. The 1960s periodontal model was centered on 
dental biofilm and plaque. However, the low frequency of periodontitis in some patients with large biofilm buildup and 
the quick progression of juvenile (aggressive) periodontitis lesions with modest biofilms, cannot be explained by the 
presence of biofilm production alone[7]. Results of periodontal biofilm eradication techniques have been inconsistent. In 
the late 1970s, due to these clinical circumstances, the etiology of severe periodontitis shifted from a broad microbiologic 
disease to a specific infection involving different anaerobic bacteria. However, bacterial infections alone cannot explain 
periodontitis' site-specificity, especially its bilateral symmetrical distribution around the mouth's midline. The site-
specificity of periodontitis pointed to herpesviruses, which are the prototype agents for tissue tropism infectious (e.g., 
herpes labialis)[12]. The pattern of HHV infection may account for a number of characteristic features of periodontal 
diseases, including: (1) The localized pattern of tissue destruction, which may be caused by viral tissue tropism; (2) The 
disease's episodic, progressive nature, which may be caused by temporary local immunosuppression resulting from 
either an active or latent viral infection; and (3) The fact that some people have periodontopathogenic bacteria but still 
have healthy gums maybe due to lack of viral infection[13].

Many studies have found a significant incidence of HHVs in periodontal disease beginning in the mid-1990s. The 
presence of HHVs in gingival tissue, gingival cervicular fluid (GCF), and subgingival plaque in periodontal disease 
suggests that HHVs might be involved in the periodontal disease etiology. First of all, it has been demonstrated that 
human gingiva from clinically healthy individuals can get infected with HSV, indicating that these cells may serve as a 
reservoir for the latent virus[14]. Eventually, it was shown that the gingival tissue of periodontitis sites had a higher 
frequency of viral detection than did healthy locations[15]. Furthermore, also in the in GCF, it was observed that the 
frequency of HHV detection from periodontally diseased sites was higher than that from gingivitis/healthy sites[16]. 
Again, it was shown that subgingival plaque from periodontally diseased locations had a higher frequency of viral 
detection than plaque from healthy sites[17]. Moreover, it was found that the GCF of periodontal lesions contained active 
HHVs[18]. Additionally, the relationship between HHVs and periodontal bacterial infections was examined in a number 
of investigations[19]. Lastly, extensive populations were the subject of epidemiological investigations. For instance, a 
recent study that examined periodontitis and HSV co-infection used extensive cross-sectional data from the National 
Health and Nutrition Examination Survey (NHANES), which included 4733 adults aged 30-50. Both HSV-1 [odds ratio 
(OR) = 1.09, P < 0.001] and HSV-2 (OR = 1.06, P = 0.030) infections were substantially linked to periodontitis after 
controlling for variables. Those with HSV-1 (+) and HSV-2 (+) and HSV-1 (+) and HSV-2 (-) infection demonstrated 
greater incidence of periodontitis in all subgroups (OR = 1.15, OR = 1.09, P < 0.001) in subgroup analyses compared to 
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Table 1 Key information on the human herpes virus types, the main target cells, their oral and systemic pathologies

Human 
herpes virus Main target cells Oral pathology Systemic pathology

HHV-1 and 2 
(HSV 1 and 2)

Mucoepithelial cells (orofacial and 
genital tract)

Primary herpetic gingivostomatitis. Recurrent herpetic 
gingivostomatitis. Chronic herpetic gingivostomatitis. 
Herpes labialis. Increased risk of periodontitis

Genital ulcers

HHV-3 (VZV) Mucoepithelial cells and T cells 
(orofacial and any skin or mucosa 
of the body)

Possible oral vesicles and ulcers, increased risk of period-
ontitis

Primary infection: Varicella (chicken 
pocks). Recurrent infection: Herpes 
zoster (shingles)

HHV-4 (EBV) Mucoepithelial cells and B cells Hairy leukoplakia, leukoplakia, nasopharyngeal carcinoma, 
ulcerations and palatal petechiae, oral lymphoma, increased 
risk of periodontitis

Infectious mononucleosis, lymphoma

HHV-5 
(CMV)

Monocytes, fibroblasts, 
lymphocytes and epithelial cells

Oral vesicles and ulcers, increased risk of periodontitis Infectious mononucleosis

HHV-6 T cells, epithelial cells, monocytes, 
fibroblasts and more

Unknown

HHV-7 T cells, epithelial cells, monocytes, 
fibroblasts and more

Unknown

HHV-8 Not identified Ulcers and tumors Kaposi’s sarcoma

EBV: Epstein-Barr virus; CMV: Cytomegalovirus; HHV: human herpes virus, HSV: Herpes simplex virus; VZV: Varicella-zoster virus.

those without HSV infection[20].
These preliminary studies accumulated through time to form a considerable amount of literature body on the same 

association studied globally. Starting from the last decade, this series of investigations led to several systematic reviews 
and meta-analyses on the available data. Table 2 collects a list of selected systematic reviews and meta-analyses on the 
association between HHV and periodontitis. Findings from these reviews show a pattern and a potential consistency. For 
the EBV, which is the most studied HHV, a strong correlation with chronic, aggressive and advanced periodontitis was 
seen. This may reflect the high prevalence of EBV in most of the oral cavity tissues, its virulence and aggressive 
pathogenicity. However, when it comes to the apical periodontitis and peri-implantitis, negative association was reported
[21-23]. The same pattern is true for human CMV (HCMV) since most of the data shows a strong association between its 
detected prevalence and chronic, advanced and aggressive periodontitis but not with apical periodontitis[24]. Regarding 
the HSV, statistically significant relation with chronic, advanced and aggressive periodontitis were reported[25]; although 
in one meta-analysis including twelve studies no significant association was seen[26]. Finally, the same result was 
repeated in a recent umbrella review including six meta-analyses. The association between HHVs and marginal period-
ontitis was significant in contrast to the apical periodontitis of endodontic origin[27].

The exact mechanism by which HHVs affect the initiation and progression of periodontitis is still to be uncovered. 
However a HHV-bacterial model for periodontitis have been proposed briefly as follows: Important components of 
periodontal pathosis in the herpesviral-bacterial model of periodontitis include immunopathogenicity of the virus, its 
escaping capability from immune system, latency, reactivation after latency, and tissue/site tropism[28-31]. First, bacteria 
in the dental biofilm cause gingivitis, which opens the door for latent HHV to reach the periodontium through 
macrophages, T-lymphocytes, and B-lymphocytes. Latent HHV can reactivate on its own or during times when the host's 
defenses are weakened, as in the case of concurrent infections, drug-induced immunosuppression, unusually high levels 
of emotional stress, hormonal fluctuations, physical trauma, etc. Interestingly enough, the majority of conditions that 
activate herpesviruses are also thought to be risk factors or markers of periodontitis. As previously mentioned, the 
herpesvirus infection can release pro-inflammatory cytokines that may activate osteoclasts and matrix metalloproteinases, 
so compromising the immune system's ability to combat periodontopathic bacteria[32].

In conclusion, based on the mentioned data, an association between HHVs (especially EBV, HCMV and HSV) and 
marginal periodontitis is highly plausible; however all the data shows no such relation with apical periodontitis. This con
-clusion may support the hypothesis that HHVs have an affinity toward reaching and infecting the gingiva and period-
ontium but not the pulpal and apical periodontal tissues.

HIV
HIV is a single stranded RNA virus that belongs to the family of Retroviridae. Two main species have been identified: 
HIV-1 and HIV-2. The former is exhibited globally and responsible for most of the cases, while the latter predominates in 
West Africa and is related with a relatively decreased risk of transmission and slower progression of the disease. By the 
end of 2022, there were an anticipated 39 million HIV-positive individuals worldwide, with the World Health 
Organization (WHO) African Region housing two thirds of them. In 2022, 1.3 million new cases of HIV infection and 
630000 deaths from HIV-related causes were reported[33].
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Table 2 A list of systematic reviews and meta-analyses on the association between human herpesviruses and periodontitis

Ref. Study design Findings Conclusion
Reported 
statistical 
significance

Jakovljevic 
et al[27], 
2022

Umbrella review including six 
meta-analyses on HHVs detection 
in MP and apical periodontitis of 
endodontic origin (APEO)

MP risk increased with subgingival HHVs. The 
connection was robust (OR > 3.0), although 
confidence intervals were broad, heterogeneity was 
high, and studies were small. However, systematic 
reviews of APEO and HHVs found no significant 
relationships

There was a substantial 
correlation between HHVs 
and MP, but not APEO, 
according to low-quality, 
highly unclear research

MP: Yes; APEO: 
No

Arduino et 
al[26], 2023

Meta-analysis of eight observa-
tional studies on HSV-1 in 
endodontic peri-apical lesions 
including 194 adult patients

Pooled HSV-1 prevalence was 4.8% (95%CI: 
2.0%–11.4%; adjusted for small-study effect); 8.1% 
(95%CI: 4.4%–14.5%, quality-adjusted); and 6.8% 
(95%CI: 3.6%–11.0%, random-effects)

3%–11% of periapical 
disease patients had HSV-1 
colonization. Such data do 
not suggest HSV-1 causes 
the onset and progression 
of periodontitis

No

Arduino et 
al[25], 2022

Meta-analysis of twelve 
case–control and cross- sectional 
studies (738 cases, 551 controls), 
investigating HSV-1 in subgingival 
plaque/crevicular fluid and period-
ontitis

For any type of periodontitis, the pooled ORs were 44 
(95%CI: 1.9–10.2); for chronic periodontitis, they were 
28 (95%CI: 1.0–8.3); and for aggressive periodontitis, 
they were 118 (95%CI: 5.4–25.8)

HSV-1 was associated with 
periodontitis

Yes

Maulani et 
al[21], 2021

Meta-analysis of studies on EBV, 
involving 1354 periodontitis 
patients and 819 healthy controls

When subgingival EBV was found, there was an 
increased incidence of periodontitis: OR = 7.069 
(95%CI: 4.197–11.905, P < 0.001)

An elevated risk of period-
ontitis is linked to a high 
frequency of EBV detection

Yes

Roca-Millan 
et al[22], 
2021

Meta-analysis of five researches on 
EBV and peri-implantitis. The study 
included 274 patients (125 men and 
149 women) and 388 implants (197 
healthy, 166 peri-implantitis, and 25 
mucositis)

In the peri-implant sulcus, there was no significant 
difference in EBV presence between peri-implantitis 
and healthy implant groups (OR = 4.14; 95%CI: 0.93-
18.37; P = 0.06)

EBV prevalence in the 
sulcus was not statistically 
different between peri-
implantitis and normal 
implant groups

No

Li et al[28], 
2017

Meta-analysis of twelve case-
control studies on the presence of 
HHVs in AgP involving 322 
patients and 342 controls

EBV showed substantial connection with AgP, 
however publication bias was present (10 studies: OR 
= 6.11, 95%CI: 2.13–17.51, P = 0.0008). HCMV and 
HSV-1 also showed significant associations (12 
studies: OR = 3.63, 95%CI: 2.15–6.13 P = 0.009; 4 
studies: OR = 19.19, 95%CI: 4.16–79.06, P < 0.001). 
Relation between HSV-2 and AgP was inconclusive (2 
studies: OR = 3.46, 95%CI: 0.51–23.51, P = 0.20)

AgP showed strong associ-
ations with EBV, HCMV, 
and HSV-1. But there was 
a lot of heterogeneity 
among the studies

Yes

Zhu et al
[29], 2015

Meta-analysis of 12 studies 
(including 552 cases and 371 
controls) investigated the 
association between HHVs and 
chronic periodontitis

EBV: 12 studies (OR = 5.74, 95%CI: 2.53–13.00, P < 
0.001). HCMV: 10 studies (OR = 3.59, 95%CI: 
1.41–9.16, P = 0.007). HSV: 2 studies (OR = 2.81 
95%CI: 0.95–8.27, P = 0.06). HHV-7: 1 study (OR = 
1.00, 95%CI: 0.21–4.86)

Chronic periodontitis was 
highly correlated with both 
HCMV and EBV. 
Inadequate evidence was 
found for HHV-7 and HSV

EBV: Yes; 
HCMV: Yes; 
HSV: No; HHV-
7: No

Botero et al
[24], 2020

Meta-analysis of 32 studies on 
HCMV in periodontitis (26 studies 
involving periodontitis and 6 
involving apical periodontitis)

Significantly elevated periodontitis risks with 
subgingival HCMV (OR = 5.31; 95%CI: 3.15-8.97). 
HCMV was not linked to apical periodontitis (OR 
3.65; 95%CI: 0.49-27.10)

HCMV was significantly 
associated with period-
ontitis but not with apical 
periodontitis

Periodontitis: 
Yes; Apical 
periodontitis: 
No

Gao et al
[23], 2017

Meta-analysis of 21 case–control 
studies (including 995 patients and 
564 healthy people) on the 
association between EBV and 
periodontitis

Significant differences were found in the odds of 
periodontitis and EBV detection (OR = 6.199, 95%CI: 
3.119–12.319, P < 0.001)

An elevated risk of 
periodontal diseases was 
connected with a high 
prevalence of EBV

Yes

Alzahrani
[19], 2016

Systematic review of 12 studies on 
the association between HHVs and 
risk of AgP and AP

In contrast to healthy 
individuals, HHVs (HSV, 
CMV, and EBV) levels 
were elevated and linked 
to AgP and AP

Yes

Jakovljevic 
et al[30], 
2014

Meta-analysis of 17 cross-sectional 
studies on the association of HCMV 
and EBV with apical periodontitis

No statistically signicant relationship between the 
presence of HCMV and EBV messenger RNA 
transcripts (P = 0.083 and P = 0.306, respectively) and 
the clinical features of apical periodontitis

HCMV and EBV were 
common in symptomatic 
and large-size periapical 
lesions, but not statistically 
signicant

No

HSV: Herpes simplex virus; AgP: Aggressive periodontitis; MP: Marginal periodontitis; APEO: Apical periodontitis of endodontic origin; EBV: Epstein-
Barr virus; HCMV: Human cytomegalovirus; AP: Advance periodontitis; HHV: Human herpesvirus; OR: Odds ratio.
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It's critical to distinguish between two things when discussing HIV/acquired immunodeficiency syndrome (AIDS): 
First, the infection pattern both prior to and following contemporary antiretroviral therapy (ART). Due to the 
introduction and widespread use of ART since 1996, AIDS-which was defined by a fast advancing immunodeficiency 
course that ultimately results in death- has recently been reduced to a chronic condition that could be managed[33]. 
Therefore, those living with HIV experience longer life expectancies, lower rates of death and morbidity, and roughly the 
same rates of development of chronic non-HIV-related illnesses as the general population[34]. These patients also saw 
improvements in their quality of life. The second point is that industrialized and developing countries have different 
illness distribution and types. Unfortunately, socioeconomic factors like poverty, prejudice, stigma, and inadequate 
healthcare systems continue to be major obstacles to treatment and prevention initiatives in underdeveloped nations[35].

A series of oral manifestations of HIV infection have been identified including oral hairy leukoplakia, oral candidiasis, 
oral warts, salivary gland diseases, Kaposi sarcoma, linear gingival erythema, necrotizing ulcerative gingivitis, 
necrotizing ulcerative periodontitis and chronic periodontitis[36]. In a recent meta-analysis, the overall prevalence of the 
manifestations were reported as follows: Oral candidiasis (35%), pseudomembranous candidiasis (19%), oral hairy 
leukoplakia (12%), Kaposi sarcoma (5%) and erythematous candidiasis (18%)[37]. Atypical lesions affecting the 
periodontal tissues, such as necrotizing ulcerative gingivitis, necrotizing ulcerative periodontitis, and linear gingival 
erythema, were seen prior to the development of ART[38]. However, there has been a noticeable decrease in the incidence 
of oral candidiasis, hairy leukoplakia, and destructive and atypical periodontal disease in HIV patients since the 
introduction of combined ART[39]. HIV-positive patients on ART had a statistically significant reduction in the 
prevalence of angular cheilitis, erythematous candidiasis, oral herpes, pseudomembranous candidiasis, Kaposi sarcoma, 
and oral hairy leukoplakia when compared to those who were not on ART[40].

The most prevalent kind of periodontal disease, chronic periodontitis, has been the subject of epidemiological research. 
A variety of potential correlations between HIV and the frequency and severity of periodontal illnesses were 
documented. Prior to the development of ART, certain research found that HIV patients who also had chronic 
periodontal disease experienced higher levels of attachment loss than non-infected patients, and this was associated with 
decreasing CD4 counts[41] and a greater extent of gingival recession, with or without greater alveolar bone loss[42]. 
However, in the combined ART era, studies have reported reductions in the prevalence of periodontal diseases in adults 
with HIV[40,43]. Moreover, studies carried out during the era of combined ART have not discovered any discernible 
variations in the frequency or severity of periodontal disease between HIV-positive patients receiving these therapies and 
non-infected individuals[43]. Furthermore, a large longitudinal study conducted on a cohort of women from 1995 to 2002 
found no significant differences between HIV-positive and HIV-negative women in terms of baseline mean probing 
depths, clinical attachment levels, the advancement of attachment loss, or pocket depths[44]. When comparing HIV 
patients receiving ART vs those not, it seemed that patients on ART had a significantly lower prevalence of necrotizing 
gingivitis, and there was no statistically significant difference in the prevalence of either chronic or necrotizing period-
ontitis between the two groups[45]. Periodontal inflammation was common in HIV patients regardless of ART status, and 
in participants with virological suppression, the periodontal treatment reduced periodontitis along with a concurrent 
decrease in IL-6 and an increase in CD4. These findings highlight the impact of periodontal treatment on local inflam-
mation and periodontitis in HIV patients[46]. A recent systematic review showed that HIV infection does not seriously 
threaten implant survival in the short term, but the data was of high quality[47].

In the combined ART era, as in the pre-combined ART era, there have been conflicting results regarding the 
relationship between periodontal attachment loss or pocket depth and CD4 counts and/or HIV viral load. Even though 
HIV can be found and measured in the subgingival biofilm of HIV-positive people[48], some research found no 
significant differences in periodontal parameters[49,50] or in tooth loss patterns[51], or the stages of HIV infection partic-
ularly for patients with a CD4 count higher than 500 cells/mm3[52]. However, patients on combined ARTs who showed 
resistance to the therapy or a lack of compliance did show a slight increase in tooth loss along with a 10-fold increase in 
viral load[44]. Meanwhile, a different study found that patients on combined ART who had a CD4 count of less than 200 
cells/mm3 were more likely to develop periodontal disease[53]. Lastly, in HIV-positive individuals, the severity of 
periodontitis was linked to greater frequencies of circulating CD8+ senescent cells, raised CRP levels, and an increased 
prevalence of P. gingivalis[54].

In children, early research conducted in the pre-ART era indicated high incidence of gingivitis and early periodontitis 
in many different nations worldwide. Clinical markers such as bleeding on probing, increasing depths of probing, and/or 
loss of clinical attachment were used in these studies[55-57]. More recently, in the age of ART, extensive cross-sectional 
and prospective epidemiological studies have been conducted to examine the impact of these medications on the 
prevalence and severity of periodontal problems in children and adolescents. A large multicenter prospective cohort 
research included 2767 HIV-positive children from United States and Puerto Rico indicated that children on combined 
ART had significantly decreased occurrences of oral candidiasis and herpes zoster when compared to children on pre-
combined ART[58]. In addition, a recent meta-analysis reported that HIV-positive children taking ART had a signicantly 
higher prevalence of periodontal diseases (three-fold), oral ulcer (6-fold), oral candidiasis (17-fold) and mucosal hyperpig-
mentation (20-fold) than the healthy controls[59].

The periodontal microbiota of HIV-positive patients has been the subject of numerous studies. According to the 
findings of certain studies, the subgingival microbiota of people with HIV infection and those without it is similar in 
composition[60,61]. Other research found that HIV-positive individuals had higher prevalence of periodontal pathogens, 
including Prevotella intermedia, A. actinomycetemcomitans, P. gingivalis, T. forsythia, Fusobacterium nucleatum and T. denticola, 
as well as a mixture of these species[62-64].

HIV targets the immune system, namely CD4+ T cells, which causes widespread viremia and leading to a status 
known as AIDS. Most bodily fluids, including blood, saliva, urine, tears, breast milk, ear secretions, semen, and vaginal 
secretions can contain the HIV virus in people who are positive for the infection[65]. HIV is typically found in saliva at 
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much lower concentrations in patients than in blood. Saliva has been found to contain RNA and DNA of HIV[66,67]. 
Serum and HIV-positive macrophages and lymphocytes from gingival crevicular fluid, which the latter is elevated during 
periodontal disease, are potential sources of infectious HIV DNA in saliva[68]. It's unclear how exactly the HIV enters the 
periodontium. However, it is well known that the presence of inflammation causes the surface of the oral epithelium to 
express higher number of receptors, including HIV receptors, which may increase the epithelium's permeability[69].

In conclusion, ART has decreased aggressive forms of atypical periodontitis, while the results on chronic periodontitis 
are inconclusive. A higher prevalence of traditional periodontal pathogens, which are typically also found in non-infected 
persons, is present in the subgingival microbiota of HIV-positive patients with chronic periodontitis. Moreover, the 
extreme immunosuppression appears to encourage the colonization of these species and other species that are uncommon 
in the subgingival microbiota. This mandates a closer and personalized monitoring and follow-up of HIV patients 
concerning their periodontal health status.

SARS-COV-2
The coronavirus is a common single-stranded RNA virus that is extremely infectious among humans and animals and 
can cause respiratory infections ranging from mild to severe. Late in 2019, a novel strain of the β-coronavirus family, 
known as SARS-CoV-2, surfaced in Wuhan, China. It quickly spread throughout the globe, forcing the WHO to designate 
the disease a global pandemic on March, 2020[70].

The virus enters the body and generates viremia, which initiates the early stage of the sickness, which typically lasts 
three to seven days. The illness may then progress into a second stage where the virus enters the bloodstream and targets 
a variety of tissues and organs[71]. Critical organ damage, including damage to the heart, lungs, nervous system, 
gastrointestinal tract, and kidneys, causes the patient's condition to worsen. Furthermore, a pathological inflammatory 
reaction labeled the "cytokine storm" raises the COVID-19 mortality rate. This cytokine storm is indicative of an overre-
action of the immune system, as indicated by increased levels of inflammatory mediators in the blood[72]. One of the 
main ways that SARS-CoV-2 is contagious is because of a spike of protein on its surface that can bind to the angiotensin-
converting enzyme 2 (ACE 2), which is found on the membrane of several human body cells[73]. Actually, the fact that 
ACE 2 is highly expressed in the lower respiratory tract, namely on alveolar pneumocytes, is one of the main mechanisms 
that SARS-CoV-2 infection can harm the lungs and cause acute respiratory distress syndrome[74].

Severe COVID-19 disease has been linked to a number of risk factors. These include comorbidities like obesity and the 
existence of underlying disorders, as well as factors like advanced age and sex (male), as well as diabetes, hypertension, 
cerebrovascular disease, cardiovascular disease and chronic renal disease[73].

It appears that the oral cavity contributes significantly to the pathogenicity of COVID-19. The oral cavity exhibits high 
expression levels of membrane proteins such as transmembrane protease serine 2 and ACE 2, which are utilized by SARS-
CoV-2 to infect cells[75]. Similar to those in the lungs and tonsils, these membrane proteins have been detected at similar 
concentrations on the epithelial cells of the oral mucosa, tongue, gingiva, salivary glands, and periodontal pockets[76]. 
Furthermore, oral fluids and saliva may contain SARS-CoV-2; the oral viral load has been linked to the severity of the 
disease[77].

There have been some nonspecific oral lesions linked to COVID-19 infection. Lip necrosis, dry mouth, fissured or 
depapillated tongue, oral vesiculobullous or pustulous lesions, and hemorrhagic or erythematous mucosal lesions are a 
few of these[75]. Patients with systemic diseases that include some degree of immunosuppression are more likely to have 
these lesions[78]. The oral lesions can affect both keratinized and nonkeratinized mucosa, and they resemble a number of 
viral diseases[79]. The degree of oral lesions is mostly influenced by an older age and the severity of COVID-19 infection. 
The beginning of oral lesions typically corresponds with taste and smell chemosensory dysfunctions[80].

Several epidemiological studies have been performed to investigate the association between periodontitis and COVID-
19 infection, severity, complications and mortality. A comprehensive investigation involving 1299010 people examined 
the genotyping of single nucleotide variants linked to periodontitis. Higher susceptibility to COVID-19 infection (OR = 
1.029; 95%CI: 1.003–1.055, P = 0.024) and severity of COVID-19 (OR = 1.030; 95%CI: 1.003–1.058, P = 0.027) was 
significantly linked to periodontitis. The authors came to the conclusion that there may be a causal relationship between 
periodontitis and COVID-19 severity and susceptibility to infection[81]. Larvin et al[82] investigated self-reported oral 
health indicators (bleeding gums, loose teeth and painful gums) in 13253 individuals (1616 positive COVID-19 patients 
and 11637 negative participants) during the course of a 6-month study. Those with loose teeth did not show an increased 
risk of death or hospital admission (OR = 1.85; 95%CI: 0.92–2.72), in comparison to the control group. On the other hand, 
persons who tested positive for COVID-19 and experienced bleeding or sore gums were more likely to die (OR = 1.71; 
95%CI: 1.05–2.72). Insufficient evidence was available to determine a link between periodontitis and an increased risk of 
COVID-19 infection. However, among those who tested positive for COVID-19, those with periodontal disease had a 
significantly higher death rate[82]. The same researchers looked at the self-reported oral health indicators (loose teeth, 
bleeding and painful gums) in 58897 participants who were followed up for nearly a year, this time with a focus on body 
weight. Hospital admission rates for patients with periodontal disease were 57% higher [hazard ratio (HR) = 1.57; 95%CI: 
1.25-1.97] than for the obese group without the illness. Obesity-related death rates were substantially higher in people 
with periodontal disease (HR = 3.11; 95%CI: 1.91-5.06) than in people without the illness. The authors speculated that the 
relationship between obesity and higher hospitalization and death rates could be exacerbated by the effects of periodontal 
disease[83]. A study conducted in Qatar with 568 participants examined the connection between COVID-19 issues and 
periodontitis. In the study, dental panoramic radiographs were utilized to assess the condition of the periodontal tissue. 
After adjusting for potential confounders like age, gender, smoking, body mass index, and other chronic diseases, the 



Mahmood MK et al. Role of viruses in periodontitis

WJV https://www.wjgnet.com 8 December 25, 2024 Volume 13 Issue 4

study's findings showed a significant correlation between moderate to severe periodontitis and a higher risk of COVID-19 
complications, including death (OR = 8.81, 95%CI: 1.00-77.7), admissions to an intensive care unit (OR = 3.54, 95%CI: 1.39-
9.05), and the need for assisted ventilation (OR = 4.57, 95%CI: 1.19-17.4)[84]. A similar study with 137 COVID-19 patients 
found that patients with signs of oral disease (radiographic alveolar bone loss, dental caries, and apical periodontitis) had 
a significantly higher risk of developing COVID-19 complications compared to those without oral diseases. These 
complications included positive symptomatology, hospitalizations, and mortality. The study used oral examination 
records and panoramic X-rays. However, a positive specific correlation with periodontitis could not be observed[85]. 
Regarding systematic reviews, a study found a reciprocal relationship between COVID-19 and periodontitis; but for peri-
implantitis, the authors came to the conclusion that there was still a lack of information[86]. According to a mendelian 
randomization research there was no correlation between periodontitis and hospitalization for COVID-19 (OR = 0.97, 
95%CI: 0.78–1.20; P = 0.76), vulnerability to COVID-19 (OR = 1.04, 95%CI: 0.88–1.21; P = 0.65), or severity of COVID-19 
disease (OR = 1.01, 95%CI: 0.92–1.11; P = 0.81)[87]. A meta-analysis, on the other hand, clearly suggested that COVID-19 
patients with periodontal disease have a 4-fold increased risk of hospitalization, a 6-fold increased risk of assisted 
ventilation, and a 7-fold increased risk of death[88]. However, a systematic review stated that there is no evidence to 
support or contradict a strong relationship between periodontitis and the likelihood of COVID-19 complications and 
death[89].

Investigations are ongoing to determine the biological mechanism directing a possible association between COVID-19 
and periodontitis. It is commonly known that the linkages between systemic disorders including diabetes, cardiovascular 
disease, and rheumatoid arthritis and periodontitis are caused by the translocation of periodontal bacteria to blood and 
consequent systemic inflammation[90,91]. Furthermore, a number of risk factors, such as smoking, old age, obesity, 
diabetes, hypertension, and cardiovascular disease, are shared by both the severity of COVID-19 disease and period-
ontitis[1,73,83,92]. A probable correlation between periodontitis and greater severity of COVID-19 infection has been 
indicated by several investigations due to the increased systemic risk of periodontitis. Certain researchers have 
questioned if COVID-19 risk factors for periodontal illnesses should be given the same weight as cardiovascular, diabetes, 
and other conditions[93]. It is unclear, nonetheless, if there are particular processes and pathological pathways connecting 
periodontitis and greater COVID-19 severity, or if these factors could simply operate as comorbidities. Researchers have 
suggested a number of mechanisms to explain this association and provide evidence for the connection between COVID-
19 infection and periodontitis: (1) SARS-CoV-2 can be detected in periodontal pockets. In COVID-positive cadaver 
biopsies, SARS-CoV-2 was found in periodontal tissues[94]. This pathogenic environment may allow SARS-CoV-2 to 
enter through damaged epithelia or by upregulating ACE 2 receptor expression by periodontal bacterial pathogens[95]. 
These suggest that periodontal pockets may harbor SARS-CoV-2 and allow it to enter the bloodstream; (2) COVID-19 
patients can aspirate pathogens from periodontitis. The well-established association between oral microbiome and 
respiratory illnesses may also relate periodontitis to COVID-19 severity. Poor dental hygiene and periodontitis may 
collect respiratory microorganisms in the mouth. These pathogens may be eventually aspirated into the lung. For 
instance, hospital-acquired pneumonia and pneumonia deaths are more common in older adults with periodontal 
pockets[96]. In a systematic review, respiratory disease and periodontitis were linked to higher prevalence of chronic 
obstructive pulmonary disease, obstructive sleep apnea, and COVID-19 infection[97]. Respiratory diseases related to 
periodontitis may worsen COVID-19 and result in a higher mortality[98]. Some periodontopathic bacteria increase ACE 2 
and respiratory tract inflammatory cytokines. Bronchoalveolar fluid from COVID-19 patients contained oral 
opportunistic infections[99]. Lung hypoxia in COVID-19 patients may further encourage the growth of oral microbiota 
anaerobes; and (3) Periodontitis causes systemic inflammation. High C-reactive protein and proinflammatory cytokines in 
periodontitis promote systemic inflammation that might aggravate conditions like diabetes and cardiovascular disease
[90,91]. Periodontitis synergistically stimulates peripheral leukocytes to local and remote inflammatory stimuli, preparing 
the immune system for a stronger innate response[100]. COVID-19 infection can trigger a "cytokine storm" an uncontro-
llable hyperinflammatory reaction. The condition is marked by increased serum levels of interleukin family, C-reactive 
protein, and tumor necrosis factor-α, and decreased T-lymphocyte numbers[101]. In COVID-19 hospital records, patients 
with periodontitis had far higher blood levels of inflammatory markers such C-reactive protein than those without 
periodontitis[84]. Based on this premise, inflammatory upregulation may link periodontitis to COVID-19 severity. 
Figure 1 shows how periodontitis and COVID-19 may interact (Figure 1). (1) Periodontal pocket act like a reservoir for 
SARS-CoV-2 and an entrance into the blood stream; (2) Periodontitis as a source for increased direct inoculation of 
periodontopathic bacteria into the respiratory system in COVID-19 patients; and (3) Periodontitis as a source for 
increased systemic inflammation and priming the immune system in COVID-19 patients.

Given these connections between periodontitis and COVID-19 severity, periodontal treatment may help prevent and 
manage COVID-19 problems[102,103]. Impaired immune response, medicines, and reduced diet intake make COVID-19 
patients more susceptible to oral dysbiosis. Due to illness and hospitalization, critically ill individuals have poor oral 
hygiene, which worsens dysbiosis[104]. Periodontitis can be prevented by everyday oral hygiene and professional biofilm 
removal. Periodontal therapy have decreased the severity of pneumonia and other systemic infections, improves the 
gingival epithelial barrier, preventing oral harmful viruses and bacteria from entering the bloodstream. Thus, periodontal 
care may lessen COVID-19's systemic effects and, regular oral hygiene may reduce aspiration pneumonia and COVID-19 
complications[98].

To sum up, there are a number of similarities between COVID-19 and periodontitis, such as their effects on systemic 
inflammation and shared comorbidities. In fact, a few preliminary investigations have suggested a potential link between 
periodontitis and the likelihood of contracting COVID-19 and its consequences. These correlations may be caused by a 
priming effect on systemic inflammation, but periodontal bacteria in the lungs may also play a role. In this case, reducing 
COVID-19 infections and consequences may be aided by preventative dental hygiene practices and periodontal 
treatment. Nevertheless, more investigation would be required to validate these theories.
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Figure 1 Possible mechanisms of interaction between periodontitis and coronavirus disease 2019 infection. (1) Periodontal pocket act like a 
reservoir for severe acute respiratory syndrome coronavirus 2 and an entrance into the blood stream; (2) Periodontitis as a source for increased direct inoculation of 
periodontopathic bacteria into the respiratory system in coronavirus disease 2019 (COVID-19) patients; and (3) Periodontitis as a source for increased systemic 
inflammation and priming the immune system in COVID-19 patients. (Created at BioRender.com)

HPV
HPV is a double-stranded DNA virus. HPV is one of the three most prevalent sexually transmitted infections (STIs) in 
both genders and the most prevalent viral STI, which is primarily sexually transmitted. Currently, HPV is the most 
prevalent infection linked to cancer in women; it has been found in over 90% of cases of cervical cancer, the fourth most 
deadly type of cancer in women[105,106].

Multiple symptoms, including benign warty or potentially malignant lesions, intraepithelial neoplasia, and invasive 
carcinomas, can result from HPV infections[107]. There are currently over 200 known HPV genotypes, about 40 of which 
are mucosal HPV types, meaning they affect the mucosa. The alpha genus of HPV is primarily clinically significant 
because it harbors the majority of mucosal HPVs, both high-risk and low-risk varieties[108]. High-risk mucosal HPVs, 
such HPV-16 and HPV-18, produce squamous intraepithelial lesions that can proceed to squamous cell carcinoma in the 
head and neck area and/or anogenital tract, while low-risk mucosal HPVs, like HPV-6 and HPV-11, cause benign 
papilloma/condyloma[109]. The global pooled prevalence for genital HPV in men, derived from 35 countries, was 21% 
for high-risk-HPV and 31% for any HPV[110]. The estimated global prevalence of genital HPV in women was 11.7%[111]. 
The global incidence of oral HPV in healthy individuals is believed to be between 4 to 7.5%[112,113].

HPV has been detected in the oral cavity especially in the gingival crevicular fluid, gingival tissue, oral swab and oral 
rinse samples[114-116]. It's possible that HPV enters the human body through the oral cavity first. The main oral 
manifestations of HPV include oral papillomas/condylomas, focal epithelial hyperplasia and squamous cell carcinoma of 
the oropharyngeal region[117].

The oral mucosa can harbor HPV infection asymptomatically. The mouth's border, oropharynx, tonsil cryptal 
epithelium, salivary gland ductal epithelium, and inflammatory gingival pocket are among the potential reservoirs. 
Another possible reservoir is a latent HPV infection in epithelial basal cells, where a local irritation might trigger a 
transition from stable to vegetative viral DNA replication[117].

The majority of research on oral HPV has been on its association with oropharyngeal cancer. Nonetheless, a number of 
research also investigated the connection between periodontitis and HPV found in the gingival/periodontal tissue. For 
instance, data from the United States NHANES from 2009 to 2012 allowed for the analysis of almost 6000 people (30–69 
years old) with clinically determined HPV and periodontal status. After controlling for confounding variables, the 
adjusted OR for the presence of HPV in oral rinse specimens of participants with periodontal disease was 1.04 (95%CI: 
0.63–1.73)[115]. In another study, 223 patients with known periodontal disease status, oral hygiene practices, and HPV-
positive oral rinse samples were included. Ten (4.5%) of these individuals tested positive for HPV-16 DNA. Among the 
participants who tested positive for HPV-16 DNA, periodontal disease was linked to three (30%) and poor oral hygiene to 
seven (70%) of them[118]. Moreover, in a multivariable analysis, adults with severe periodontitis had higher odds of oral 
HPV infection than adults with none or mild periodontal disease (OR = 2.9, 95%CI: 1.0-8.4, P < 0.05). Adults with pocket 
depth > 6 mm and clinical attachment loss ≥ 7 mm exhibited 2- to 3-fold increased risks of HPV infection[119]. 
Furthermore, PCR analysis of gingival biopsies obtained from patients with periodontal disease who had a clinical 
diagnosis of periodontitis revealed the presence of high-risk HPV strains in 26% (8/31) of the samples[116]. Again, when 
eight participants with widespread chronic periodontitis had their periodontal pockets scraped, HPV E6/E7 mRNA was 
found in four of the eight samples[120]. In a study with 822 patients, McDaniel et al[121] found that those without a 
vaccination against HPV and periodontitis had a higher incidence of oral HPV[121].

Furthermore, a higher number of oral bacteria was linked to higher HPV16 E6 viral copy numbers in hospital patients, 
indicating a possible link between oral HPV infection and viral replication and inadequate oral hygiene[122]. As a result, 
there was evidence for a tendency toward a positive connection between oral HPV-16 infection and clinical oral health. 
Furthermore, there was a strong correlation found between the prevalence of Fusobacterium nucleatum and T. denticola and 
the HPV16 DNA positive in gingival crevicular fluid[123]. Therefore, it is thought that the prevalence of oral HPV and 
periodontal microorganisms are connected. It is hypothesized that whereas periodontal disease provide an environment 
in which oral HPV infections can thrive, oral HPV infections may also make periodontal diseases worse.
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However, some negative findings also reported in the literature about the correlation between periodontitis and 
identified HPV in periodontium. For instance, HPV-16 was not found in any of the 104 gingival samples examined in a 
case-control study that included gingivitis, periodontitis, and healthy periodontium[114]. PCR was used to screen 74 oral 
biopsies from kidney transplant recipients and non-recipients with gingivitis and/or periodontitis for the presence of 
HPV and EBV viruses. In transplant recipients, EBV was substantially linked to periodontitis and/or gingivitis (P = 0.011) 
but not HPV (P = 0.766)[124]. There was no correlation found between the periodontal state and the presence of HPV in 
the oral cavity in an investigation from Argentine involving women with gynecological infections[125]. Finally, a very 
recent meta-analysis found that among people with confirmed periodontitis, there was no significant increase in the 
likelihood of high-risk oral HPV infection (OR = 4.71, 95%CI: 0.57–38.97). However, compared to people without period-
ontitis, individuals with the disease had a 3.65-fold increased risk of developing an oral HPV infection of any kind 
(95%CI: 1.67–8.01)[126].

The precise nature and degree of the link between HPV and the onset and progression of periodontal disease remains 
unclear. In addition, the mechanism is also under investigation. Nonetheless, it is well known that HPV has a tropism for 
squamous epithelium. Viral particles cause micro-abrasions or epithelial injury, which expose the basal cells of the 
epithelium. There is still some mystery about HPV receptors and the way the virus enters cells. Briefly, HPV-16 attaches 
to laminin in the extracellular matrix or basement membrane, which causes epithelial cells to die.

In conclusion, people with periodontal disease may have HPV in their periodontal epithelium, and these individuals 
often have a higher risk of developing periodontitis. It is believed that basal keratinocytes in the ulcerated gingival sulcus 
epithelium are infected by HPV in the inflammatory periodontal tissue. A distinct oral microbiome may be linked to oral 
HPV infection, even if the precise connections between periodontopathic bacteria and HPV are still unknown. Using 
clinical definitions of oral HPV infection and periodontitis and concentrating on high-risk populations for oral HPV 
infection, future longitudinal research should assess this association in more detail. Examining this correlation is crucial 
since periodontitis may indicate who is more susceptible to oral HPV infection and maybe oropharyngeal malignancies 
linked to HPV. As a result, treating patients with chronic periodontitis is essential to maintaining dental health and 
hygiene and preventing potentially fatal conditions like oral cancer.

HEPATITIS B AND C VIRUSES
HCV is an RNA virus that is a member of the flaviviridae family of viruses. Hepatitis B virus (HBV), on the other hand, is 
a DNA virus that only infects humans. These viruses are not immediately cytopathic; rather, they multiply in the 
cytoplasm of hepatocytes[127]. Fast viral replication, ongoing cell-to-cell transmission, and a weak T-cell immune 
response to viral antigens appear to be necessary for persistent infection[128].

An estimated 50 million people worldwide suffer from a chronic HCV infection, and one million new cases are 
reported each year. According to WHO estimates, hepatitis C killed about 242 thousand individuals in 2022[129]. 
According to WHO predictions, 1.2 million new cases of chronic hepatitis B infection occur annually, impacting 254 
million people worldwide in 2022. Hepatitis B is expected to have killed 1.1 million people in 2022. Millions of people are 
afflicted with viral hepatitis and its aftereffects despite the availability of an efficient treatment and vaccine[130].

Acute and chronic hepatitis, non-alcoholic fatty liver disease (NAFLD), liver fibrosis and cirrhosis, hepatocellular 
cancer, and extra-hepatic symptoms are among the sequelae and effects of HCV and HBV. Regarding the extra-hepatic 
symptoms, glomerulonephritis and polyarteritis nodosa have been reported in cases of persistent HBV infection[131]. 
Mixed cryoglobulinemia, along with the accompanying systemic vasculitis, is a common extra-hepatic symptom of 
chronic HCV infection[132]. Possible clinical manifestations include weakness, arthralgias, purpura, and renal 
dysfunction. Primary oral manifestations of HBV and HBV include lichen planus, Sjögren-like sialadenitis, and oral 
squamous cell carcinoma[133,134].

Periodontitis have been studied in relation to various aspects of liver disease, such as NAFLD, liver cirrhosis (LC), 
hepatocellular carcinoma and liver transplantation. For instance, in a Finnish cohort study comprised of 6165 individuals 
without baseline liver diseases were followed up for 12 years. During the follow-up, 79 patients had a serious liver 
incident. In the general population, periodontitis was linked to incidence of liver disease, regardless of other factors[135]. 
Periodontal disease is a risk factor for NAFLD, according to numerous cross-sectional and epidemiological studies. 
According to certain in vivo animal models, periodontopathic bacterial infection quickens the course of NAFLD and is 
associated with increased steatosis[136]. Furthermore, the presence of periodontopathic bacteria in the liver may indicate 
a direct correlation between these bacteria and NAFLD. Additionally, the lipopolysaccharide produced by P. gingivalis 
and A. actinomycetemcomitans induces inflammation and intracellular lipid buildup in hepatocytes[136,137]. Out of four 
epidemiological systematic review and meta-analyses on the association between NAFLD and periodontitis, three of 
them found significant correlation[138-141]. Grønkjaer[142] conducted a systematic review of the literature from 1981 to 
2014 and found that, according to multiple different periodontal indicators, patients with LC had a higher incidence of 
periodontal disease. But the type and degree of the relationship were still unknown, particularly in terms of whether 
periodontal disease and the severity and etiology of cirrhosis are associated[142]. In a recent meta-analysis, cirrhotic 
patients presented a greater and significant mean of clinical attachment loss, probing depth and alveolar bone loss than 
those without LC. Authors concluded that LC patients have poor periodontal conditions and a higher prevalence of 
periodontitis[143]. Concerning the risk of hepatocellular, Al-Maweri et al[144] systematically reviewed the published 
literature on the link between tooth loss/periodontitis and the risk of liver cancer. Researchers stated that available 
evidence suggests a possibility; however, the evidence was not conclusive enough[144]. In most of these researches, the 
clinical liver condition is investigated, rather than the exact presence and effect of HBV/HCV. Therefore, it is important 
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to bear in mind that the studied liver conditions may have been caused by other non-viral causes.
Some other research examined periodontitis in individuals with confirmed HCV and HBV infections. Hepatitis virus 

infection and periodontitis were positively correlated in a large cross-sectional study from the NHANES spanning the 
years 2003–2018, with 5755 individuals (OR = 2.60; 95%CI: 1.51-4.49). Additionally, there was a high correlation (OR = 
2.13; 95%CI: 1.19-3.82) found between moderate periodontitis and hepatitis virus infection. This correlation was even 
more pronounced for severe periodontitis (OR = 3.58; 95%CI: 1.77-7.21). Significantly, there was a constant positive 
correlation between periodontitis and hepatitis virus infection in several subgroups[145]. In patients with chronic 
hepatitis C who had periodontitis, positive associations were seen between the levels of IL-1β and IL-1α in gingival fluid 
and specific clinical periodontal criteria; and this was also related with the age of the viral hepatitis C diagnosis[146]. 
Salivary occult blood test was used in a retrospective research to screen for periodontal disease in 351 individuals with 
liver disorders due to HBV, HCV, or both. Multivariate research revealed that five factors—being 65 years of age or older, 
tooth brushing just once a day, having a platelet count below 80000, and being obese—were linked to periodontal disease. 
The authors mentioned that the development of viral liver disease may be linked to periodontitis[147]. Using the CPITN 
index (Community Periodontal Index of Treatment Needs), Coates et al[148] examined the periodontal condition in 
patients with hepatitis C. Despite no discernible variation in CPITN categories across the persons examined, there was a 
clear indication of poor periodontal health in the hepatitis patients[148]. Aspartate amino-transferase levels in the 
gingival tissue of patients with periodontal disease have been demonstrated to be elevated and to be correlated with the 
activity of the disease[149]. Additionally, non-surgical periodontal therapy has been shown to improve periodontal 
inflammation in patients with chronic viral hepatitis[150]. Finally, in animal model study, authors concluded that period-
ontitis may be an independent risk factor for liver fibrosis in rats when periodontitis was induced by ligatures[151].

Based on these and the similar findings, the concept of oral-intestine-liver axis has been proposed. This is explained 
through certain premises: The etiology of periodontitis is largely influenced by bacteria of the red complex, which are 
abundant in deep periodontal pockets and active periodontal lesions[152]. These particular periodontal infectious agents 
are easily swallowed and go from the oral cavity to the stomach, where they may significantly alter the gut microbiota. It 
has recently proposed that the cause of some systemic disease, particularly liver disease, might be the disruption of the 
composition of the intestinal microbiota by orally derived periodontal pathogenic bacteria[153]. Due to the possibility of 
liver-related consequences and the translocation of oral bacteria and their toxins into the intestine, periodontitis may be 
especially concerning in patients with liver disease. Systemic endotoxemia, usually intestinal in origin, is linked to liver 
damage, liver disease development, and decompensation of cirrhosis[154,155]. Hence, the mechanisms linking period-
ontitis to viral hepatitis include periodontopathogenic bacteria, pro-inflammatory mediators and oxidative stress.

To sum up, there seems to be a bi-directional relation between periodontitis and certain liver diseases of viral origin. 
Additional research is necessary to determine whether there is a connection between the viral infection and other inflam-
matory markers found in the gingival fluid. This will allow us to better understand if patients with viral hepatitis who are 
already at risk of developing periodontal disease or those who are already at risk of developing periodontitis may express 
other biomarkers specific to the liver more frequently.

CONCLUSION
Although periodontitis is mainly a bacterial inflammation, several other modifiable and non-modifiable risk factors may 
play role in its initiation and progression. Viruses may take part directly through attacking the periodontal tissue and 
indirectly through increasing the vulnerability of the immune system and providing a higher chance for the colonization 
of the periodontopathic bacteria in the oral cavity. Further clinical, translational, experimental, epigenetic and epidemi-
ological research is needed to clarify the exact nature and extent of the role of viruses in periodontitis. This will positively 
affect the life of millions among healthy population and virally infected people with periodontitis.
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