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Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), a single-chain RNA virus with spike-
shaped proteins (S-proteins) binding to angiotensin-

converting enzyme 2 (ACE2), is the cause of a novel coro-
navirus disease known as COVID-19.1–3 Being highly 
transmissible, COVID-19 poses an extraordinary threat to 
human health and public safety, and the emergence of 
SARS-CoV-2 variants of concern (VOCs) has exacerbated 
the COVID-19 pandemic. Patients may present mild symp-
toms (e.g., fever, fatigue, and dry cough) to severe respi-
ratory and other organ failures.4 The rapid replication of 
virus may trigger a strong immune response. 

Considered the main cause of death in patients infect-
ed with SARS-CoV-2, hyperinflammation as a cytokine 
storm may result in acute respiratory distress syndrome 
(ARDS) and even respiratory failure.5 In addition, respira-
tory viral infections predispose patients to co-infections, 
leading to increased disease severity and mortality.6 Ac-
cording to the World Health Organization’s March 6, 2022, 
statement, more than 433 million people had been con-
firmed with infection, with 5.9 million deaths worldwide.7

Periodontal Disease 
and COVID-19

C L I N I C A L  F E A T U R E

By Zhaozhao Chen, DDS, MS, PhD; Laurie K. McCauley, DDS, MS, PhD; 
Purnima S. Kumar, BDS, MS, PhD; Hom-Lay Wang, DDS, MS, PhD

Abstract
As the gateway to the respiratory system, the oral cavity 

can play an essential role in SARS-CoV-2 invasion and 
transmission. Besides expressing high levels of angioten-
sin‐converting enzyme 2 (ACE2), the oral cavity can harbor 
viral particles in saliva, gingival crevicular fluid, and the 
periodontal pocket. Microbial and inflammatory associa-
tions closely link periodontitis and COVID-19. 

In this review, we summarize the reported oral manifesta-
tions of COVID‐19, its association with periodontal diseases, 
the plausible underlying mechanisms of microbial and 
inflammatory crosstalk between COVID‐19 and periodontal 
diseases, long COVID-19, and mitigation protocols during 
periodontal treatment.

Keywords: Covid‐19, SARS‐CoV‐2, inflammation, peri-
odontal disease, infection control, evidence-based dentistry.

Relationship between SARS-CoV-2 and oral cavity
In confluence with the upper respiratory tract, the oral 

cavity is one of the first places where the SARS-CoV-2 in-
teracts with the host. The oral mucosa and salivary glands 
express high levels of the viral receptor ACE2, which may 
predict potential SARS-CoV-2 infection routes and predis-
pose the oral cavity to infection and subsequent tissue 
damage.8,9 Moreover, cell proteins related to coronavirus 
invasion, e.g., transmembrane protease serine 2 (TM-
PRSS2), cathepsin, furin, are found in the oral epithelium.8 

The oral cavity harbors viral particles in saliva, gingi-
val crevicular fluid (GCF), and periodontal pockets. 
SARS-CoV-2 can enter the saliva by three routes: secre-
tions from upper and lower respiratory tracts, salivary 
glands, and gingival crevicular fluid (GCF).10,11 Early de-
tection of asymptomatic patients can contribute to the 
prevention of virus transmission. A salivary diagnostic 
test has been used for the early detection of SARS-CoV-2 
that can be self-collected without involving specialized 
health care personnel. When compared to nasal swabs, it 
has significantly contributed to the prevention of virus 
transmission by delivering faster test results with earlier 
detection of asymptomatic patients.12,13 

GCF is an inflammatory exudate consisting of serum, 
inflammatory mediators, immunoglobulins, and materials 
formed from tissue breakdown. GCF could be a possible 
mode of transmission of SARS-CoV-2. It has been reported 
that the detection sensitivity of SARS-CoV-2 in GCF and 
saliva are comparable.11 Within the periodontal environ-
ment, previous studies have shown that oral epithelial 
cells express not only ACE-2, but also CD-147, which has 
been suggested as a novel SARS-CoV-2 infection route.14 
Furthermore, the expression of CD-147 in gingival epithe-
lium has been found to be higher in cells harvested from 
patients with periodontitis.15 SARS-CoV-2 RNA has also 
been detected in dental biofilms from symptomatic COV-
ID-19 patients; hence, dental biofilms might be a potential 
reservoir in SARS-CoV-2 transmission.16

Oral manifestations of COVID-19
In COVID-19 infection, besides respiratory symptoms, 
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(Continued on Page 48)

Figure 1 — (a) Initial oral presentation and (b) Five weeks 
re-eval after Phase I periodontal therapy.

it has been reported that patients 
could present with a wide variety of 
oral manifestations.17–19 

Taste disorders. Taste disorders 
are commonly reported among pa-
tients infected with COVID-19. They 
present at a higher prevalence in the 
North American (53%) and European 
populations (50%) than with Asians 
(27%). Taste disorders show a signifi-
cant association with female patients 
and those with mild/moderate COV-
ID-19 infections.17 The exact mecha-
nisms remain unclear, but one theory 
is that viruses are able to invade cells 
on the dorsal surface of the tongue, 
which express high levels of ACE2. 
Subsequent inflammation may result 
in the loss of function of taste buds 
and dysfunction of supporting non-
neuronal cells in the mucosa.20

Oral mucosal lesions. Oral mucosa 
lesions associated with COVID-19 in-
clude blisters, ulcers, desquamative 
gingivitis, petechiae, and candidia-
sis.17 However, it remains uncertain 
whether these lesions are the direct 
result of virus infection or secondary 
manifestations, considering the pos-
sibility of coinfections, a weakened 
immune system, and adverse reac-
tions of medical treatment.6

Periodontal manifestations. Re-
garding periodontal manifestations 
of COVID-19, in a cross-sectional 
study including 33 COVID-19 positive 
patients (20 asymptomatic and 13 
with mild symptoms), 17 out of 19 pa-
tients presented with periodontal dis-
ease.11 However, it is unclear whether 
COVID-19 causes or exacerbates peri-
odontal disease. It should be noted 
that Patel and Woolley21 published a 
case report of necrotizing gingivitis 
in a SARS-CoV-2-infected patient. 
Without any other relevant medical 
history, this 35-year-old patient pre-
sented with bilateral submandibular 
lymphadenopathy, severe halitosis, 
generalized erythema and edema, ne-
crotic interdental papillae, and spon-
taneous gingival bleeding. The pa-
tient had a fever starting three days 

1a

1b

prior to any oral symptoms and was 
suspected of COVID-19 infection. 

Similar to this case, a 29-year-old 
female patient visited our clinic (Grad-
uate Periodontics Clinic, University of 
Michigan School of Dentistry) after 
her quarantine and reported that she 
had halitosis, bilateral submandibular 

lymphadenopathy, and severe gingi-
val swelling, pain, and bleeding start-
ing two days before her diagnosis as 
COVID-19 positive (with a mild symp-
tom of fatigue and shortness of 
breath). An oral exam (15 days post-
symptom onset) revealed the signs of 
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necrotizing periodontal disease and multiple periodontal 
abscess formation (Figure 1a, see Page 47). In this case, 
resolution of acute periodontal lesions (Figure 1b, see 
Page 47) was achieved following mechanical debridement 
and antibiotic regimen. 

Acute periodontal lesions, such as periodontal ab-
scesses and necrotizing periodontal diseases (NPD), of-
ten develop in patients with impaired host immune de-
fense.22 Given that the patients with COVID-19 exhibit 
dysregulated immune response and a higher quantity of 
Prevotella intermedia and Fusobacterium (bacteria that 
are highly associated with acute periodontal lesions), it is 
suspected that the etiology of these periodontal condi-
tions may be associated with bacterial co-infections in 
COVID-19 patients.23,24 In addition, psychological stress, 
insufficient sleep, isolation, and inadequate oral hygiene, 
as relevant predisposing factors for NPD, are commonly 
found in the COVID-19 pandemic and could have an im-
pact on or could solely explain these periodontal mani-
festations.

Association between COVID-19 and periodontal 
diseases

Periodontal diseases increase COVID-19 severity. 
Given the impact of periodontal diseases on systemic 
conditions, such as diabetes, cardiovascular diseases, 
preterm low-weight birth, Alzheimer’s disease, and can-
cer, it is reasonable to assume a possible link between 
periodontal diseases and COVID-19. The potential rela-
tionship between periodontal disease and COVID-19 has 
become of major interest.18,20,25,26 Recent case-control 
studies27,28 demonstrated a significant association be-
tween periodontal disease and COVID-19. Compared to 
the patients without COVID-19, the population of patients 
with COVID-19 have been found to have a higher propor-
tion of individuals with a mean plaque score ≥1 (odds ra-
tio: 7.01), gingivitis (OR: 17.65), mean clinical attachment 
loss ≥ 2 mm (OR: 8.46), and severe periodontitis (OR: 
11.75).27 

A higher rate of intensive care unit (ICU) admission, in-
creased need for assisted ventilation, higher mortality, and 
greater levels of biomarkers linked to worse COVID-19 out-
comes such as D-dimer, white blood cells, and C-reactive 
protein, have been reported in COVID-19 patients with peri-
odontitis (Stage II-IV) than periodontally healthy or initial 
periodontitis (Stage I).28 A cross-sectional study investigat-
ed UK Biobank participants (n=13,253), and showed that pa-
tients with painful or bleeding gum have a higher risk of 
mortality following COVID-19 infection.29

Possible mechanisms and patient management. Hy-
potheses for possible mechanisms explaining the associa-
tion of periodontal disease with COVID-19 risk and sever-
ity have been proposed, including shared risk factors 

(e.g., smoking and diabetes) between these two diseases, 
“refraining from dental visits” during the pandemic, and 
microbial and inflammatory associations.26 As a niche for 
microbial infection, the periodontal pocket may harbor 
both active and latent (inactive or dormant) SARS-CoV-2 
forms,30,31 and the presence of periodontal pathogens may 
increase the cellular entry of SARS-CoV-2 by facilitating 
the degradation of S-protein.25,26 In addition, ulceration of 
the gingival epithelium caused by periodontitis reduces 
the protection and increases the risk of virus invasion.30 

Following replication in the periodontium, the virus 
may transmit into the oral cavity and saliva or enter the 
periodontium blood vessels to reach distant organs.31 Cy-
tokines released in response to periodontitis could en-
hance the cytokine storm in severe forms of COVID-19.32 
As such, maintaining adequate oral hygiene and peri-
odontal health may be an important measure for the pre-
vention of COVID-19 and its complications. Given that 
periodontal therapy has been shown to reduce bacterial 
burden and serum inflammatory biomarkers, it may have 
a therapeutic effect on both periodontitis and COVID-19 
severity.

Another hypothesized mechanism is related to the aspi-
ration of periodontal pathogens, mainly occurring in el-
derly patients.25 Aspirated periodontopathic bacteria and 
other oral bacteria may increase ACE2 expression on the 
respiratory epithelium,33 stimulate the production of pro-
inflammatory cytokines and exacerbate lung inflamma-
tion,34 and promote decreased respiratory function and 
alveoli/bronchi epithelial barrier destruction by overpro-
duction of mucin.35 In this regard, hospitalized patients 
are more likely to require more meticulous oral health 
management. The oral examination in patients with COV-
ID-19, especially those in the ICU, should not be neglected. 

Long COVID-19. Post-acute sequelae of COVID-19 
(PASC; aka Long COVID) is characterized by long-term 
symptoms and/or complications after the onset of COV-
ID-19.36 Little is known regarding the association of PASC 
with periodontal disease. However, as studies link peri-
odontal disease with severity of COVID-19 and severity of 
COVID-19 links with PASC, further investigation is of in-
terest.15,28,33,37 Microbial findings from studies of the gut 
point to the potential for microbial dysbiosis in PASC, 
raising the question of what the microbial perturbations 
are in the oral cavity and whether the periodontal micro-
biome associates with PASC.38   

In a hospital-based study, the administration of bacte-
riotherapy/probiotics significantly reduced symptoms of 
fatigue associated with PASC.39 An elegant recent study 
utilized a deep multi-omic longitudinal investigation of 
COVID-19 patients to identify four PASC risk factors, 
which included type 2 diabetes, SARS-CoV-2 RNAemia, 
Epstein-Barr virus viremia, and particular autoantibod-



ies.40 They did not associate PASC 
with oral findings, but Epstein-Barr 
virus has been shown to be associat-
ed with periodontitis,41 as is type 2 
diabetes, rendering it plausible that 
periodontitis may also predispose in-
dividuals to PASC. This is an open 
question that future studies will need 
to clarify. In the meantime, clinicians 
need to be aware of the wide variety 
of symptoms associated with PASC, 
including fatigue, shortness of breath, 
chest pain, risk of thromboembolism, 
and neurologic and psychiatric com-
plications, and be prepared to treat 
these individuals safely and with 
compassion in a clinical setting.42

Mitigation protocols during peri-
odontal treatment. The SARS-Cov-2 
virus has a predominantly respiratory 
transmission through aerosol and 
droplets.43 The importance of infection 
control, such as patient screening and 
triage, hand hygiene, preprocedural 
application of mouth rinses, personal 
protective equipment (PPE), limitation 
of aerosol-producing procedures, and 
cleaning of potentially contaminated 
surfaces, is therefore crucial in mini-
mizing viral diffusion.44,45 Testing is be-
coming more straightforward and has 
value beyond the presence or absence 
of disease.46 Given the high probability 
of transmission from asymptomatic pa-
tients,47 it is necessary for us to pay 
close attention to the aforementioned 
oral manifestations in patients during 
dental visits to prevent nosocomial in-
fections.

Infection protection and control 
strategies for aerosol mitigation have 
been extensively reviewed before.48 
The most effective strategy is elimi-
nation and substitution (e.g., symp-
tom screening, preprocedural testing, 
preprocedural mouth rinses, line mi-
crobiota decontamination, high vol-
ume evacuation), followed by engi-
neering controls (air cleaning 
systems, surface decontamination, 
negative pressure room), and admin-
istrative controls and personal pro-
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oral hygiene and periodontal health may further contribute 
to the management and prevention of COVID-19. 
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Regarding PPE, the current recommendation for aero-
sol-generating dental procedures (such as ultrasonic 
scaling, implant osteotomy, and restorative procedures) 
includes the use of an N95 or equivalent mask or a mask 
in combination with a face shield. A full-sleeved cuffed 
gown with a back closure is recommended to minimize 
risk to dental health care providers.48 

As a primary source of microbial pathogens in aero-
sols, dental unit waterlines play a major role in infection 
control.51,52 Reducing microbial contamination in water-
lines is essential for lowering the aerosol microbial load 
and can be achieved by the use of filters, biocides (e.g., 
sodium hypochlorite, phenol), waterline flushing for a 
minimum of two minutes at the beginning of each day 
and at least 20 seconds between each patient, and emerg-
ing methods, such as nano-adsorbents, ionizing cur-
rents, and acoustic waves.48

Preprocedural mouth rinses with chlorhexidine gluco-
nate (CHX) are effective approaches to reduce the bacte-
ria load in aerosols.53 A four-arm randomized clinical tri-
al54 investigated SARS-Cov-2 viral load in saliva after 
60-second mouth rinses from symptomatic, asymptom-
atic, pre-symptomatic, and post-symptomatic patients 
with COVID-19. It showed that regardless of the types of 
mouth rinses (normal saline, 0.12% CHX, 1% hydrogen 
peroxide, or 0.5% povidone iodine), viral load was de-
creased by 61%-89% at 15 minutes and by 70%-97% at 45 
minutes after rinsing. 

During ultrasonic scaling, high-volume evacuation can 
reduce atmospheric aerosol by 80.7% to 94%. Air cleaning 
systems also contribute to the reduction of viral particles 
suspended in the atmospheric aerosol.48 In all, when stan-
dard infection control practices are adopted, such as 
mouth rinses prior to the procedure and intraoral high-
volume evacuation, the risk for transmission of SARS-
CoV-2 from aerosolized saliva in dental treatment of as-
ymptomatic patients is moderately low.51 

Conclusions
The COVID-19 pandemic has continued for more than 

two years, and SARS-COV-2 and its long-term effects will 
likely coexist with us for a long time. Understanding the as-
sociation between COVID-19 and periodontal diseases, the 
detection and management of the possible oral manifesta-
tions, and following strict clinical infection control is essen-
tial for providing dental care, both today and in a post-pan-
demic era. Assisting our patients in maintaining adequate 
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