
Introduction
Dating back to 2019 when the first coronavirus disease 2019 
(COVID-19) patient was encountered in Wuhan, China, 
the disease has made its presence felt by taking the form of 
a pandemic (1). Looking at the potential means of human-
to-human disease transmission, which is a secondary 
mode of transmission (animal-to-human is the primary 
one), droplet infection and surface contact (fomites) have 
been identified as the most common modes. However, the 
presence of the virus in urine and feces makes for potential 
feco-oral transmission as well; although none has been 
detected yet (2). Some other possible transmission routes 
include other bodily fluids and secretions such as saliva, 
tears, and semen, while vertical transmission has also been 
reported in rare instances (3).

Cytokines, which are used as a broad term for specific 
proteins released by immune and non-immune cells, are 
a group of auto-amplifying agents with either a pro- or an 

anti-inflammatory mechanism. From among the plethora 
of cytokines, interleukin-1 beta (IL-1β), IL-6, and tumor 
necrosis factor-alpha (TNF-α) are the most notorious 
agents that are identified to play the most substantial role 
in inducing inflammatory responses (4,5).

Although there is no documented definition, a cytokine 
storm, also known as cytokine storm syndrome, is 
identified as an uncontrolled and unregulated release of 
excessive cytokines into the bloodstream in response to 
various triggers, including malignancy, auto-immune 
disorders, infections, and the like (6,7). Once in action, 
a cytokine storm causes the disruption of not only the 
pathological agent but also the physiologic body functions, 
ultimately, leading to acute respiratory distress syndrome 
and multiple-organ failure, if not managed timely and 
adequately (7,8).

After entering the human body through angiotensin-
converting enzyme (ACE)-2 receptors, severe acute 
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Abstract
Coronavirus disease 19 (COVID-19) has taken the world by storm, affecting all age groups alike and 
presenting a plethora of signs and symptoms. Showcasing a high mortality rate, cytokine storm is 
identified as one of the most common culprits for death in affected individuals. In patients undergoing 
severe complications in the form of intubations and intensive care unit (ICU) admissions, increased 
cytokine levels have again been identified as a significant factor, indicating their substantial role in disease 
outcomes. Periodontitis, which is identified as a silent pandemic, is the most common oral disease that is 
found in individuals. The increased accumulations of plaques and calculus are the main causative agents, 
stimulating inflammatory cells in the periodontal tissue, leading to cytokine release. Individuals with the 
removable or fixed dental prosthesis are at increased risk of contracting fungal infections, which are 
also identified as increasing the cytokine levels and worsening an individual’s condition contracted with 
COVID-19. This review focuses on oral hygiene measures and scientifically proven aids that can be used 
by patients at home for reducing oral cytokine levels and the risk of COVID-19 related complications, 
thereby sensitizing them at a time when elective dental procedures are discouraged and patients are 
devoid of professional dental intervention. Mechanical removal of plaques and calculus cannot be 
substituted with auxiliary aids, but it is important that adjunct practices be adopted for efficient hygiene. 
Toothbrush hygiene should also be practiced to prevent disease progression and transmission. Adherence 
to these recommendations is not only required for healthy or infected individuals but also for viral infection 
recovered patients to avoid the possible risk of developing the black fungus infection.
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respiratory distress syndrome coronavirus 2 (SARS-
CoV-2) disrupts their function by inducing cytokine 
storm, which is identified as the most prevalent etiology of 
the COVID-19 patient being transferred to intensive care 
units (ICUs), finally leading to their mortality (Figure 1). 
ACE2 receptors are most abundantly present in the lungs, 
thus causing them the maximum damage (9).

While the focus for presence of ACE2 receptors in the 
lungs have been stressed upon, what is often ignored, and 
this may also act as a potential virus reservoir. Additionally, 
crevices and periodontal pockets provide a favorable niche 
for harboring and multiplication of the virus (10). 

Thus, the presented paper aims at identifying the 
potential association between periodontal inflammatory 
markers and COVID-19 related complications and 
measures that can be adopted in this regard.

Methods
The presented scoping review was performed following 
the 20-point checklist of Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis extension for 
Scoping Reviews (PRISMA-ScR) according to previous 
research (11). Electronic databases such as PubMed and 
Google Scholar were searched for articles published in the 
English language until May 2021 using a combination of 
keywords, including COVID-19, corona virus, cytokines, 
cytokine storm, COVID-19 complications, periodontal 
inflammatory markers, oral rinses, COVID and 
periodontal disease, and periodontal health. Controlled 
trials, case series, and case reports were included in this 
review study. However, papers published in languages 
other than English, review papers, and published literature 
not highlighting the role of cytokines in COVID-19 or 
the role of different oral hygiene agents in controlling 
periodontal inflammatory markers were excluded from 
this review.

COVID-19 and Periodontal Health
According to the 4th edition of the glossary of periodontal 

terms, periodontitis, which is identified as a silent pandemic, 
is defined as “inflammation of the supporting tissues of 
the teeth” (12). Plaques and calculus play a significant role 
in stimulating crevicular cytokine production (Figure 2). 
In addition to the increased amount of plaque and calculus 
deposits (in most cases) and increased bacterial load, 
periodontitis shows increased levels of inflammatory 
cytokines such as IL-1β, IL-6, IL-10, IL-12, interferon 
gamma (INF-γ), and the like. All these mediators, in turn, 
lead to soft and hard tissue destruction, which is often 
difficult to regenerate by regular treatment strategies 
(13). The increased levels of these cytokines eventually 
enter the bloodstream, inducing systemic functions by 
affecting the vascular system (14). Thus, as previously 
elucidated, there is enough evidence to indicate that 
COVID-19 infections follow a similar pathway as found 
during periodontal degeneration, thereby enhancing the 
chances of developing complications related to COVID-19 
in individuals with the existing periodontal ailments and 
tested positive for COVID-19. In further support, the 
increased amounts of IL-6 have also been identified as a 
predictor of the development of respiratory illness and 
the need for ventilation (15). Further, the oral cavity is a 
potential reservoir of respiratory pathogens that aggravates 
the chances of a patient with poor periodontal status to 
develop community-acquired pneumonia (16).

Galectin-3 (Gal-3) is another pro-inflammatory 
mediator that is present in varied types of cells and has 
a structural similarity to spike the protein of COVID-19 
which is essential for virus entry into the cell (17). The 
disruption of Gal-3 has been shown to decrease the 
levels of previously mentioned inflammatory ILs, thereby 
decreasing the complications.

In their case-control analysis, Marouf et al (18) found 
that patients, who tested positive for COVID-19 and had 
periodontitis, showed a higher incidence of developing 
COVID-19 related complications such as requiring ICU 
admission (odds ratio [OR] = 3.54, a 95% confidence 
interval [CI] = 1.39-9.05), needing assisted ventilation 
(OR = 4.57, 95% CI = 1.19-17.4), and death (OR = 8.81, 
95% CI = 1.00-77.7). They also recorded an increased 
level of C-reactive protein (CRP), white blood cells, 
and D-dimer in these patients, further confirming their 
hypothesis of COVID-19 complications and periodontitis 
association. Likewise, Larvin et al reported a link between 
the increased risk of contracting COVID-19 infection 
in patients with periodontal complaints such as loose 
teeth, painful, and bleeding gums (19). In another study 
by Kamel et al (14) on COVID-19 recovered patients, a 
significantly strong inverse correlation was found between 
oral health and the severity of COVID-19 complications 
(P < 0.001, r = -0.512). They also reported similar results 
while comparing oral health with the required recovery 
period post COVID-19 infection and CRP levels (P < 0.001, 
r = -0.449 and P < 0.001, r = -0.190, respectively). 

Periodontitis not only increases the mentioned 
inflammatory mediators but also acts as a risk factor for 

Figure 1. SARS-CoV-2 Leading to Cytokine Storm. Note. ACE-2: 
Angiotensin-converting enzyme; SARS-CoV-2: Severe acute respiratory 
distress syndrome coronavirus 2.
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patients with hypertension, diabetes, and cardiovascular 
diseases, which are comorbidities that put individuals 
at a higher risk of COVID-19 complications (16,20,21). 
The raised CRP and other cytokine levels observed in 
the periodontitis patient not only put them at the risk of 
developing COVID-19 complications but can also form 
the basis of pathologic entity known as a persistent post-
COVID-19 syndrome or long COVID-19 detected in 
recovered patients (22). With strong scientific evidence 
correlating pre-existing periodontitis to COVID-19 
complications, it is important that stringent oral hygiene 
practices be followed so that to minimize the potential 
complications of the viral infection if contracted. Though 
presenting milder symptoms, cases of COVID-19 infection 
have been reported in individuals less than 18 years of age. 
Even in this age group, cases of critical morbidities have 
been reported, and thus it is important that good oral 
hygiene practice for children be ensured by the elders of 
the family (23,24).

In patients with dental implants, though it has been 
hypothesized that due to the absence of periodontal 
ligament cells around implants, IL-1 levels are lower 
in the peri-implant area compared to a healthy tooth 
gingival crevice, contrasting results have been put forth as 
well (25,26). Either way, it is evident that the concerned 
inflammatory markers are present in the peri-implant 
pocket and can be raised in the case of irritants. Therefore, 
it is important that extra efforts be made to keep the area 
clean and free of deposits. Moreover, maintaining oral 
hygiene with extra attention is important for patients 
using either partial or complete removable dentures or 
those with any form of fixed dental prosthesis other than 
implants as these factors increase the risk of deteriorated 
oral hygiene and deposits if not catered properly (27,28).

COVID-19 and Oral Fungal Infections
Candida albicans is a commensal of the oral cavity, 
the superficial infections of which are not restricted to 
immunocompromised hosts but are also commonly 
encountered in healthy individuals (29). Some in vitro 

studies involving C. albicans cultured on human oral 
epithelial cells collected from unstimulated saliva have 
shown the increased presence of pro-inflammatory 
markers and cytokines further adding to the gravity of 
COVID-19 complications (30-32). Oral fungal infections 
are encountered with an increased frequency in patients 
taking broad-spectrum antibiotics or those under 
corticosteroid therapy (29).

Although corticosteroid therapy is universally followed 
for all COVID-19 patients because of showing anti-
inflammatory effects and reducing mortality, it further 
puts them at the risk of contracting fungal infections 
either during a hospital stay or post recovery (33). The 
presence of the mucormycosis (black fungus) infection 
involving the palate, paranasal sinuses, and orbital cavity, 
requiring extensive surgical treatment in COVID-19 
recovered patients, has been increasingly reported by 
clinicians and surgeons in recent times (34-36). Recently 
concluded phase II trials have also indicated the use of 
inhaled budesonide in cases of mild COVID-19 infections 
(steroids in COVID-19) to decrease the likelihood of 
urgent medical care and hasten the patient’s recovery 
(37). The Indian Council of Medical Research has also 
recommended the drug’s use via a metered-dose inhaler 
or dry powder inhaler if the symptoms persist beyond 
5 days (38). The increased chances of orofacial fungal 
infections in the form of candidiasis and mucormycosis 
with the use of corticosteroids have been well documented 
in the literature and thus call for reinforced oral hygiene 
measures (39,40).

Oral Hygiene Measures
Mechanical Plaque Control
Mechanical cleaning of the oral cavity remains the most 
effective mainstay for reducing oral tissue inflammation 
by decreasing plaque and calculus accumulation. The 
shutdown of elective dental procedures in the current 
pandemic situation deprives the patients of professional 
oral prophylaxis and thus stresses home care measures that 
can be adopted by individuals (41,42).

Figure 2. Role of Plaques and Calculus in Stimulating Cytokines and Leading to Periodontal Destruction.
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It is important that proper brushing techniques be 
followed to achieve effective cleaning. Among the various 
toothbrushing methods, the modified bass technique 
remains the most widely advocated method for adults 
by dental professionals, while the Fones method is 
popularized for the pediatric age groups (43). The use of 
powered toothbrushes should be encouraged in patients 
with a lack of manual dexterity and children who often 
avoid proper brushing of their teeth. These brushes 
show equal effectiveness in plaque removal as manual 
toothbrushes (44). Soft bristle toothbrushes and toothpaste 
should be employed twice a day for cleaning the teeth, 
investing two minutes at each time (45). Irrespective of the 
applied brushing method, it should be ensured that labial/
buccal, lingual/palatal, and occlusal surfaces are touched 
while cleaning all surfaces of the tooth. The cleaning of 
interdental areas using dental floss or interdental brushes 
or end-tufted brushes and tongue cleaning should be 
stressed as well (46). Plaque disclosing agents can also be 
used by patients for better visualization and removal of 
plaques (47). Moreover, plaque-identifying toothpaste is 
now available aiding in enhanced plaque removal and CRP 
level reduction (48).

A home care oral irrigation device, also known as 
a water flosser or dental water jet, is a high-pressure 
irrigating device that helps in the efficient cleaning of 
interdental and subgingival areas that is otherwise difficult 
with regular mechanical methods. The use of the device 
along with regular oral hygiene measures has been shown 
to significantly improve periodontal health by reducing 
inflammatory markers (49). The use of a water flosser in 
addition to manual toothbrushing has been reported to be 
more effective in plaque control compared to string floss 
as an adjunct (50). Even a single-time use of the device 
has been found to reduce plaque scores by 89.09% in 
comparison to a reduction of 87.23% with the use of floss 
(51). The effectiveness of the irrigation device is further 
enhanced when employed with the 0.06% chlorhexidine 
(CHX) solution (52).

Toothbrush Care and Recommendations
Toothbrushes are a known niche for bacterial and viral 
colonies and can act as the potential source of re-infection 
in recovered patients (53). Thus, they should be properly 
handled and cleaned to avoid cross-contamination and 
infection spread.
• The toothbrush should be regularly changed after 3 

months. If the bristles start flaring before the intended 
duration, then, it should be changed earlier as frayed 
bristles trap more microorganisms (45,53).

• In case of the development of any COVID-19 
associated symptoms or awaiting test results of the 
real-time polymerase chain reaction test, one should 
discontinue the use of the current toothbrush and 
opt for a new one; a new toothbrush should again be 
opted for post recovery.

• Patients with active COVID-19 infections should 

keep their toothbrushes separate from those of other 
inhabitants in case of a common usage place.

• Toothbrushes should not be stored in the bathroom or 
closed containers; they should be dried before storing 
as wet bristles harbor more organisms (54).

• They should be stored far enough from the sink 
to avoid the splashes of soap and water from hand 
washing and as far as possible from the toilet and sink. 
In case of limited space, they should be placed at least 
4 feet from the toilet bowl and far enough from sink 
splashes (55).

• In the case of multiple people using the same storage 
container, no two toothbrushes should touch each 
other.

• Some liquids have been proven to be equally effective 
in the disinfection of toothbrushes, including 0.2% 
CHX, 0.1% sodium hypochlorite, 3% hydrogen 
peroxide, 0.05% cetylpyridinium chloride, Listerine, 
and 62%-71% ethanol (56-59). After use, the 
toothbrush should be thoroughly rinsed with water 
to remove any visible debris and remaining paste and 
placed in the disinfectant for 20 minutes, and then it 
should be stored in a container in an upright position 
for air drying (45). Chloroxylenol (DettolTM) is also 
effective with reduced efficiency (56). 

Oral Rinses
The rinsing of the oral cavity using mouthwashes is one of 
the simplest adjunctive methods to control inflammatory 
mediator levels. A wide range of oral rinses have been 
studied in the literature serving the purpose of reducing 
inflammatory markers; however, each of them has certain 
limitations and thus needs to be selected based on an 
individual’s need. Popularly used mouthwashes include 
CHX (60) and povidone-iodine rinse (61). Other agents 
with potential use are 1.5% hydrogen peroxide (H2O2) 
rinse (62,63), turmeric rinse (64-66), simvastatin (SMV) 
mouthwash (67), and essential oil mouthwash (68,69). 
Further details about these mouthwashes are mentioned 
subsequently.

Chlorhexidine 
A popularly used cationic substance, CHX, has been 
confirmed to be effective in the reduction of all previously 
mentioned inflammatory markers present in the gingival 
crevicular fluid, thereby acting as an effective adjunctive 
agent for plaque control (60). This can be due to the 
broad-spectrum effectiveness of the agent, along with high 
substantivity, providing a longer duration of anti-plaque 
activities (70). In a comparative analysis by Sharma et 
al, a highly significant decrease was noticed in IL-2 and 
INF-γ levels with the use of CHX mouthwash (P < 0.000). 
A significant decrease in their levels was also found with 
the use of povidone-iodine (P < 0.001) and essential 
oil mouthwashes (P < 0.013) (71). Similar results were 
reported in another study, indicating that curcumin-based 
mouthwash is equally effective in this regard (72). In 
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addition to the anti-bacterial effects, CHX has anti-fungal 
and anti-viral properties (73).

Recommendations for CHX Rinse Use
CHX tends to chemically react with sodium lauryl 
sulphate and sodium monofluorophosphate, as two 
commonly encountered constituents of toothpaste. This 
reaction leads to a decrease in the efficacy of the oral rinse, 
and thus it is recommended to delay its use for at least 30 
minutes post toothbrushing, whereas delaying its use by 2 
hours completely neutralizes sodium lauryl sulphate and 
represents complete efficacy (74,75). Additionally, 15 mL 
rinse of 0.12% CHX containing 18 mg dose and 10 mL 
rinse of 0.2% CHX consisting of 20 mg dose are the two 
most commonly available concentrations; nonetheless, the 
former is the preferred concentration because of the dose-
dependent staining by CHX and is also the food and drug 
administration approved composition (74,76). Due to the 
lack of human safety data on the CHX rinse in pregnant 
and lactating females, its use should be avoided if the 
benefits do not outweigh the risk (77). Varying amounts of 
altered taste perceptions have been observed with the use 
of the CHX rinse, thus it is advised not to continue its use 
for a long duration; however, no published literature has 
yielded numerical values of this duration (70,78).

Povidone Iodine (PVP-I) Rinse
PVP-I, also known as betadine, is a halogen-based 
compound with an activity against a broad range of 
pathogens, including fungi and viruses. This vast range 
of the action, including the one against the oral biofilm, 
makes it a useful agent for decreasing oral inflammatory 
markers (61). Different concentrations of the formulation 
are available to be used as an oral rinse (63). According to 
the results of in-vivo studies, 0.23% concentration could 
reduce the levels of the SARS-CoV-2 virus and have an 
in-vitro efficacy equivalent to that of 70% ethanol (79). A 
10% solution of PVP-I, which is equivalent to 1% available 
iodine, has been included in the list of essential medicines 
by the World Health Organization (80). Long-term studies 
have revealed that 0.1% concentration is equally effective 
in improving the periodontal status (61,81). There has 
been no report on the detrimental effect of the rinse on 
thyroid function; however, there might be incidences of 
teeth and mucosa staining, taste alteration, and rarely 
allergic reactions (61,82). The use of the rinse can be 
safely employed for both adults and children. A 10% 
concentration is mostly preferred for use, and the gargle 
should be expectorated after rinsing rather than being 
swallowed (61). Approximately 9 mL of the rinse should 
be utilized at one time for rinsing (83).

Other Oral Rinses
The use of 1.5% H2O2 rinse stabilized with erythritol 
and glycerin for reducing gingival inflammation has 
been reported to be equally effective or slightly lesser 
efficient than CHX and have anti-bacterial, anti-viral, 

and anti-plaque effects (62,63), helping in reducing the 
inflammatory markers. The chemical agent has oxidizing 
properties that help in controlling dental plaques without 
causing damage to adjacent tissues (84). A combined 
formulation containing 0.12% CHX and 1.5% H2O2 has 
been demonstrated to be more palatable compared to the 
individual use of the former without causing any fall in 
anti-bacterial properties, while the sequential use of the two 
agents has also represented satisfactory results in reducing 
plaque deposits (85,86). Furthermore, a 3% concentration 
of H2O2 can be effectively used, but percentages beyond 
the mentioned one should not be utilized in this regard 
(83). It is advisable to take 10-15 mL of solution at a time 
for the thorough rinsing of the oral cavity at a time (83).

Turmeric, which is derived from Curcuma longa, has 
been employed in Indian and Chinese traditional medicine 
and is found to have anti-inflammatory, anti-bacterial, and 
anti-oxidant properties (87). Based on reports, the use of 
0.1% turmeric mouthwash is equally efficacious to the 
0.2% CHX rinse in controlling plaque accumulation and 
reducing plaque and gingival index (PI and GI) scores 
(64-66). In-vitro studies have confirmed the activity of the 
agents against fungal species as well; however, there is no 
evidence of the human in-vivo application in this respect 
(88,89).

Statins, commonly applied cholesterol-reducing systemic 
agents, have shown viable results in reducing the virus 
entry into the host cell. When used for the management 
of periodontal diseases, they represent positive results in 
reducing periodontal pathogens. It should be noted that 
1% SMV mouthwash is the most frequent concentration 
employed for oral rinses (67). The solution can be made 
by dissolving a 20 mg tablet of SMV in distilled water; 
however, additive flavoring agents might be required due 
to a non-palliative taste. Varying concentrations of SMV 
in the range of 0.6%-1.8% and its combination with CHX 
have revealed favorable results in periodontal assessment 
parameters such as bleeding on probing and probing depth, 
along with a reduction in inflammatory cytokines (90). In 
addition, 1.2 mg SMV has been reported to reduce raised 
periodontal IL-6 levels (91); further, SMV is available in 
gel form and has equally efficacious results (92).

Listerine® mouthwash, which contains essential oils, is 
an easily available over-the-counter agent that is found to 
be effective in reducing plaque deposits and CRP levels 
(68,69). Alcohol-containing mouthwashes have anti-
inflammatory, anti-bacterial, anti-fungal, and anti-viral 
characteristics; however, the range of their disadvantages 
discourages their use (70,93).

Topical Gels
Based on the findings, 1% weight/weight (w/w) CHX gels 
and 10 mg metronidazole gels or a combination of the 
two gels could significantly reduce plaque accumulation 
subsequently reporting reduced values for assessed GI 
after 6, 12, and 24 weeks of regular use (94). However, 
there are reported incidences of altered taste and tooth 
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discoloration after the use of CHX-based gels. The results 
of another study comparing the efficacy of 4 different gels 
(curcumin-, CHX-, PVP-I-, and metronidazole based gels) 
in reducing gingivitis showed an insignificant difference 
with respect to plaque index scores; however, a substantial 
reduction in GI scores was reported with CHX gels after 3 
weeks of use (95).

Limitations
The presented work is a scoping review based on the 
preliminary studies conducted in the field of the impact 
of oral health on potential complications of COVID-19 
infections and the measures patients can take to maintain 
and improve their oral health when elective dental care 
is inaccessible. A scoping review only points towards the 
measures that should be taken and help guide towards 
a path for further research. Thus, it is encouraged to 
undertake more clinical studies and conduct a systematic 
review of the same type so that to obtain conclusive 
scientific evidence in this regard.

Suggestions and Conclusion
•	 While no measure other than following precautions 

in the form of using masks, sanitizer, and maintaining 
social distancing can reduce the risk of contracting 
the COVID-19 infection, it is important that strict 
oral hygiene be maintained to reduce the risk of 
complications associated with the contraction of the 
viral disease.

•	 Increased oral cytokine levels put the patient at the 
risk of COVID-19 complications if not only restricted 
to patients with compromised health but extend 
to patients with any kind or removable or fixed 
prosthesis, including dental implants.

•	 Use of interdental cleaning aids, mouthwashes, 
or topical gels should be adopted as an adjunct 
to toothbrushing rather than considering it as a 
substitute for plaque control.

•	 CHX is the gold standard agent and should be 
preferred unless contraindicated.

•	 Although 9 mL of 10% PVP-I is an effective oral rinse, 
there may be rare instances of allergic reactions and 
thus should be given due notice by the user.

•	 Overall, 15 mL of 1.5% H2O2 is an effective substitute 
for CHX for patients who are intolerant to the latter.

•	 Use of alcohol-based rinses should be avoided because 
of their potential side effects.

•	 While using any type of mouthwash, at least 1 minute, 
equally divided between the rinsing of the oral cavity 
and the back of the throat, should be devoted at a time.

•	 A water flosser is an effective interdental cleaning aid 
the use of which should be encouraged and brought 
into day-to-day oral hygiene practices.

•	 Stringent oral hygiene should not only be followed to 
avoid COVID-19 complications but also should be 
adhered to even post COVID-19 recovery.
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