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ABSTRACT: 
Chronic inflammations are increasingly considered as a potential trigger for COVID-19 disease. Infectivity activation of different 
inflammatory cascades of the host and dysbiotic events by chronic periodontitis negatively affects oral mucosa, bone, and all 
other periodontal tissues and could have systemic implications. Any chronic infection of the oral cavity like periodontitis is a 
constant potential source of infection and a separate risk factor for various systemic diseases like diabetes, CVS, respiratory 
diseases, etc. These preexisting systemic diseases have been widely associated with the progression of severe  COVID -19 
disease and it’s ill effects. Since systemic health was affected by inflammatory cascades, dysbiotic factors, and comorbidities, 

these possibilities also related to the periodontal status of the patients which ultimately considered the risk of complication of 
COVID-19 disease. However periodontal status like PPD, CAL, etc has not been reported yet. Only based on oral dental and 
medical history is taken from the COVID-19 patients we reached on the conclusion that chronic periodontitis and COVID-19 
disease relation could help us for identifying the risk groups and for the establishment of pertinent recommendations. By 
identifying these risk groups of chronic periodontitis with underlying systemic diseases we can control the CFR among COVID-
19 patients. 
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INTRODUCTION: 

Chronic periodontitis is an chronic infectious 

inflammatory disease mainly caused by the bacteria’s 
present in the dental plaque, leading to the progressive 

destruction of the supporting tissues of the tooth (i.e. 

gingiva, cementum, periodontal ligament and alveolar 

bone)1. Periodontal disease is characterized by the 

periods of exacerbation interspersed with the periods of 

remission and presents a local microbial burden which 
initiates local inflammation and destruction of that 

tissue locally. Periodontal diseases are a group of 

chronic inflammatory diseases including gingivitis and 
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periodontitis.2According to World Health Organization 

severe periodontal disease which may result in tooth 

loss, is very common and it affect almost 10 % of the 

global population.3.According to F.D.I. almost 11 % of 

population affected by the severe periodontal disease 

globally.4 Various risk factors like poor oral hygiene, 
stress, aging, alcohol consumption, depression, tobacco 

chewing, smoking and numbers of systemic diseases 

such as diabetes mellitus, respiratory diseases, 

peripheral arterial diseases, obesity, pregnancy and  

cardiovascular diseases have relation with periodontal 

diseases.
5Some of these conditions may in turn 

increases the incidence and severity of periodontal 

disease by modifying the body’s  immune response to 

periodontal plaque bacteria’s and their by products.6 

Common bacterial pathogens associated with the 

chronic periodontitis are Porphyromonas 

gingivalis,tenerella forsythia and treponema denticola 
(red complex bacterias),but more pathogenic bacterias 

like provetella species, Aggregatibactor 

Actinomycetecomitans  etc. Evidence showed a bi-

directional relationship between periodontitis and 

systemic diseases. The possible mechanisms or 

pathways linking oral infections to secondary systemic 

effect are: metastatic spread of infection from the oral 

cavity as a result of transient bacteremia , metastatic 

injury from the effect of circulating oral microbial 

toxins, and metastatic inflammation caused by 

immunological injury induced by oral 
microorganisms.7Host factors such as  nutritional diet 

and immune response are the determinant by the 

emergence and persistence of microbial dysbiosis which 

ultimately lead to the growth of these pathogens and 

their virulent toxins in chronic periodontitis8.This 

Chronic periodontitis disease which is a continuous 

inflammatory condition increases the Case Fatality rate 

(CFR) among COVID-19 patients. 

The outbreak of corona virus disease 2019 (COVID-19 

) in the region of Wuhan, China has evolved rapidly in 

to public health crises and spread rapidly to other parts 

of the world9.The novel corona virus belongs to a 
family of single stranded RNA viruses known as 

Coronaviridae.10 This family  of viruses are known to 

be zoonotic in origin means transmitted from animal to 

humans. These include severe acute respiratory 

syndrome corona virus (SARS-CoV),first identified in 

2002 and Middle East Respiratory Syndrome corona 

virus (MERS-CoV),first identified in 2012.11.Since the 

published genome sequence for this novel corona virus 

has a close resemblance with other beta-corona viruses 

such as SARS CoV and MERS-CoV ,the corona virus 

study group of International Committee on Taxonomy 
of Viruses has given its specific name as SARS CoV-

2,even though it is popularly COVID-19 virus.12On 

30th January 2020,the World Health Organization 

(WHO) declared the outbreak of SARS CoV -2 and its 

associated disease  COVID-19 a public health 

emergency and on March 11,declared it as 

pandemic.13The SARS CoV-2 virion is crown shaped 

with a diameter of  50-200 nm ,having four structural 

proteins :spike (S), envelop (E),membrane (M) and 

nucleocapsid (N).The S and M proteins are responsible 
for viral envelope generation and the N protein carries 

the RNA genome (30kb).Oral mucosa and nasal mucosa 

are the primary contact epithelium through which 

SARS CoV-2virus enters the host cells.14Oral mucous 

membrane has three epithelium namely oral epithelium, 

sulcular epithelium and junction epithelium through 

which virus enters the gingival crevice and periodontal 

pockets in periodontal diseases. Intact epithelium is a 

primary barrier who prevent the entery of any type of 

antigen which may be virus or bacteria,whenever there 

is breach in above said epitheliums due to chronic 

disease like periodontitis it becomes very easy to the 
spike protein (S) which is glycoprotein in nature that 

facilitates SARS COV-2 attachment, fusion, entry and 

transmission in to the host cells by binding with human 

angiotensin converting enzyme 2 (hACE2) receptors, 

which are expressed by epithelial cells of the oral 

mucosa, nasal mucosa, lungs alveoli, intestine , kidney, 

blood vessels etc15.Due to SARS CoV-2 virus 

penetration there is increase in gingival crevicular fluid 

secretion flow inflammatory cytokines levels increased 

in GCF and antibodies against SARS CoV-2 virus 

levels also raised in GCF. 
According to WHO situation report July 7, 2020 

globally 1,19,64,505 cases and 5,46,964 ( 4.6%) deaths 

and recovered 69.12,820 (57.8%) cases reported, In 

India total cases 7,44,006,deaths 20,653 (2.8%) and 

4,57,058 (61.43%) recovered from COVID-19 disease 
16, and this numbers continues to increase, therefore 

measures for prevention, identification and management 

must be in place for appropriate mitigation of further 

spread. Worldwide of all infected patients, only a small 

percentage of patients developed critical state, 

considering the presence of any comordity or condition, 

which can be diabetes, hypertension, obesity, asthma, 
pregnancy, lung diseases liver diseases, oral dysbiosis, 

aging and gender.17Case Fatality Rates are the total 

number of cases and the total number of deaths from 

COVID-19 disease outbreak. The overall case fatality 

rate (CFR) among COVID-19 patients increased in the 

presence of a preexisting systemic condition, such as 

cardiovascular disease(CFR,10.5%),diabetes 

(7.3%),chronic respiratory disease (6.3% ),hypertension 

(6 %) and cancer (5.6 % ).18The data was also indicative 

of  an age related trend in CFR, which revealed patients 

aged 80 years or above had 14.8 % CFR,70-79 years of  
age had an 8 % of CFR. Also no fatal cases were 

observed in patients aged 9 years or younger. These 

findings have been referenced by the American 

Association of Clinical Endocrinologists and by the 
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American Diabetes Association in their COVID-19 

recommendations for diabetic patients.19 

This review article proposes to evaluate why chronic 

periodontitis is a risk factor for developing severe 

COVID-19 illness because of above shared risk factors 

and lead to increased Case Fatality Rate (CFR) among 
COVID-19 patients. 

 

Hypothesis : Relation of fhronic periodontitis disease 

with systemic diseases and their combined impact on 

the Case Fatality Rate (CFR ) among COVID -19 

diseased patients: 

Chronic periodontitis disease could be related with the 

case fatality rate (CFR ) among severe COVID-19 

illness.On the basis of oral dental and medical history 

taken from the chronic periodontitis patients could be a 

characteristic to identify a risk group to severe COVID-

19 fatalty rate.The suggested relationship between 
chronic periodontitis and CFR in severe COVID-19 

illness could be connected to closely shared risk factors 

among these affections. Most of the risk factors which 

are reported in COVID-19 disease patients are.also 

aggrevates the development of chronic periodontitis 

disease. Till now only information on the basis of oral 

history taking but no periodontal status of severe 

COVID-19 patients yet recorded. 

 

Assessment of Hypothesis : 

Examining some of these evidences from another angle, 
it may be reasonable to assume that periodontal 

infections could influence the overall health and the 

course of some systemic diseases. In fact there is 

accumulating evidence that this may be the case that 

effect of periodontal diseases may have adverse effects 

on cardiovascular diseases  (atherosclerosis, 

hypertension, myocardial infarction, stroke, coronary 

artery diseases), smoking or tobacco abuse (oral cancer 

and lung cancer), chronic respiratory diseases (COPD, 

Bronchiectases) genitourinary tract infections ( chronic 

kidney diseases), diabetes mellitus etc.  

As the periodontal disease is generally slowly 
progressing, with age the chronic disease of supporting 

structure of tooth and their prevalence has continuously 

increasing. The three pathways for dental infection 

resulting in systemic dissemination were proposed by 

Appleton 8 in 1944 : A).Metastasis of the infectious 

organism by active transport in blood vessels or 

lymphatic channels. B). Passive diffusion into the blood 

or lymph enabling the bacterias to reach the most 

remote areas of the body. C). The products of Bacterial 

autolysis may in turn to be a potential allergen 

dispersing into the blood or lymph. The possible routes 
of infection from periodontal pockets : 1). Lymph and 

Blood 2). Direct extensions within the tissue 3). 

Aspiration and Swallowing of the infective organisms 

enabling passage through pulmonary tract and GIT 

(gastrointestinal tract) respectively .All these studies 

showed that chronic periodontal  disease may  lead to 

the development of these above said chronic systemic 

diseases which ultimately leads to increase in  overall 

Case  Fatality Rate (CFR) among COVID-19 Patient. 

 
Aging: Aging is a continuous process that causes 

various degenerative changes at cellular level and 

sometimes leads to the development of various diseases 

that can be autoimmune ,infectious and inflammatory 

including chronic periodontitis. According to WHO 

elderly population are most commonly affected by 

chronic periodontitis disease because they have 

additional risk factors during their life time like poor 

oral hygiene habits, presence of some other chronic 

systemic diseases, use of different medications 

,environmental factors like smoking and not taking 

timely dental treatment ,that causes the increased  
accumulation of dental plaque  and  leads to alteration 

in gingival microbiota ,which ultimately leads to the 

development of periodontitis disease. This periodontitis 

disease can lead to the complications on various 

systemic conditions 20.People above 65 years are at 

higher risk group for severe COVID-19 illness. SARS 

CoV-2 virus very easily attack these age groups because 

immunity level of these age groups are lowered as 

compared to young adults. So the Case Fatality Rate is 

higher in people above 65 years.21 Therefore, it is clear 

from above discussion that aging is a most determining 
risk factor in linking periodontitis and severe COVID -

19 illness since they share the associated risk factors 

that can lead to complications and increases the CFR. 

Thus allows to identify this risk group to severe 

COVID-19 illness. 

 

Gender : 
Interestingly ,different studies have showed that 

periodontitis has a documented higher prevalence in 

males  ( 57%) compared to females (37%).It was 

proposed that differences in immune function could be 

involved, moreover ,probably behavioral and 
environmental factors could have an important role to 

explain the differences in gender ,but this is not proven 

yet22.It was documented that males are more prone to 

become seriously fatal by COVID-19 disease than 

females. Thus ,chronic periodontitis could show the risk 

of COVID -19 illness, considering its association with 

gender and possible immunological status. 

 

Diabetes Mellitus : 

Diabetes Mellitus (DM) is a chronic disease that leads 

to increased abnormal level of glucose in blood 
(hyperglycemia).Around 10% of cases are of type- 1 

DM23 , where the host immune system attacks the cells 

that produce insulin and destroy them. The remaining 

90% of cases are type-2 DM, where either the body 
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does not produce the enough of insulin or the cells at 

absorption level of glucose showed lower response to 

insulin (insulin resistance).There is significant  

bidirectional relationship between chronic periodontitis 

and diabetes mellitus.
24

In fact ,aggressive periodontitis 

is recognized as the sixth complication of diabetes 
according to Loe who concluded that both type 1 and 

type 2 diabetes are predictor of periodontal disease. The 

proposed mechanisms to understand this bidirectional 

relationship include alteration in vascular cellular and 

host repair processes. 

      Various studies supports an association between 

severe COVID-19 illness and diabetes mellitus, This is 

supported by chest x-ray and computed tomography 

(CT) such as ground glass opacities are typically found 

in chest and other clinical parameters that state 

alterations in diabetic patients. Many studies showed 

that severe COVID-19 diseased patients may have 
affected expression of the angiotensin -converting 

enzyme 2 (ACE 2) in the lungs. This ACE 2 receptors 

are present in large numbers in diabetic patients than in 

non diabetic patients due to treatment with ACE 

inhibitors and angiotensin 2 type 1 receptors blockers 

(ARBs)25.In both chronic  periodontitis and severe 

COVID-19 diseased patients the response of immune 

system is compromised  by various external, internal 

and host factors.26As diabetes is a strong predictor of 

periodontal disease and severe COVID-19 disease ,so 

diabetes could be useful to identify risk groups of 
COVID-19 diseased patients and leads to increased 

CFR among these diabetic patients. 

 

Atherosclerotic Cardiovascular Diseases And 

Hypertension :  Atherosclerosis is the thickening of the 

lumen of the artery wall due to the accumulation of 

calcium and fatty triglyceride materials that form 

plaques which made the artery wall more stiff and hard. 

Atherosclerosis can lead to angina ,myocardial 

infarction, strokes or aneurysm depending on location 

and complications. Together, cardiovascular diseases 

are the number one cause of death globally.27 An 
estimated 17.9 million people died from CVDs every 

year, representing 31% of all global deaths.28  Of these 

deaths,80% are due to coronary heart disease (eg heart 

attack) and cerebrospinal diseases (eg strokes ) and 

mostly affect low and middle income countries. 

Bacteria, central to the initiation and progression of 

periodontitis, may provide a direct or indirect 

mechanistic link to the development of atherosclerotic 

disease. 29 

 

Hypertension : A condition in which the force of the 
blood against the artery walls is too high.Usually 

hypertension is defined as  blood  pressure above 

140/90 mm of hg and is considered severe if the blood 

pressure is above 180/120 mm of hg. Hypertension is a 

health disorder that affects most of the population 

worldwide. High B.P.is considered as a main risk factor 

for CVD. Various epidemiological studies showed a 

strong association between hypertension, cardiovascular 

disease (CVD ) and chronic periodontitis 

disease.30Moderate to severe periodontitis was 
associated with a 22% raised risk for hypertension 

while severe periodontitis was linked with 49% higher 

odds of hypertension. In periodontitis patients the 

arterial blood pressure was higher than without 

periodontitis according to NCBI.  

In Chronic periodontitis. the accumulation of various  

bacterial species in the subgingival biofilm and 

bacterias  in  plaque and calculus of deep pockets 

initiates the chronic inflammatory response by inducing 

the production of  cytokines (IL-1,IL—6,IL-8,PGE-2 

and TNF-alpha) that regulate and increase the levels of 

C-reactive protein (CRP). Detection of high 
concentration of CRP in gingival crevicular fluid (GCF) 

as a biomarker of CVD , hypertension  and also the 

increased level of CRP in chronic periodontitis showed 

a evidenced based link between these diseases.31  

Hypertension is one of the main comorbidities in 

COVID-19 infection. Hypertensive patients treated with 

Angiotensin 2 type- 1 receptor inhibitors ( ARBs) drugs 

increases the huge expression of ACE 2 receptors and 

FURIN mRNA in oral mucosal epithelial cells. 

Therefore, the expression of ACE 2 in hypertension , 

CVD and chronic periodontitis may represent the major 
risk factor for severe COVID-19 disease and also 

increases the CFR among these  COVID-19 patients.32 

 

Obesity : 

In 2016 more than 1.9 billion adults , 18 years and 

older , were overweight . Of these over 650 million 

were obese. After smoking. obesity is the second 

highest risk factor to cause chronic periodontitis disease 

.Various  studies showed the relationship between 

obesity and chronic periodontitis since 1977 by Perslein 

and Bissada. Obesity can alter the composition of 

periodontal microflora and related with increased 
periodontal pathogenesis. The main complication of 

obesity is a continuous  systemic  inflammatory state. 

The adipose tissue in obese patients secretes low levels 

of proinflamatory cytokines (IL-6,IL-8,PGE2,TNF - ɑ) , 

adipokines like leptine and adiponectine. These 

cytokines increases the host inflammatory response and 

may lead to the development and progression of chronic 

periodontitis disease. Obesity and their systemic 

complications increases the risk to develop severe 

COVID-19 illness. The expiratory reserve volume , 

functional capacity of lungs and respiratory system 
compliance all are decreased in obese patients. 

Additionally, altered host inflammatory response 

reported in obese patients could contribute to aggravate 

the response of the patients to develop more fatal 
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COVID -19 disease.33 The CFR among the obesity and 

chronic periodontitis patients for COVID-19 disease 

increased worldwide. 

 

Pregnancy : 

During pregnancy mother faced various psychological 
and physiological changes which leads to the 

suppression of the mother’s immune system.Various 

studies showed that there is a significant relationship 

between chronic periodontitis and  poor pregnancy 

outcomes due to an altered inflammatory host response 

triggered by increased progesterone levels which 

initiates gingival response causing dysbiosis34.Studies 

showed that the bacterias present in plaque results in the 

activation of cell mediated immune system and 

subsequent production of pro-inflamatory cytokines like 

IL-1,IL-6,PGE-2,TNF- ɑ which have been implicated in 

the mechanism of labour.35As the outbreak of SARS-
CoV 2 virus occurred worldwide, some cases of 

COVID-19 were also noticed in pregnant females. The 

levels of progesterone and esterogen increases many 

times in pregnancy which leads to the 

immunosuppression and this predispose the pregnant 

female to  respiratory infectious diseases, less than 10%  

developed severe COVID-19 disease.36Combined 

infection of SARS-CoV 2 virus in pregnant female with 

chronic periodontitis could complicates the pregnancy 

outcomes like preeclampsia , premature low birth 

weight baby, even death. 
 

Chronic Respiratory Diseases : 

Previous studies showed that there is a association 

between chronic respiratory diseases (COPD 

,bronchiectasis) and chronic periodontitis . With poor 

oral hygiene the chronic respiratory diseases increases 

by five fold. A good evidence found that improved oral 

hygiene and regular oral health care by the 

professionals decrease the rate of progression or stops 

the     occurrence of chronic respiratory diseases among 

the high risk elderly patients. According to Scannapieco 

et al with increasing clinical attachment loss in chronic 
periodontitis patients leads to decreased lung functions. 

In chronic periodontitis patients with poor oral hygiene 

the incidence of pulmonary infection ,especially 

nosocomial pneumonia episodes in high risk patients37. 

 

 Chronic Obstructive Pulmonary Disease (COPD) : 

COPD is a chronic inflammatory disease of lungs 

caused by the exposure of noxious substances or gases. 

Smoking is the main risk factor  of COPD in developed 

countries. Various studies showed the relationship 

between COPD and chronic periodontitis, however, this 
association could be blasted by various factors like age 

and smoking and this leads to increased mortality rate 

in older patients. In COPD patients  there is a increased 

risk of aggravation of COVID -19 fatality rate. The pre-

existing COPD patient have a four- fold increased risk 

to develop severe COVID-19 illness .COPD patients 

present increased expression of ACE-2 receptors on 

type 2 alveolar cells of lungs.38Thus the association of 

chronic periodontitis with COPD could be helpful to 

identify the CFR among COVID -19 patients. 
 

Smoking : 
Smoking is a major risk factor to develop chronic 

periodontitis and it affects the progression , severity of 

disease and response to treatment in periodontal 

therapy. Smoking promotes microbial imbalance in 

periodontal tissues and promotes the growth of various 

periodontal pathogens and their virulence factors which 

causes the destruction of the periodontal tissues and 

impair the immune response of the host. On the other 

side smoking is also a main risk factor of COVID-19 

disease progression and aggravates the COVID -19 
symptoms 1.4 times. It was suggested that smoking 

cessation could decrease the risk of developing severe 

COVID-19 fatality rate.39  

 

Asthma : 

Asthma is a chronic inflammatory disease of airways. 

Various studies showed the positive relationship 

between asthma and chronic periodontitis. It was 

proposed that asthma could be the risk factor for 

increasing the CFR among COVID -19 patients. It was 

noticed that in asthma patients ,there was decreased 
expression of ACE-2 receptors at cellular level used by 

SARS-CoV-2  for entry in to the host. However, in 

asthma patients with diabetes presented increased 

expression of ACE-2 and  Trans Membrane Protease 

Serine2 (TMPRSS2) for SARS-CoV-2 entry to the host 

cells.40So the chronic periodontitis  patients along with 

these asthma and DM were most susceptible for SARS-

CoV-2  infection and increased CFR  

 

CANCER:  

Cancer is a malignant disease in which there is a 

unlimited growth of the cells, not under control and 
destroy the body tissues. This cause changes in the 

genome of the normal cells. These mutations in the cells  

occur due to continuous exposure to chemical ,physical 

and environmental factors. Previous studies showed that 

chronic periodontitis is an independent high risk factor 

for head and neck cancers ,especially in oral cavity 

cancer s followed by oropharynx  and 

larynx.41.Michaud et al proven a significant association 

between history of chronic periodontitis and risk of 

developing lung, kidney, pancreas and hematological 

cancers.42 

There was no specific evidence for proving the 

mechanism of interaction between cancer and chronic 

periodontitis. Several studies showed that how 

microbial imbalance induces inflammation by 



Sharma A et al.  

76 
Journal of Advanced Medical and Dental Sciences Research |Vol. 8|Issue 8| August 2020 

regulating the host inflammatory cascades by  

increasing the recruitment of cytokines and chemokines 

,this leads to the destruction of periodontal epithelium 

and spread of periodontal pathogens in to systemic 

circulation, which causes systemic immune 

dysregulation and increased the risk of developing 
cancer. 

Patients with cancer ,especially lung cancer are more  

susceptible to COVID -19 fatality, because there 

immune response was suppressed by chemotherapy and 

radiotherapy treatment given and nutritional 

deterioration which in turn induces dysbiosis, 

destruction of host cells and increased possibility of 

developing respiratory infections. Thus identifying 

cancer patients with chronic periodontitis could 

represent a group at risk for severe COVID-19 

fatality.43 

 

Liver Diseases : 

Various studies proved that  there was a relationship 

between chronic periodontitis and liver diseases. 

Imbalance in microflora of the periodontal tissues of the 

oral cavity leads to the initiation of inflammation due to 

the activation various cytokines (IL-IB,IL-6,IL-10, IL-

12,TNF-alpha etc.which ultimately leads to the 

progression of liver diseases like liver cirrhosis, hepato 

cellular carcinoma and non alcoholic fatty liver disease. 

Lipopolysaccharide released from P.gingivalis also 

initiates inflammations in liver.44 However , studies 
showed that preexisting liver diseases patients are more 

vulnerable for COVID-19 fatality because SARS-CoV-

2 virus attaches to hepatocytes and chlangiocytes using 

ACE-2 receptors 45.Thus the patients with chronic 

periodontitis and underlying liver diseases could 

increase the Case Fatality Rate (CFR) among COVID-

19 patients. 

 

Results of the hypothesis : 

There is enough evidence to support that chronic 

periodontitis acts as a major risk factors for severe 

COVID-19 fatality. Many studies proved that chronic 
periodontitis has been widely associated with various 

systemic diseases like diabetes, cardiovascular diseases, 

chronic respiratory diseases ,chronic kidney diseases, 

obesity etc. So the systemic health could be decided on 

the basis of periodontal status of the individuals. 

Therefore chronic periodontitis along with these 

underlying systemic diseases and other environmental 

factors are the common risk factors in COVID-19 

diseased patients. These comorbidities and additional 

factors increases the Case Fatality Rate (CFR) among 

COVID-19 patients. Since Periodontal health status of 
COVID-19 patient was not detected till now, so it is bit 

difficult to find out the relationship between chronic 

periodontitis and COVID-19 fatality. 

Perhaps dysbiosis means alteration  in oral microflora in 

subgingival periodontal tissues leads to increased 

number of periodontal pathogens and their toxins leads 

to the activation of inflammatory cascades and immune 

response of the host .Combined infection of these 

pathogens of chronic periodontitis and SARS-CoV-2 
virus with other established risk factors and underlying 

systemic diseases increases the inflammatory response 

of the host due to increased cytokine storm. This all 

increases the CFR among COVID-19 patients, Still 

more studies are awaited to find out the relationship 

between chronic periodontitis, systemic diseases and 

their effect on the CFR among COVID-19 patients. 
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