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Periodontitis is an inflammatory disease which affects the surrounding periodontal tissues and the primary etiological factor is the pathogenic
microorganism. Apart from periodontal microbiome, various studies have shown that virome may play a role in etiopathogenesis of periodontal
disease. Recently COVID-19 caused by the virus SARS COV-2, has raised a global emergency. This virus belongs to the family of Coronaviridae
which is an RNA virus that created havoc worldwide. This virus has affected millions of people globally. Angiotensin converting enzyme-2 (ACE-2) has
been considered the main receptor for the virus entry into target cells. Oral cavity and periodontal structures are also found to have these receptors.
This fact possesses a risk as SARS CoV2 can aggravate periodontal disease as well as may increase the risk of CoV2 spread or its severity. This
review will give an insight about the possible correlation between COVID and periodontal disease.
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Key Messages : Apart from periodontal microbiome,viruses also play arole in etiopathogenesis of periodontal disease.. Recently COVID-19
caused by the virus SARS COV-2, has raised a global emergency. ACE-2 is the primary receptor for the virus entry. These receptors are also seen in
periodontal structures. Therefore this review gives possible relation between COVID and periodontal disease.

Periodontitis is 0 multifictorill diselse clused primlrily by
plthogenic microorglinisms thlt Offects the supporting
structures of the teeth resulting in Olveollr bone loss, pocket
form0tion, loosening of teeth Ond recession. During the I0st
few decldes resellrch hi's pointed out thi't viruses m0y 01so be
involved in the pOthogenesis of the periodontll diselses.
Virious virll plthogens hlve been identified which plly On
importlntrole in periodontl ] destruction. The most commonly
investiglited virus which results in periodontll destruction
belongs to the Herpes virus flmily which is I DNA virus.
Virious studies hlve 0OIso shown [ relltion between
Cytomeglllovirus Ond Epstein blr virus with periodontll
destruction. On 30th Jinulry 2020, COVID-19 cllused by the
virus SARS COV-2, to be [l globll emergency [1]. This virus
belongs to the flmily of Coronl viridle whichis0n RNA virus.
So focus hll's increll sed on understlinding 0 possible correll tion

between Coronllviridle group of viruses Ond periodontll
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disellse Ind vice versl. This review gives In insight Dbout the
Coronllviridle flmily of viruses Ond 0lso highlights Obout
SARS CoV-2 Ond its possible bidirectionl1 Issociltion with

periodontl1 disel se.

Viruses Ore the smillest known infective Ogents. They Ore
obligliite intrcellullr pOrlsites Ond Ore perhlps the simplest
form of life known. Viruses O re cllssified into DNA Ind RNA
viruses (T0ble I &I1)) [2].
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ToOble 1: Types of DNA viruses

DNA VIRUSES

FAMILY SUBFAMILY GENUS COMMON
MEMBERS(Species)
Poxviridae Chordopoxvirinae Orthopoxvirus Variola ,Vaccinia cowpox,

Monkeypox, ,Ectromelia
and Rabbitpox viruses

Herpesviridae

Alphaherpesvirinae

Betaherpesvirinae

Gammaherpesvirinae

Simplex virus
Varicellovirus
Cytomegalovirus
Roseolovirus

Lymphocryptovirus

Herpes simplex virus types
1 and 2

Varicella —zoster virus
Human Cytomegalovirus
Human Herpes virus 6

Epstein-Barr virus

Adenoviridae

Mastadenovirus

47 serotypes of Adenovirus

(h-Ad1 to h-Ad 47)

Papovaviridae

Papillomavirus

Polyomavirus

Wart viruses

Human Polyomaviruses

Hepadnaviridae

Orthohepadnavirus

Hepatitis B virus of man,
woodchuck and other
animal hepatitis viruses

Parvoviridae

Dependovirus

Erythrovirus

Adeno
viruses(AAV)

associated

Parvovirus B19

Toble IT: Types of RNA viruses

RNA VIRUSES

FAMILY

SUB-FAMILY

GENUS

COMMON MEMBERS

Orthomyxoviridae

Influenzavirus A
and B
Influenzavirus C

Influenzavirus A and B
viruses
Influenza C Virus

Paramyxoviridae

Paramyxovirinae

Paramyxovirus

Rubulavirus

Human parainfluenza virus
types 1 and 3
Human parainfluenza virus
types 2 ,J4a and 4b and
mumps virus

Togaviridae

Alphavirus

Rubivirus

and
equine
viruses,

Eastern,Western
Venezuelan
encephalitis
Chikungunya virus.
Rubella virus

Flaviviridae

Flavivirus
Hepatitis C

Yellow fever ,Dengue
HepatitisCvirus

Coronaviridae

Coronavirus

Coronaviruses of mammals
and birds

The genetic inform0tion necessiry for virll replicltion is
contllined in the virll nucleic Ocid, but the biosynthetic
enzymes [re I0cking. They repliclte by tlking over the
biochemicll michinery of the host cell Ind redirecting it to

m0nufll cture of virus components. [2]

A. Adsorption: It is the first event in infection of I cell
by virus i.e., Ottichment of the virus plrticle to the cell

surflice. This is Ochieved by binding of virion surflce

structures known[ s liglnds to receptors on cell surfll ce.

144

B. Entry into the host cells: Viruses enter the host cells by
one of the mechlnism; O0s non-enveloped virus,
enveloped virus or Bl cteriophl ges.

C. Uncolting: This process involves stripping the virus of
its outer I0yers Ind c0 psid, so thOt nucleic O cid is relel sed
into the cell.

D. Biosynthesis(Fig;1):  This phlse includes the virll
nucleic Ocid, Clpsid protein, enzymes necessiry in

virious stll ges of virlll synthesis, 0 ssembly 0 nd relell se.

FigI: Steps in Biosynthesis (2)

A. Virion Ossembly: Assembly of the virious virll
components into virions, occurs [fter the replicltion of
the virlI nucleicOcid.

B. Relelse: Relelse of completed viruses is the finl1 step in

virus multiplicl tion

They Ore l0rge, enveloped, single-strinded RNA viruses Ind
Ore the I0rgest known RNA viruses, with genomes ringing
from 25 to 32 kb Ond [ virion of 118-136 nm in dil meter.
Virions are roughly spherical 0nd Ore notlble for the I0rge
spike (S) glycoprotein thit extends16-21 nm from the virus
envelope (Fig II). The fimily contlins two subflmilies, the

Coronll virinde 0nd the Torovirinde.[3]

Fig II: Virion structure (subflmily Coronlvirinle) (right).
TEM imlge of MERS-CoVvirions in culture (left). From
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CDC/Cynthill Goldsmith, Az0ibiT0min, Ph.D. Public Hellth
ImOge Librry Iml ge #17280.

The f0mily Coronlviridle consists of subflmily
Coronlvirinle which includes Genus Alphl coronlvirus,
Genus Betl coronlvirus, Genus GImmi coronlvirus, The
diselse clused by Coronl viruses Ore Severe [ cute respirl tory
syndrome (SARS), Middle Elst Respirlitory Syndrome
(MERS), Feline Coronllvirus Ond the most recently SARS
CoV-2(COVID 19).[3] A. Severe O cute respirll tory syndrome
(SARS): SARS-CoV wi's detected in the humI n popull tion in
2002.in Chind. Approximltely 8000 clses were reported
worldwide. According to the epidemiologicll studies Ond
genetic Onllysis the virus wlls most likely trlnsferred from
blts into flrm-rllised Himd 10 yOn pllm civets (P0 gum0I0rvO )
Ond then into humOns. Humn to humln til nsmission wi's by
respirfl tory Und flecl 1 routes. This infection cluses[ triphlsic
pOttern of diselse; the first phlse is nonspecific with fever,
cough, sore throlt, Ond myllgil. Brelthing difficulties
(dyspnoell) showed up 7-14 diys Ofter 0 ppelrince of the first
symptoms. The second phlise of the diselse includes
shortness of brelith, fever, onset of hypoxil, Ind often
dilrrhoel. In the most serious clses, pltient's progress to [
third phlse with development of Ocute respitlitory distress
requiring hospitllizOtion Ond mechlnicll respirltion.[3] B.
Middle ED st Respirl tory Syndrome (MERS): MERS reported
over 1600 hum0n clses with the flt0lity rlte more thIn 30%.
The countries thit were most Offected were the Arlbiln
Peninsull. The clsull trinsmission from person to person is
very riire but most person to person trl nsmission occurred inll
hospitl]setting. The symptoms of MERS stlirted initil lly with
coughing, fever, Ind brelthing which l0ter on progressed to
pneumonil 0nd kidney flilure. Sporlldic clses of MERS still
continue to be reported. [3] C.SARS CoV-2 (COVID 19): On
Mirch 11, 2020 World Hellth Orglnizition (WHO)
identified Coronll virus disellse 2019 (COVID-2019) which is
clused by 0 novel coronlvirus known 0Os Severe Acute
Respiitory Syndrome Coronlvirus 2 (SARS-CoV-2) [s
pindemic[4]. This virus wis first identified in the respirl tory
triict of pltients with pneumonill in Wuhln, Hubei Chinl, in
December 2019 which wis then indiclted Os 0 newly
identified Betl -coronll virus (CoV) [5, 6].

Structure and Entry Of Coronavirus:

SARS-CoV2 is [I novel Betll coronllvirus which consists of
four miin structurll proteins including spike (S)
glycoprotein, smill envelope (E) glycoprotein, membilne
(M) glycoprotein, Ond nucleoclspid (N) protein, Ond Olso
severlll0ccessory proteins [7]. The spike or S glycoprotein isl
trfinsmembrilne protein with I molecullr weight of Dbout 150
kD0 which is found in the outer portion of the virus. It forms
homotrimers protruding in the virfll surflce Ond flcilitltes
binding of envelope viruses to host cells by getting [t cted
towlrds Ongiotensin-converting enzyme 2 (ACE2) mostly

expressed in lower respirfltory trll ct cells.

The nucleoclspid known Os N protein, is the structurll
component of CoV. It is structurll lly bound to the nucleic 0 cid
miteril] of the virus Ind thus N protein is responsible for the
vifll genome, the virll replicltion cycle Ond the cellullr
response of host cells to virlll infections [8, 9].The membilne
or M Protein, is the most structurll 1y structured protein which
pllys 0 role in determining the shipe of the virus envelope.
The 10st component is the envelope or E protein which is the
smillest protein in the SARS CoV structure thit helps in the
production [ nd m0 turll tion of this virus [8]. The prim0lry entry
of this virus is believed to be through projected droplets
lel ding tothe first contlct Ind colonizltion of cells in the orl1
clvity, nose or eyes [6]. People positive for this virus develop
virilble symptoms in mild form (fever, cough, heldlche,
Onosmill, Ogeusil etc.). In moderlite to severe clses,
respitfltory flilure occurred Ind in some clses it cOn leld to
intensive clre unit hospitllizOtion 0nd eventullly delth [10].
In supporting the process of entry of the virus into the host
cell, SARSCoV2 binds to the ACE2 receiver which is highly
expressed in the lower respirfitory trllct, such Os type II
Olveollr cells (AT2) of the lungs, upper esophlgus Ond
stiitified epithelill cells, Ond other cells (such 0s O0bsorptive
enterocytes from the ileum 0Ond colon, chollngiocytes,
myoclrdill cells, kidney proxim01 tubule cells, Ind blidder
urothelilll cells) [11]. Therefore, pltients who Ore infected
with this virus not only experience respirll tory problems such
Os pneumonill lelding to Acute Respirlitory Distress
Syndrome (ARDS), but 0lso experience disorders of helrt,
kidneys,Ond digestive trllct.
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Role of ACE2 In Inflammation:

ACE2 is On importint component of the RAS (Renin
angiotensin system) 0 nd it is the regull tor of the RAS system.
It functions by modull ting the di m0 ging [ ctions of Ang I10nd
Atl, (angiotensin receptor type 1), thereby decrelsing the
inflimmOtory response[12]. Wherells ACE increllses the
production of Angll which pllys [ key role in Octivition of
protein kinlses Ond recruitment of infllmm0tory cells Ond
synthesis Ond relelse of cytokines Ind chemokine's[13,14].
Therefore ACE hils0 destructive function. ACE2 regulltion is
Ochieved by severlll mechinism.It Octs Os 0 mediltor in the
conversion of Ang I to Angiotensin 1-9 (Ang1-9) instelld of
Ang II, thereby producing On Onti-inflimm0tory response.
ACE2 [lso Octs directly on Ang II Ond converts it to the
visodilltor Angl-7, thus it increllses the production of
Angl-7 0t the expense of Ang II. Angl-7 mediltes
itsvsodilltory Ond Ontiprolifertive effects vil MIsR
[15,16].Other protective effects of the ACE2/Ang1-7/M0sR
Oxis include reductionin the relelse of pro-infllmm0tory

cytokines [17].

ACE 2, Periodontal Tissues and Cov 2
Oral expression of ACE2:

ACE2 is In importlnt component of the RAS ['nd is linked to
the entry of SARS-CoV-2 into tirget cells through
endocytosis Ond internlliz0tion of ACE2.Angiotensin
converting enzyme-2 (ACE-2) hls been found to be
expressed by virious types of cells such 0's pulmonlry cells,
ndsophlryngell cells, sOliviry glind cells etc. Recently
published ditD indicOte thdt cells from the orll clvity
(Dorsum of tongue, Sulcullr epithelium) highly express
ACE-2 in 0 complilble minner to thit of lung cells [18].
Sihni Ond Guptl (2020) [19] hOve 0Olso confirmed the
expression of ACE-2, in gingivll Ind periodontl] lighment
fibroblists, in 1t OInd humin tissues. In clses of Octive
periodontll] disel se there is increll se of Furin Ind Clthepsin L
protellses which enlble SARSCoV 2 to bind to ACE 2
receptorsnd fll cilitl teendosomi 1 fusion in host cells. [20]

Periodontal Pocket as a Niche for Sars Cov 2:

Due to presence of ACE 2, periodontll pocket cn Oct0s [
reservoir for the SARSCoV-2 virlll infection ['s it could 01so
provide [ favorable environment for virll replicItion 0nd
survivill. There Ore vlrious studies which hlve shown
detection of viruses in the periodontll pocket[21]. There Ore
two possible sources of SARS CoV2 infection of periodontl]
pocket Ind tissues. First is direct infection coming from o1
clvity[18, 19].Secondfrom the circullting peripherlll blood
mononuclelr cells from SARS CoV2 infected pOtients
becluse this SARScoronl virus replicltes in mononuclelr
cells[22]. As periodontitis shows continuous infll mm{tory
response, this could Ottiict these infected peripherll
mononuclelr cells to the pocket Orell through systemic
circulltion[22]. Therefore this directs to the fllct thit
periodontl]l pockets Ore compltible environments for virll
infection Ond survivil. It cln further be stlted thdt these
pocket viruses due to flushing Oction of GCF mly cluse the
viruses to mix with sIlivl which m0y further increllse the risk
of sprelld of infection through sOlivll droplets.[23] It cIn 01so
be suggested due to this flct thlt, Oerosol generllting
procedures in periodontics mly Omplify viromes Oerosol
concentrlltion in the 0ir Ind on in0nim0te surfllces which clin
increlse the dinger of cross infection.[24]Thus, periodontl]
pocket, 0 niche for virlll growth cln be considered [ suitlble

site for simple collection for COVID -19 testing.

Role of ACE2in SARS Cov 2:

AsOlreldy stlted, ACE2is0 prim0ry receptor for SARSCoV-
2 infection [25]. The Vil replicltion lelds the immune
system to down regullte ACE2 expression 0t the cell surfllce
(through its internOlizOtion) Ond thus decrellses the
degrldition of AngII, leDding toOn increllse in ACEOnd Ang
IT which could exOcerblte the infllmm0tory pOttern of the
SARS-CoV-2 infection.[26-30]. Ang II fllvours the
recruitment of infiltriting infllmm0tory cells into tissues by
stimullting the production of specific cytokines/chemokine
such s the potent monocyte chemol ttrl cti nt protein 1 (MCP-
1). Other cytokines involved in the onset Ind progression of
the virfll infllmm0tory condition Ore tumour necrosis fllctor
OlphD (TNF-0), interleukin-6 (IL-6), Ond interleukin-1 betd
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(IL-10), inducing Opoptosis of endothelill cells Ond the
Octivition of microphlges in the infllmed tissue or orgln.
[31] This helps us understind the hyper infllmmitory
response (Cytokine storm) in CoV2 infected pltients [32].

Role of ACE2 and Cov 2 in Progression of
Periodontal Disaese

As previously mentioned, virious studies hlve shown the
presence of ACE2 0Ond consequently of the RAS
(Renin-Ingiotensin system) system, milinly in the cells
Ossocilted with the periodontl] structure [30]. As bl cteril Ore
involved in flcilitDting the initiltion of On infllmm0tory
response inside the periodontll] pocket, duringl SARSCoV-2
coinfection, the complex formed between the virus 1nd ACE2
proteins lellds to reduction in ACE2 levels in infected tissues
[33],0nd this might increll se the expression of cytokines, with
the consequent Octivl tion of the osteoprotegerin (OPG) — the
receptor for RANK-Ligind (RANK)-RANKL I[Oxis,
stimull ting osteocld st function.[34] Thus periodont] plttern
might be exd cerbl ted due to the down regulltion of ACE20nd
On increlse in ACE Ond Ang II, with the consequent
involvement of severlll pro-infllmm0tory cytokines such Os
IL-6, IL-7, IL-2, TNF-0, IL-10nd MCP-1.This pllys 0 crucill
role in progression of periodontl1 diselse .[35]

Role of Periodontal Disaese in Increasing The
Severity of Cov 2:

As discussed O0bove, it is clelr thit there is increlse in
infllmm0 tory mirkers (ex0 ggerlted systemic infll mm0tion)
in CoV 2 pltients. Periodontl1 disel se is01so 0n infll mm0 tory
condition where the infllmmitory mediltors Ore
disseminlted to distlnt body sites through circulltory system
Ond orll gut DOccess.This lelds to increlse in serum
infllmm0 tory mirkers . However it hi's [ different initiltion
plthwly relited to biofilm Ond blcterill [19]. Periodontitis
thus mly increlse the CoV-19 symptoms with increllsed
blood levels of biomlrkers worsening the disellse outcomes
lelding to higher risk of ICU Odmission, need for Ossisted
ventill tion0nd dell th of COVID-19 pltients.

Conclusion:

Periodontll pockets Ore peculilr isollted environments. It
presents proper biologicll dynlmics, with two-wly
interllctions within the orfll clvity on one hind Ond the
systemic circulltory system vill gingivll blood vessels on the

other.[36] It is becoming more widely Occepted tht besides
the bl cterill chl llenge, viruses from periodontl I pocket could
infect distint orglns Ind hence generllte focll infections [37].
The presence of ACE2 in both SARS CoV 2 tlrget tissues Ind
periodontl] tissues, points out towlrds I possible correlltion
between SARS-CoV20nd periodontitis. This cIn cluse down
regulltion of this enzyme in periodontll tissues too, which
further cOuses [Octivition of severll cytokines.
Overexpression of this inflimmitory response in both the
diselses cln complicl te the disell se severity. In order to tlckle
this COVID 19 plndemic, it is importInt to understind the
hidden viromereservoirs to reduce its sprelld. This will grell tly
helpin clrrying out preventive Ond sifety melsures. This
review hl's tried to highlight th0 t periodontl 1 pocket could bell
flvourlble niche for the virus Ond thus it mly increlse the
COVID-19 symptoms with increllsed blood levels of
biomlrkers worsening the diselse outcomes. Therefore
periodontll preventive melsure could beconsidered [
pirimeter of clre in the clinicll mOn0gement of COVID
positive pltients, Diming 0t reducing the virlll reservoir in
periodontl1 pockets. However these resellrch O rells need to be
explored further to increllse the scope of survivil in this
pindemic.
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