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The pathogenic mechanism of SARS-CoV-2 infection is unclear, and its symptoms vary in different patients. Initial reports of
COVID-19 concentrated on pulmonary issues, but with time, additional features such as hyposmia/anosmia, dysgeusia, and skin
lesions were added to the list of COVID-19 symptoms. There have been an increasing number of reports on oral cavity lesions in
individuals with COVID-19, which might be relevant considering that this location is one of the first sites coming into contact
with the virus and that it contains the SARS-CoV-2 receptor. We hereby aim to familiarize practicing head and neck clinicians
with the range of oral lesions reported in COVID-19 patients and to critically appraise the most recent data on the role of SARS-
CoV-2 in these lesions. We also discuss the ongoing debate on the direct/indirect association of oral symptoms with the disease.
COVID-19 cases with simultaneous oral symptoms were extracted from the literature, and articles discussing the role of SARS-
CoV-2 in oral lesions were compiled and methodically analyzed. We found approximately 95 COVID-19 patients with a wide
range of oral lesions. Based on current evidence, the exact role of SARS-CoV-2 in the development of oral lesions remains unclear.
Oral examination of patients is needed to provide adequate cases for analysis to clarify unknown problems related to COVID-19.
There is evidence to support both the direct and indirect roles of SARS-CoV-2 in the development of oral lesions. Awareness of the
possibility of oral manifestations in COVID-19 is important to clarify the range of disease signs and symptoms.

1. Introduction

An unexplained viral pneumonia in a cluster of patients
residing in Wuhan, China, soon became known as coro-
navirus disease 2019 (COVID-19) and rapidly spread to
more than 200 countries within 3 months. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was
identified as its responsible pathogen and led to an ongoing
pandemic [1].

SARS-CoV-2 is a single-stranded, positive-sense RNA
virus, believed to originate from bats. The gold standard for
its diagnosis is nucleic acid analysis of respiratory tract
samples, through RT-PCR. IgM and IgG are also evaluated
for the detection of infected cases and are simpler and more
affordable than RT-PCR. Nucleic acid assessment is useful in
the early stages of the disease, while IgM and IgG turn

positive 10 and 20 days after infection, respectively [1].
SARS-CoV-2 is mainly transmitted through respiratory
droplets and direct contact; however, the gastrointestinal
tract, saliva, urine, and ocular secretions have also been
suggested as potential routes, requiring further investigation
[2, 3].

Symptoms of COVID-19 include fever, cough, dyspnea,
fatigue, sore throat, headache, myalgia, abnormality in ol-
factory/gustatory senses, gastrointestinal issues, and less
commonly, skin lesions. Common paraclinical findings in-
clude bilateral/unilateral infiltrates on chest X-ray [4],
ground-glass opacity, and bilateral patchy shadowing on chest
CT [2] and increases in neutrophil/lymphocyte ratio, plasma
D-dimer, and lactate dehydrogenase, in severe cases [4].

A major concern during a pandemic is the identification
of the infectious source. Considering that one of the main
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sources of infection in COVID-19 is the SARS-CoV-2-
positive patient, it is important to know all the symptoms
and major and minor manifestations of the disease in order
to help obtain an early diagnosis. Based on a considerable
number of reports, the oral cavity is one of the extra-
respiratory sites that have shown manifestations in COVID-
19 patients. Xerostomia, ageusia, and anosmia are among the
more recognized symptoms in this location, which might
occur before the conventional signs of COVID-19 [3].
However, reports on visible oral lesions in these patients are
scattered and mostly in the form of case reports. The ob-
jective of the present review is to provide a compilation and
analysis of the reported oral manifestations associated with
SARS-CoV-2 infection to familiarize practicing head and
neck clinicians with the possible oral presentation of
COVID-19, whether a direct consequence of the infection or
secondary to other causes. We also discuss the ongoing
debate regarding the direct or indirect association of oral
symptoms with COVID-19. Considering that subjective
symptoms such as dry mouth and loss of taste/smell have
been extensively reported elsewhere, we concentrate on oral
mucosal lesions that could be observed and examined by the
physician.

2. Search Strategy

A thorough search was performed in PubMed, Scopus, Web
of Science, and Google Scholar in a systematic manner using
the following search strategy: (covid-19 OR “coronavirus
disease 2019” OR sars-cov-2 OR “severe acute respiratory
syndrome coronavirus 2”) AND (oral OR mouth OR
enanthema OR gingiva OR periodontal OR tongue OR
lingual OR labial OR lip) AND (features OR manifestations
OR lesions OR symptoms OR co-infection OR co-occur-
rence OR reactivation). We considered all cases reported up
until August 26, 2020, published in any article format (Case
Report, Letter to Editor, Original Research, etc.). Even cases
presented in tables and figures were extracted and added to
the study. Lesions reported in unconfirmed COVID-19 cases
were excluded. Full texts of all extracted reports were
reviewed, and repetitive cases were omitted.

3. Oral Lesions Reported in COVID-19 Patients

Martin Carreras-Presas et al. [5], Chaux-Bodard et al. [6],
and Galvan Casas et al. [7] were among the first to add the
oral cavity to the list of locations with possible COVID-19
involvement. Based on our search terms in the aforemen-
tioned databases, twenty-one articles were included in the
study after omitting repetitions and applying our selection
criteria to the 960 retrieved articles. We identified a total of
34 accounts of oral findings in COVID-19 patients, of which
16 had PCR confirmation and the rest were diagnosed by
other means. A description of these individuals is presented
in Table 1. There were a total of 14 men and 17 women with
an age range of 9-96 years. There was no information on
gender in 3 and age in 5 patients. An additional 8 pediatric
patients with multisystem inflammatory syndrome associ-
ated with COVID-19 were also stated to have oral
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manifestations early in the disease, but no additional in-
formation was provided [22]. Fifty-three COVID-19 hos-
pitalized patients were reported with oropharyngeal
candidiasis, again with no detailed information [25]. The
addition of these cases results in a total of 95 individuals
infected with SARS-CoV-2 with some kind of oral lesion. All
intraoral locations, including the tonsillar area, were re-
ported to be involved in different articles. The clinical ap-
pearance of the lesions fell into a wide range, the most
prevalent being ulcers, petechiae, and erythema. It is
noteworthy that there were also reports of 5 cases dem-
onstrating clinical signs/symptoms of COVID-19 and oral
lesions, but they did not have laboratory confirmation of the
disease and were reported to be “suspicious for COVID-19”.
These are merely being descriptively mentioned for historic
purposes. Two of the patients were male, 56 and 58 years of
age, one of which had asthenia, fever, hyposmia, dysgeusia,
and cervical lymph node enlargement for 2 days and
complained of sore throat and palatal pain. Examination
through teleconference revealed herpetic recurrent stoma-
titis-like lesions, and the patient reported no previous his-
tory of these types of lesions. The other patients also
complained of palatal pain and showed multiple small
palatal unilateral ulcers with no previous history of herpetic
infection. He had hypertension and diabetes and most
importantly was isolated at home with his wife who had
confirmed COVID-19 [5]. The third patient was a 35-year-
old woman who displayed fever, halitosis, bilateral sub-
mandibular lymphadenopathy, and a clinical diagnosis of
necrotizing gingivitis [26]. Images of enanthemas in two
other suspected COVID-19 patients, with no mention of sex
or age, were provided as supplemental material and
appeared as pustular eruption on the right soft palate and
tonsillar area in one and petechiae on the soft and hard
palate in the other patient [7].

4. Discussion

4.1. Pathophysiology of COVID-19. The structural proteins of
SARS-CoV-2 consist of spike, membrane, envelope, and
nucleocapsid. Attachment of the virus to target cells occurs
through the spike, which undergoes cleavage after binding to
the angiotensin-converting-enzyme-2 (ACE2) receptor.
“Attachment,” is followed by “penetration,” by which the
virus enters the host cell; “biosynthesis,” where viral RNA is
replicated in the nucleus; “maturation” or production of
viral particles, and finally “release” [27].

In advanced disease, SARS-CoV-2 induces exaggerated
inflammation and systemic immune activation, which can
give rise to a cytokine storm in its most severe form [28].
Lymphopenia occurs following the T-cell attack and innate/
acquired immune responses, resulting in impaired lym-
phopoiesis and exacerbated lymphocyte apoptosis [29].

In severe cases, SARS-CoV-2 causes rampant coagula-
tion activation and depletion of clotting factors, observed as
the development of thrombotic complications and micro-
thrombi [29]. Proinflammatory cytokines are responsible for
this systemic coagulopathy by stimulating mononuclear cells
to produce tissue factor and thrombin. This is supplemented



International Journal of Dentistry

SISEaSTP SNOT}9UT
10§ 2anjESoU Sem WAL

JO 2UO JSBI[ JE {PIUISIOM
junod ayfdoydwA] pue Towrp
- ‘d¥D 1Y) pue dFreydsip
19)je pareadde sayser

uD[s ‘way) jo ¢ Sea[ e uf

Judwyeas)
PIOI2)SOO1LI0D 12)Je M ¢-T

serydagad
pue sanoew [eje[ed

SN

SUOIS9|
UD[S SWLIOJN[NUI BUWAYIAI

[11] (pardadow)
s Ke/ e 30
ayne)-zauaurr(

suondnia

Snup ur reord4) jou are yorym
ssuonenyur onfsoyduwA]
doap pamoys Asdorq unyg

[eadsoy Joyjoue ur JIUN oIED
SAISUDJUT UB 0} PILIdJSURI],

dIVSN pue
oTj0IqTIUR I9)Je P 7 BSOONUI
[eoonq pue sdif uo suorsorg

BSOONW [820Nq
pue sdif uo suorsors
SQUIT| U0 WAYIAIS AYDI]

IO UO $2qO[ SuUn| 19MO[

ur fyoedo pue “errydonnau
ceruadoydwif] ‘gD pue
DaM “eaudsAp ‘ondryej ‘syryd
USnoo “1aa9y ySry padofossp
P 8 I9)J® INq SUOISI] [BIO/UDS
snojeway)£1o pey Aqrenruy

[01] 6T mdy/
Aw 12 mﬁﬁmv_mm

STUSWIDIE}S

SIOUINE 2} JOU pUE SIOYINE
ay) £q papraoad saSeuur

31) UO paseq PaqLIsap

ST suoIs[ [e10 Jo dduereaddy

SN

agefed apy

uo eway)A1e pue ‘dif 1omo]
a1} uo aerydajad ‘Suorsa
i[-snyiardurd aaneurenbsaq

SN

SN swoldwAs 19730
ssuondnis rendedomoey

[£] (pardaooe)
8z dv/ e 32
SESE)) UBA[RD)

918D DAISUSIUT 0) PINIWPY

QATR JUaNR]

ssauqqr Surmp
uoneAndRaI [-ASH [e10

SN

uoneqnjur 0}
Surpesy swapqoxd Aroyerrdsay

[6] (pa1da3oe)
1z dy
\AN 19 SO@@I

a3e

pUE SUOIJBISIJTUBWU [EITUI[D
Uo paseq Pajod(or Sem ISeISIp
Inow pue 9o0j ‘puer

¥1-C1 sAep uo 1eadde
RIWSOUR PUR BIYLIOUIYY (A)
11 £ep uo y3noo Aip 1deoxo
suo8 swoydwids [y (A1)

01 Aep

UO 9AJOSII SUOISI [eIQ (IIT)
g Aep uo aajosar

UONeSUSS $9[pIau/surd (Ir)

L

Aep wo Suruayrep ‘swojdwhs
Jo 9 Aep uo suorsa] unys (1)

L
Aep spnewoss snoyydy (1)

swojduifs [erouan)

¢ Aep) uonesuas sa[poou
pue surd [IIm SaNTWAIXD
uo (wuw ¢) sanded

pa1 renonua] afdnniy (1)
(Lep ,ENV errydonnou

pue eruadoydwA (1)

skep €

-1 Y8nod £1p ‘erdredw ‘ured
Yorq 9e0IY) 3108 I2Ad] (1)

[8] 11 udy
/Te 19 enng

UOTESBABIJX POO[Q }2IISIP
M SOIEUWLIDP [BLIET)IN IO
BUWAYIUEXD [BIIA JO 2ATsaZSns
’LI)LD dwos :Asdorg

MEOAOwNEﬁwu& pue
YSEMINOW [ITM JUWIBAT)
19)Je P ¢ urym juawasoxdwy

1298] P O Sprardurd
®>CNENSTwO@ @:w esoonu
[BIqR[ [BUISIUL UO SISI[q XJ

193e p €T ysel upys (1)
Suruurdaq

o) woyy ured anduoy, (1)

Opam )

erfe)iuad pue “deq ‘sjsearq
Jopun yser padofaad (1r)
eruouwmoaud [era)eiq
reoqLIEIp 24 Y8IH (1)

[s]

0z dy/Te 10
wmwo.unﬂlmmhv.ﬂmmu
upIe

[euwIrura o1oM swoldwiAs
[erouaf pue ‘suSts 151y

) 2IaM SUOISI UDys/[eIQ (11)
Inoewr

[e10 10§ a[qisuodsar aq p[nod
snImasea 61-AIA0D (1)

poT
10yye Surpeay a3ordwo)) (1)

190[M
anguo) onewojdwLse Areury
pue enoew pax p 1 ‘eqded
ren8ury pawrepyur nyured p 1

eruayse iy (1)

P 10 [nyured

UOIS3 [BIO I2)Je P € ‘UOISI]
20} [nyured snojewayyAig (1)

[9]
11 udy/e 32
pIepog-xney))

UOTRULIOJUT [RUOTIPPY

Elit{veiiilg]

UOT)e)SYTUBW [BIQ

jurerdwoo joryD

swo)dwWAs [eI0RIIXd/[eIoUsD)

d
SN LL-8S SN

d

d
SUOTSI| UDS/[BIO
19y p 11 2anisod
SN (B paumny ‘Suorsay
unys/[eIo 19)je
P8 2anedau ¥YDd
SN W UOTRWIGUOD Qe
dO0d
SN readuskreydoseN
(swoydwuLs
Jo ¢ £ep) ADJ ‘qems
JUON 6c W [eaSufreydoseu
pue eaSukreydorp

Toyqryur
gDV Pue s2191n1p j0o) 69 g eruowndud [erajeqig
uorsuayradAy pue L1saqO
§ Aep uo qems
SN ¥ od [eaSudreydoseN
s aseastp Surkpropun & xag  stsouSerp jo siseq

By

(0202)
uorssruuqns
.wO wumﬁ\wMOﬁﬁ:\;\

*%SUOT)OJUT SNOIAId JO UOTIBATIORII UJIM SIsBD Furpnpul

syuaned 6T-QIAQD Ul sdurpuy [ero pajroday :1 a14Vv],



International Journal of Dentistry

eruoumoud erwapidifsdp ‘uorsuajrad4
[ennsiaT vy PIAI[SAp "UOISULIPAAH 9L W
eruownaud Suo
[ennsIaul [erale[ig HON o
(sduenIpe
(4Dd saday xapdnmu) + | NOI) eruownoaud SUON 9 W
-ASH JU9JUO0D JR[NOISI A N —
(¥Dd sedioy xordnmuu) + 1 eruownaud Aderoyjouwrayd . [o1]
-ASH :JUSJUO0D IB[NIISI A [ennSIUI [eIe[Ig LM I2OUED [8)0210[0))
sadray xopdnm xordus (ueppupe -AOD- o Ssm o ﬁwiwuw N
Amwm .‘_GM How _MM ”Wm.wé SN sadxay JuazIMdaI TRIqR[OIO SN NDI) erwownaud  erwapidisdp ‘vorsualradAH 9 W A UNMWMWM MM@ e wmo BE
ASH ?ud) [MOISOA [EnnsIu [eIeYeqg [ qdoseN \‘_Nousmwwoz
(¥Dd sodiay xordnmu) + 1 eruownaud JOWIAYZ[Y P d
-ASH :U9JU0D IR[NITSIA rennsajur rerjerg  ‘snidueoyd Areriq Arewrig i d
) 2W%W5M.Woﬂ%¢<m erwoumoud MMM_MM_:M_M&:
(40d .h { Xordnnu) + [PITSINUI [eITeIg A% upny 9% d
-ASH :JUSJUO0D IR[NIISI A sruoyd ‘uorsud)rdAp]
(4Dd-L9)-T-A°D-SIVS (aduepTWIPE
‘(4Dd sodioy xodnmnur) + | NDI) eruownaud JUON 69 W
-ASH :JUSJUO0D IR[NIISI A [ennsId)UI [eId)e[Ig
pmy
J[I1S2A 3} JO YD AeLreoIdI eruownaud [s1] (utuo
ey SnitAsadis suorsod [erotrad POTISIATUT Texa1 . qems J[qerreae)
o ey \:\W - ol SN no paypund pue SAPISIA SN eoudsk ! .:W ! ﬁww_ ‘M eI UON 65 d reaSudreydoseN 0¢ AeN/Te 12
paseq AdH pue ‘9-ASH eoudsAp ‘ySnod L1p “rasag
“I-ASH Jo uonEUqmOry 00SB[d A -SEWE[]
BWRUUBUD pUE [SEI X SN
anSuo) [eraye| 1] e
SN uo spnewols snoyyyde :xy SN W 1D 35942 10 ¥Od- LA \m HH AS mE
snnewols snoyjyde I PV
pUe BWAYIULUD X7 SN
ereeq JOLI2IUE UO 3} ﬁ:sowMMMM uorssrupe ADd qems
W%MWWMMBNMWMMMWM . Surpasjquou par uo Io)e M T Emw:mmxo uotsstupe uodn erxodiy uotsuaaddy L W readukreydoseN
[rqdony P . : : . s100n nyuted spdnnur xg [e1] 11 LoV
[[92 JeaPNUOUOW ‘UONeIdd[M  SULLIEdS OU “Ioje] M [ Sulfea !
wone g« ajered prey Juk /T8 12 Lesuy
HEULLs Tp 21U 2y} U0 punoidydeq sworduts aDd qems
uonyewrenbsap :Asdorg (1r) : Surposiquou pa1 uo rerouad jo Lep @S eoudsAp pue 10a9] SsnyI[oW $339qeI(] 9 q reaSureqdosen
dV ¢/TASH 2anedaN (1) saoon [ryured adnpu xg U0 Inour 3} Ul $a10§
swoydwids 61-AIAQD
[euonuaAu0d papadsard adudouwos pue ‘erxodLy
SUOIS3] UPFS/[EIO (A1) J[99M © JNOQE UT PIA[OST BSOONW [€20Nq eouddyoes ‘ysnod &g (1)
pawrojrad ong wd d 199J pue spuey [esiop [z1] (paawadarx)
ou ASH 105 ¥0d () uondnia snosuendoonw pue onduo) Jourue ‘sdi suondnia wo sonbeyd pue sanded suoN 6 1 ADd-I qems £ ke e 10
¥ SP9M MJJ © Ul uo suondnis wrojnadioy UD{s/[eI0 pue ISTR[CIA eaSudreydoseN
A10381Y 23RIUI-SNLIp . SNOJRUWdPa PaI PUL “BIYILIEIP yapezeydy
pasoxdur swojduwifs [e1ousr)  pue ‘SUOISOId ‘SI[IISIA X{ . .
10 uoIS3[ projaSie) oN (1) ured [eurwropqe “1aAdy
uondnioe ene <madde jo ssof ‘ssauyeap (1)
03 anp pajoafar sem qINH (1)
(0z02)
UONBULIOJUT [BUOTIPPY awoonQ UOT)B)SIJTURW [eI0) jurerduoo jaryD swoydwAs [e10eIXd/[eIaUID) s aseastp Surkpropun wﬁ% ) xag  stsouderp jo siseq uorssTuqns
v Jo ayep/sioyIny

‘panunuo)) T F14V],



International Journal of Dentistry

djered 3y} uo
UOTSI] OU ‘s19p1oq [endur] uo
sjods par ym uoneqdedap

suewean pue ewayLIa asnyrp 6 Aep uo o D ‘qems [re]
pue 1asuo 6T-qQIAOD (6 kvp) AeorpowsapaL, QC £1p pue onSuoy Suruwmnq BIUISOUE “BIUSYISE IOAD] JuoN VA { [eaSukiegdosen (paaradar) ¢
198 Mg “ssaqwoyduig pe ersnafsAp jo Suruasiopy A/ Te 30 owog,
105 yInowr £1p pue ‘onguoy
Suruing ‘ersnadsq (1)
PpaAjosa1 swoydwAs e (13p10q)
pUe UOTJR[OST Io)je PT+MT ewoatjueud renisnd ayered josuo woyduwds SINSST [[owWs yrede p 1 loz] ¥
aanedou sem s Adesayy anorqnue 0s ‘oeryoajad surppru 12350 SUISIOM UE 2)SB} PUE JROIY} 108 auo 3593 NS 61- dun(/npnysed
n ¥Od (1) 70 SAvp M} © 1933 PAALOSIY bt 1Y), 1Pt e POT P pue d)se} pue Geory) N IS W SSBWBL61-AIAQD e rpureayey
‘Mg I2)5e aefed prey pue xukreydoro oIym qeory) 210§ ‘ydnoo L1p ‘ondney oad] (1) pider aanisod ¢
J_EeEls)
D81 pue ST 61-ATAOD (1) uo ewayArd Xg (1) )
SUIXG3 Aq 01 Aep earduid eruadojfooquiory) pue
PaURSION ‘T-A0D-SUVS 4q UO SUOISI] SNOIUBIND PUE [BIO ue ajefed wo aeIYdIR] (I (s 4vp) suorsa] sajhooydwif] pue g
pa12831m “eruadoyfdoquuoryy 1S9l Y pue] pue 2e] 1223 (1) reaSudreyd/fero/unys roydwid] pue dam (1) ADd-LY ‘qems [61] T 2un(
Jo uonnyosax Adwo) (1r) aesOONW [eIqE] SINIWAIIXD JTIMO[ QuoON. 61 4
210435 0} anp A[qeqoid suorsay pue ‘erwsodAy onSney . [ea8ufreydoseN /e 10 95218201
JudU)eaI) I9)JE G ABP ‘SUOISI] WO S)SNId dIFeyrioway pue uo derydajed pue ‘sonded
eryp12d —safes pentur wouy orwa)sAs Jo uorssaay (1) ‘SUOTJRID[N ‘SUOISOID X' P L 10§ 3eOI 210S/1242] ‘so[noew pax ‘O[Ligaje :xy (1)
wass eruadorkooquioxy, (1) ! Jo uor N (1 1e1dd] 15019 X7 I pa1 ‘d[Iqage X (1
Spue[3
AreArfes rourw Jo uomnen[yur sdiy pue ‘onSuoy (ASorom2 umoUN)
.80 pue ¢ pue . : SUOISI[ UDS SNO[[NQO[NISIA
‘quroay) assaA ‘@ferrroway Mg aaye suoisa]ajered piey ay) InoySnory rsoant [eong NI[- 2L (1)  uorsudradAy pue sajoqerq wONW aod [81) € 2un(
. . [e10 Jo uonnjosax ad[dwo)  PaIdEdS SANORW YSIPPaI Ul uoneIdd[N [Njured /'Te 12 sa1eog
SISOIDAU [ED0] “UOTJRUWIWE[UT sdnnu pue suonesa ixq yieaiq
JIUOIYD ‘UOTIBZI[ONIBA 1981 : m: Jo ssaupIoys ‘Y3nod 1A (I)
rereyide :Asdorg
a8reyosipysod
POT ewayAI1a Ie[isuo) pue
anguo) oryderdoas ajerapour
snewoyduwdse :ydeidojoyq
sreSunyryue WST[OqUId0QUIOIT)
uonduosaxd SUOISa[ unys ON (111)
JO uoneNUIIUOd pue Areuouwrnd

uoneqnmur [eaydenoro pue
20 reyuawarddns paaraday (1)

axes dua13Ly [exo ‘oprxorad
ud30IpAY QUIPIXaYIO[YD M T
12)3% suoisa] anduo) AIYM jo
uornnjosax aja[duwod 1eaN (1)
[endsoy

2 Ul 2[0ZBUOIN] A] PUE
une)su [e10 I9)Je paurewar
anberd ayrym rendury (1)

Snap 10y m g anduoy
painssy pue oryderdos
srrewroyduidse 21049g (1r)
(uorsstwrpeysod

P V) avisiaaiad
522A1104D12IVS PIMOYS
amymd aderds anduoy, (1)
SUOTSI] JU2LIND3I d1jadiay
93e3s-a1e] 01 reqruas anduo)
[eSIOp UO SI9IN YSIMO[[A
jutodurd pue ‘onberd aymym
Jua)stsiad “eAr[es SNOJSIA X7

uorsstwpe uodn

1D 189D UO suonen[yul
sse[3-punoid | asuapradLy
asnyIp [erdeqig (1)
(uorssTwrpe 21032q p 1)
BIULIBIP PUE IOAJJ ‘UONIIXD
uo edudsAp aarssardord
swoydwis Aroyendsay (1)

(uorsstwrpe) ersnaSodAy
pue swoydwiAs [erouan

snouaa 10y sixejdydoxd
[esrSojooeureyd jo asn

pue sjuessarddnsounurur [21] 6T Aen

YOd-LY ‘qems

uoneULIOJUl [EUOHIPPY

wonnQ

uonejsaJIuel [eIQ

jurerdwoo joryn swo)dwAs [eI0RI)Xd/[eIoUID)

L9 W /Te 32 soyues
Jo ayejur renoy eaSudreydoseN soq wory
juedsuen
Loupry pue ‘@daV
‘uorsua)radAy aseasip
Arojexidsar pazirenoseasy
(0z02)
s aseastp Surdpropun MM ) xag  stsouderp jo siseq uorssTuIqns
v Jo ayep/sioyny

‘panunuo)) T 414V],



International Journal of Dentistry

‘[s2]

juanied [ENPIATPUT OB 10J UOTRWLIOJUT PaIelap JNOYIIM ‘siserpipued [eafukreydolo aaey 03 payiodar axom syuaned pazifendsoy 6T-AIAQD €S JO [10) 7, 9SLaSIP YINOW pue 400j ‘puey (QNJH ‘eunsajuronses
D 9IUn aIed dAISUUI (D] @seastp Aaupry onskoLjod jueurwop [ewosone :JAV Apedouspeydwd] :qyT snaa rreg-urisdy :Agq “Apoquue :qy ‘gz pue [ snaa xofdurs sadioy :z-ASH/T-ASH ©Snip
Arojewrwreyur-nue proisuou :(rySN Ayderdouwro) pazueinduros ;170 ‘urojord 9A1oeaI-D) (YD [0 POO[q UM DG M UOTBUTIEXD XF Noom M Dwhzud Sunroauod-ursuajordue :qOV Aep :p paymoads jou :gN

ADd 2anedou
-3[qnop pue m ¢ 1ayye Surfesay

uorsa] anduo) [eraje]
a1ym oymadsuou onduoy
Axrey ayrgm ASH rerered
JUaIINDAI A [[edrpawaa],

sisouSerp 1o)e
p L3utumqpuecured ero
ersnade 192 ASTR[RIA!

2)5E) JO SSO[
2N PUE “TOAJJ ‘SSIUNBI A

uondnia sterqef
sad1ay Juarmdar juanbaryg

Vg

[¥e] (suruo
pardaooe)

6 ysndny

/Te 19 BUIAR[D

uonezieydsoy
2outs pareadde swojdwAg

aSreyosip
[eadsoy 1ayye sfep may punoy
9I0M SUOTIRISIYTURUI [IQ)

uondridsaid

s[a8/suonnios 1a)3e pasoxdur
now AI1p ‘sonjorquue pue
unejsfu 10)ye pareaddesip
SUOISI[ snoueIquidwopnasd
pue spiYd remsuy
aImseaur

suar3Ay pue ‘uneisfu
‘sonjorque 1o)je pareaddesip
ersnadsAp pue erwsoue

jou nq ‘snIaYd remduy
uoneidedap oy

JOU JNq UL SUOJOUIIUILLT)
1oy p o1 Surung

pue s190]n Jo douereaddesiq

2INSSTWWOd
dry pue orered onSuoy

UO SUOISI] I[-SISLIPIPUED
snouelquawopnasd

pue sniayd remdue xg

SOI[IOYD [eINSSTWWOD X

uoneqidedsp
anguoy aarssaxdoxd ‘suorsaf
aif-snoyyde :yderdoroyg

uonesuds ynouwr L1q

eIsnaSsAp

pue BTWISOUL ‘SIINSST
[BINSSTUWIWIOD [EId)R[IUT
apnow Surwing

uonesuds Juruing
suorsa aI[-snoyydy

uorsstpe [e)rdsoy

uorsstwpe [eyidsory

159) Qe[ UO Paseq ‘SISOqUIOIT}
Jo ysu ‘eruouwnaud
@YLIRIP ‘BIWISOUE
@ISNAZsAp ‘OSTRTRUI ‘ToAd]

SN

SN

€S

34

pagmads
d 30U poyiaw T-A0D
-SYVS 10§ 2AnIsOqd

paymads
N 30U poyial 7-A0D)
-SYVS 10 2AnISOqd

d dO0d

[ez]
(yduosnueur
paidaooe)

7 A/ e 12
zandripoy zerq

JIun dwes JY) ul
6T-AIAOD YHM pajerosse
swoIpuds Arojewwrepyur
wasAsynu srerpad
910J2q SUOTSI] [EI0 JUIES Y}
M UDIPTIYY 11710 18Ty (1)

JUSWIEII) SUOSTIIOI0IPAY
19)Je p ¢ Judawasoxdwy

suoneradm
[e1o pue dif usjoms

josdn 15 pue ‘ostereur
10A9J £q pamoy[oj yoed
‘M U awn puC 12
[e1o pue dif usjoms

jasdn o) pue OSTR[RW 19Ad]

Asdaprda pue eruojsAp a1oaag

[zz] (suruo
paystqnd) ¢
A/ e 19 yue)

uomRILIOJUI [EUONIPPY

wonnQ

uonejsaJIue [eIQ

jurerdwod jaryD

swoldwAs [eI0RIIXd/[eIoUID)

s aseastp Sulkrapun

)

Xag  stsouSeIp jo siseq

(0202)
uorssruuqns
Jo aep/sioyny

‘panunuo)) :T F14V],



International Journal of Dentistry

by the generation of plasminogen activator and von Wil-
lebrand by directly infected ACE2-expressing endothelial
cells [29].

In the cytokine storm, infected ACE2-expressing cells
release numerous proinflammatory chemokines/chemo-
attractants that recruit leukocytes, which in turn produce
TNF-a, IFN-y, and various interleukins that trigger a
proinflammatory cascade with immense cytokine expres-
sion. This leads to extensive vascular and organ injury as well
as prothrombotic events such as platelet activation, pro-
duction of reactive oxygen species, and reduction of proteins
in charge of vascular protection [29, 30].

ACE2 receptors are the virus’s gateway to host cells.
Their distribution in multiple tissues contributes to the
multisystem involvement of COVID-19 and may support
possible routes of virus entry. ACE2 has been reported on
endothelial cells, salivary glands, and various epithelial cells,
including those of the skin and nasal and oral mucosae. The
role of ACE2 in SARS-CoV-2 infection has not been fully
determined. ACE2 engagement by the virus and its function
may be directly responsible for the diverse tissue involve-
ment of COVID-19 [30].

4.2. Controversy on the Actuality of True Oral Manifestations
in COVID-19. Following the initial reports of oral lesions in
patients with SARS-CoV-2 infection, there has been con-
siderable debate on whether these lesions are true mani-
festations of the disease or have occurred as a secondary
phenomenon due to other factors. Arguments in favor and
against the direct association between oral manifestations
and COVID-19 have been raised, both of which are pred-
icated on the pathophysiology of SARS-CoV-2 infection.

4.2.1. Rationale in support of Oral Lesions Being a True Result
of SARS-CoV-2 Infection. Since the mouth is one of the first
sites that come into contact with SARS-CoV-2, it has been
hypothesized that oral mucosal lesions may be the first sign
of COVID-19 [31], especially considering the multiorgan
involvement of the disease. Lack of oropharyngeal exami-
nation may explain the paucity of reports on oral mani-
festations of COVID-19 [20, 32].

The inflammatory reaction known to be associated with
COVID-19 has been suggested as a possible explanation for
oral lesions. In the case reported by Chaux-Bodard et al. [6],
vascular inflammation related to SARS-CoV-2 was proposed
to be responsible for the macular erythematous lesion found
in their patient. In corroboration, inflammation-induced
loss of taste and smell were pointed out to be confirmed
symptoms of the disease [31]. Oral ulcerations were reported
as an early symptom in 9 patients with pediatric multisystem
inflammatory syndrome associated with COVID-19 [22].
Also, in agreement, Ciccarese et al. [19] reported petechiae
on the skin, palate, and gingivae of a patient with COVID-19
and severe thrombocytopenia. Hyperinflammation triggered
by SARS-CoV-2, followed by a cytokine storm and a pro-
thrombotic state, was suggested to rationalize true COVID-
19 lesions in their patient. Sakaida et al. [10] reported drug
eruptions in a patient with oral and skin lesions after

antibiotic/NSAID treatment which later turned into full-
blown COVID-19. There was no fever or flu-like symptoms
at the initial diagnosis of drug eruption. A skin biopsy
showed deep lymphocytic infiltrations, which were stated as
not being typical for drug eruptions. Development of drug
hypersensitivity was suggested as not being “incidental” and
possibly as a result of cytokine storm and Th17 dysregulation
which occurs in COVID-related inflammation [10].

The occurrence of oral lesions in other viral infections
comparable to those in COVID-19 has raised the possibility
that SARS-CoV-2 may also be capable of inducing oral
lesions [33]. Other viral infections such as HSV-1, HSV-2,
CMYV, and EBV have been tested in COVID-19 patients with
oral involvement and were shown to be negative [13, 18].
Following the report of EM-like skin eruptions and oro-
pharyngeal lesions in COVID-19 patients [11], it was em-
phasized that EM is much more likely to be caused by
infectious agents than drug intake [8].

The histopathologic similarity between thrombotic
vessels in oral lesions and the pulmonary diffuse thrombotic
disease of SARS-CoV-2-infected patients was considered in
favor of true oral manifestations. Microscopic observation of
epithelial vacuolizations and exocytosis in addition to
chronic inflammatory infiltration, necrosis, and hemorrhage
in the absence of intubation trauma or other sources of
infections was also suggested to be an indication of true
lesions [18].

ACE2 is expressed in oral mucosa, particularly in epi-
thelial cells of the tongue [22]. Damage caused by viral entry
into vascular and mucosal cells through ACE2 attachment
has been used to explain oral erosion [19], lingual pain [31],
and inflammatory reactions [17] in COVID-19.

4.2.2. Rationale against Oral Lesions Being a True Result of
SARS-CoV-19 Infection. Many agree that emotional stress
[31, 32, 34] during lockdown can be the source of herpetic
lesions, especially in those with underlying diseases related
to a worse outcome [35].

Other explanations for oral lesions in COVID-19 pa-
tients include “coinfection” with HSV [31] or bacterial
agents like those found in acute necrotizing gingivitis [26],
“misdiagnosis” of other viral diseases such as herpes zoster
[32, 34] or herpes simplex, “similarity of mild COVID-19
with other infections” [34], “reactivation” of oral HSV-1
[9, 34, 36], “co-occurrence” of herpes zoster and EM-like
lesions [36] and COVID-19, “strong association” between
herpes zoster and COVID-19 [32], and “overlapping dis-
eases” [34].

Oral manifestations in COVID-19 have also been
attributed to adverse effects of treatments [17, 34], use of
antiseptic substances applied orally [31], drug-associated
immunosuppression predisposing the patient to oppor-
tunistic infections [34], systemic health decline leading to
secondary lesions [17], poor oral hygiene [31], and
traumatic injuries [34]. Lack of synchronous occurrence
of some of the reported lesions with the symptomatic
phase of COVID-19 has also been used to reject true oral
lesions [35].



Absence of oral symptoms in reports from active pan-
demic epicenters around the world, no self-reported oral
lesions by patients on Twitter, and not observing any in-
dividuals with oral manifestations by researchers who
interviewed COVID-19 patients for taste/smell disorders
were also listed as factors against the direct association of
SARS-CoV-2 and oral lesions [35].

4.3. Coinfection or Co-Occurrence of Other Pathogens in
COVID-19. Signs and symptoms indicative of other infec-
tious diseases in COVID-19 may prove to be coinfection or
co-occurrence, but their observation deserves attention.

Viruses. Varicella-like exanthema is being repeatedly
reported in COVID-19 patients [15, 16, 37]. Some have
mentioned it as a varicella-like exanthema specific to
COVID-19, with absent-mild pruritus, which is in contrast
to true varicella [37]. Galvan Casas et al. [7] raised the
question as to whether SARS-CoV-2 could truly create
varicella-like lesions and suggested the concept of coin-
fection. Others have tested the vesicle fluid of COVID-19
patients using herpesvirus (HV) family microarray PCR and
reported combinations of HSVs, EBV, and VZV. Due to the
lack of simultaneous testing of SARS-CoV-2, its additional
participation was not rejected, but it was suggested that HSV
and VZV should be ruled out before considering vesicular
lesions as being COVID-19-related [15]. On the other hand,
it has been proposed to regard herpes zoster as a sign of
latent SARS-CoV -2 infection, even in individuals with none/
mild upper respiratory symptoms. The premise was based on
the lymphopenia known to accompany COVID-19, which is
known to cause impaired antiviral response and promote
HV recurrence [15, 16]. Fernandez-Nieto et al. [16] reported
negative PCR results of SARS-CoV-2 in the vesicular fluid of
3/15 patients who exhibited recurrent herpes simplex or
localized herpes zoster. Both HV and SARS-CoV-2 were also
negative in the vesicular fluid of four COVID-19 patients
[38].

HSV and VZV have also been considered to accompany
oral manifestations of COVID-19 in different capacities
[34, 36]. At least 9 cases of oral HSV reactivation have been
reported in the literature; however, only some had definitive
test results to confirm HV and rule out SARS-CoV-2 [9].

Bacteria. Metagenomic analyses of COVID-19 patients
demonstrated high reads of bacteria, some of which are
involved in oral diseases [26]. The oral microbiome can
contribute to bacterial SARS-CoV-2 coinfection of the lungs
through mechanical and/or increased ventilation, cough,
and poor oral hygiene. The virus-bacteria interaction can
lead to modifications in cytokines and lymphocytic re-
sponses resulting in exacerbation of lung disease. Meticulous
oral health care was suggested, especially in those with severe
COVID-19 [39].

Fungi. Among 1059 hospitalized patients with confirmed
SARS-CoV-2, 53 had confirmed oropharyngeal candidiasis,
appearing as pseudomembranous lesions, white plaques,
and erythematous areas in the oral mucosa. Exaggerated
cytokine release and disturbances in cellular immune re-
sponse may be responsible for fungal coinfections. The
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importance of examining fungal infections in COVID-19
patients was highlighted [25].

4.4. Overview and General Perspective. Since the COVID-19
outbreak, lesions that were routinely diagnosed before the
pandemic are being contemplated differently. For example, a
febrile patient presenting with pharyngotonsillitis and nu-
merous posterior oral vesicles and ulcers would have been
diagnosed as primary herpes simplex infection, whereas with
the current situation and reports of similar lesions in
COVID-19, the clinician may reconsider and hesitate before
making this diagnosis. General concern about workplace
contamination and the possibility of staff infection and viral
transmission have further complicated the situation and
resulted in a possible overdiagnosis of COVID-19.

Highlighting the lack of oral presentation in COVID-19
was suggested to be important by those opposed to the idea
of true SARS-CoV-2-related oral lesions. This was to
eliminate unnecessary stress among patients with mere oral
symptoms and to help clinicians make accurate treatment
decisions when encountering oral ulcers, vesiculobullous
lesions, or inflammation. Based on this notion, these types of
lesions should not be considered as being related to SARS-
CoV-2 infection and be managed routinely [35].

This might be true if we assume that COVID-19 defi-
nitely could not be accompanied by oral manifestations.
However, there may be merit to the reasons given in favor of
true oral lesions in this disease. For example, the relationship
between COVID-19-induced inflammation/microthrombi
[7] and the abovementioned cases [6, 7, 10, 31] seems logical.
Inflammation can both directly cause tissue damage and
indirectly pave the way for other issues like increased hy-
persensitivity. Additionally, the demonstration of ACE2
receptors in the oral mucosa [22] and viral particles in saliva
[40] can support or at least raise the possibility of true
COVID-19 oral lesions [19, 20]. Some studies have reported
oral lesions early in the course of disease [7, 10] or their
occurrence without conventional systemic symptoms [6].
Therefore, disregarding them completely may result in
missing a positive case leading to infection spread.

Appearances similar to other infections do not take away
from the attention that should be given to lesions en-
countered in COVID-19 and cannot provide definitive
evidence to rule out SARS-CoV-2 infection. Moderation
should be employed in the diagnostic process, and until
definitive information is available on pathognomonic oral
lesions of COVID-19, the list of differential diagnoses for an
erythematous desquamative ulcerative lesion or purpura on
the oral mucosa should also include SARS-CoV-2 infection
as a possibility and the patient be advised to practice caution
and be tested if necessary.

4.5. Hypotheses for Patient Management, Prompting Further
Research. SARS-CoV-2 infection remains a public health
issue, and to date, there are no definitive or specific treat-
ment modalities for infective individuals, and worldwide
vaccination has not been achieved. Therefore, repurposing
safe, available, and affordable drugs that target any of the



International Journal of Dentistry

pathways involved in COVID-19 might be helpful as ad-
juncts in the management of patients with this disease. A few
approaches that require further research are proposed.

Proton pump inhibitors reduce stomach acid by forming
an irreversible bond to hydrogen/potassium ATPase in
gastric parietal cells [41]. They have been suggested as
treatment options and conversely as risk factors [42] for
COVID-19. However, there are studies that support their
inhibitory effects on infectious agents that are frequently
found in COVID-19 coinfections like HSV-1/ HSV-2 [43]
and Candida albicans [44]. Whether the use of these drugs is
beneficial or detrimental to COVID-19 patients needs fur-
ther investigation.

Photodisinfection or antimicrobial photodisinfection
therapy is a noninvasive technique that uses light irradiation
to excite a photosensitizer molecule into a cytotoxic state [45].
It has been employed for treating oral and other infectious
diseases. SARS-CoV-2 exists in saliva and can attach to ACE2
receptors in the oral cavity [22, 40]. The bronchoalveolar
lavage fluid of COVID-19 patients has been shown to possess
oral pathogens, which can lead to coinfections, highlighting
the importance of eliminating oral infections [39]. Photo-
disinfection might be an option to decrease viral/microbial
load in the oral cavity, especially in the initial stages of
COVID-19 symptom onset when salivary viral load is highest
[40]. This might help reduce transmission of SARS-CoV-2 in
addition to decreasing the chance of pulmonary coinfections.
Considering that photosensitizers can affect the performance
of antimicrobial photodisinfection therapy, evaluating agents
like curcumin with anti-inflammatory/antimicrobial activities
[45] could be an intriguing idea for further research. Other
studies have also highlighted the importance of reducing
salivary viral load and suggested the use of mouthwashes,
especially in dental settings [46].

Endogenous opioids are compounds with anti-inflam-
matory and immunomodulatory features [47] suggested as
potential safe treatment agents for COVID-19, especially in
those accompanied by cytokine storm [48]. However, they
can increase susceptibility to some oral infections and have
been shown to potentiate HSV-1-induced encephalitis after
acute exposure [49]. The applicability of these agents in
COVID-19 requires additional investigation.

SARS-CoV-2 spike subunits bind to ACE2 receptors,
after which cleavage takes place mainly through trans-
membrane protease serine 2, but also by other polyprotein
convertases, like furin and cathepsin [6]. Adaml10 and
Adam17 are ACE2 sheddases and are expressed in normal
oral epithelium [50] adding to the chance of virus fusion and
increased tropism. Their upregulation in oral squamous cell
carcinoma [51] might indicate a higher chance of SARS-
CoV-2 infection in patients with this cancer. This requires
further exploring while taking into account that pharma-
ceutical blockers have been developed against these shed-
dases [51].

5. Conclusion

To date, a total of 100 COVID-19 patients were reported to
have oral lesions, including reactivations, coinfections, and

co-occurrences. Based on current data, it is not possible to
determine with certainty, whether these lesions are a direct
result of SARS-CoV-2 infection or due to other causes like
stress, coinfection/co-occurrence, or drug reactions. There
are justifications in support of both concepts. At this time,
observing oral lesions similar to those reported in COVID-
19 patients can neither confirm nor rule out the disease
without additional testing. Similarly, considering the pos-
sibility of coinfection, even with a definite diagnosis of a
non-COVID-19 lesion, we cannot be certain of the absence
of COVID-19. Until the pandemic is under control, research
on available safe drugs or techniques could be helpful in the
introduction of substances that can be used as adjuncts to
COVID-19 management.
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