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Pathological Mechanisms of Oral Manifestations in Patients with COVID-19
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— ABSTRACT —

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, is rapidly spreading worldwide. Oral manifestations of COVID-19, including sore throat, loss
of taste, dry mouth, and ulceration have been widely reported. SARS-CoV-2 enters host cells using angiotensin-
converting enzyme 2 (ACE2) and transmembrane protease serine 2 (TMPRSS2). Therefore, high levels of
expression of ACE2 and TMPRSS2 may enhance SARS-CoV-2 invasion. ACE2 and TMPRSS2 were expressed
in the taste bud and intermediate layer of the squamous epithelia of tongue papillae. Additionally, ACE2 and
TMPRSS2 were co-expressed in the ductal epithelium and acinar cells of salivary glands and in the neuronal cell
body of trigeminal ganglia. SARS-CoV-2 directly invades the oral taste buds, causing loss of taste. Additionally,
the possibility of neuroinvasion innervation of taste bud cells cannot be excluded. SARS-CoV-2 spreads
around the suprabasal areas of the oral squamous epithelia, and invades the trigeminal nerve, resulting in oral
manifestations. SARS-CoV-2 can directly invade the parotid and submandibular glands, as well as minor salivary
glands, through the duct orifice. This may lead to sialadenitis and salivary contamination. (J Clinical Otolaryngol

2021;32:163-169)
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Fig. 1. Expression of ACE2 and TMPRSS2 in the papillae of the tongue. ACE2 staining (A, brown), and TMPRSS2 staining

(B, brown). ACE2 and TMPRSS2 were not expressed in the basal layer, but the expression increased towards the ma-
ture keratinocytes in the suprabasal layer. ACE2- and TMPRSS2-positive cells were seen in the taste buds (arrowhead)
of the fongue. ACE2: angiotensin-converting enzyme 2, TMPRSS2: transmembrane protease serine 2 (Bar = 50 um).

Fig. 2. Expre55|on of ACE2 and TMPRSS2 in the fngemlnol ganglion. ACE2 staining (A, brown), and TMPRSS2 staining

(B, brown). ACE2 and TMPRSS2 were expressed in neuronal cell bodies (arrowhead), but not in Schwann cells. ACE2:
angiotensin-converting enzyme 2, TMPRSS2: fransmembrane protease serine 2 (Bar = 50 um).
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Fig. 3. Expression of ACE2 and TMPRSS2 in the oral mucosa. ACE2 staining (A and C, brown) and TMPRSS2 staining
(B and D, brown) of buccal mucosa (A and B) and soft palate (C and D). In the buccal mucosa, ACE2- and TM-
PRSS2-positive cells were more abundant in the intermediate layer than in the basal and superficial layers. Unlike the
tongue epithelium, the expression of ACE2 and TMPRSS2 was in the basal layer. Soft palate mucosa, unlike tongue
and buccal mucosa, showed weak expression of both ACE2 and TMPRSS2 in a few superficial kerafinocytes. ACE2:
angiotensin-converting enzyme 2, TMPRSS2: transmembrane protease serine 2 (Bar = 50 um).
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Fig. 4. Expression of ACE2 and TMPRSS2 in capillary. ACE2 (A, brown) and TMPRSS2 (B, brown) were strongly stained in
the capillaries (arrowhead). ACE2: angiotensin-converting enzyme 2, TMPRSS2: fransmembrane protease serine 2 (Bar

=50 um).
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Fig. 5. Expression of ACE2 and TMPRSS2 in the salivary gland. ACE2 staining (A, C, and E, brown), and TMPRSS2 stain-
ing (B, D, and F, brown) in the parotid (A and B), submandibular (C and D), and minor salivary glands (E and F). Both
ACE2 and TMPRSS2 were strongly expressed in all salivary gland ductal cells (arowhead). In the acinar cell, ACE2
and TMPRSS2 were strongly stained in the parotid gland, whereas ACE2- and TMPRSS2-positive cells were sporadi-
cally present in the submandibular and minor salivary gland(Bar = 50 um). ACE2: angiotensin-converting enzyme 2,

TMPRSS2: transmembrane protease serine 2.

167



J Clinical Otolaryngol 2021;32:163-169

M
rhu

SARS—-CoV—2%& U n|ZN2E H§ste] u|zhA]
35 Yok E3k njzhilA o] 2 H el A 74
= HiAIE 4= glth SARS—CoV—2+ RE 17

Noz sAte 4P HYHO

%_7]_% o =
o= o
Z s, nAg e &3S ERAA U o9 S
AFS Ao itk SARS—CoV—2+ 743 Qo] 9|8t
AP ofzt, oshAl 2 FEflAlolE 23H
o sk, o= Qs FA erolaIgo] WAL ol
on, Elo} S Fa A Uelo] B 4 glrt
Acknowledgements
Not applicable.
Funding Information

This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korea government (MSIT)
(No.NRF-2020R1F1A 1064763 to Gicheol Park).

Contflict of Interest

No potential conflict of interest relevant to this article was report-
ed.

ORCID
Gi Cheol Park, https://orcid.org/0000-0001-7346-8550

Author Contribution
The article is prepared by a single author.

Ethics Approval
Not applicable.

References

1) Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A
novel coronavirus from patients with pneumonia in China,
2019. N Engl J Med 2020;382(8):727-33.

2) Epidemiology Working Group for NCIP Epidemic Response,
Chinese Center for Disease Control and Prevention. The
epidemiological characteristics of an outbreak of 2019 novel

168

coronavirus diseases (COVID-19) in China. Zhonghua Liu
Xing Bing Xue Za Zhi 2020;41(2):145-51.

3) Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al.
China Medical Treatment Expert Group for Covid-19. Clin-
ical characteristics of coronavirus disease 2019 in China. N
Engl J Med 2020;382(18):1708-20.

4) Mercante G, Ferreli F, De Virgilio A, Gaino F, Di Bari M,
Colombo G, et al. Prevalence of taste and smell dysfunction
in coronavirus disease 2019. JAMA Otolaryngol Head Neck
Surg 2020;146(8):723-8.

5) Amorim Dos Santos J, Normando AGC, Carvalho da Silva
RL, Acevedo AC, De Luca Canto G, Sugaya N, et al. Oral
manifestations in patients with COVID-19: a living system-
atic review. J Dent Res 2021;100(2):141-54.

6) Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Her-
rler T, Erichsen S, et al. SARS-CoV-2 cell entry depends on
ACE2 and TMPRSS?2 and is blocked by a clinically proven
protease inhibitor. Cell 2020;181(2):271-80.e8.

7) Zang R, Gomez Castro MF, McCune BT, Zeng Q, Rothlauf
PW, Sonnek NM, et al. TMPRSS2 and TMPRSS4 promote
SARS-CoV-2 infection of human small intestinal entero-
cytes. Sci Immunol 2020;5(47):eabc3582.

8) Iranmanesh B, Khalili M, Amiri R, Zartab H, Aflatoonian M.
Oral manifestations of COVID-19 disease: a review article.
Dermatol Ther 2021;34(1):e14578.

9) Aziz M, Perisetti A, Lee-Smith WM, Gajendran M, Ban-
sal P, Goyal H. Taste changes (Dysgeusia) in COVID-19:
a systematic review and meta-analysis. Gastroenterology
2020;159(3):1132-3.

10) Biadsee A, Biadsee A, Kassem F, Dagan O, Masarwa S,
Ormianer Z. Olfactory and oral manifestations of COVID-19:
sex-related symptoms—a potential pathway to early diagno-
sis. Otolaryngol Head Neck Surg 2020;163(4):722-8.

11) Wang Z, Zhou J, Marshall B, Rekaya R, Ye K, Liu HX.
SARS-CoV-2 receptor ACE2 is enriched in a subpopulation
of mouse tongue epithelial cells in nongustatory papillae but
not in taste buds or embryonic oral epithelium. ACS Pharma-
col Transl Sci 2020;3(4):749-58.

12) Sato T, Ueha R, Goto T, Yamauchi A, Kondo K, Yamasoba
T. Expression of ACE2 and TMPRSS2 proteins in the up-
per and lower aerodigestive tracts of rats: implications on
COVID 19 infections. Laryngoscope 2021;131(3):E932-9.

13) Sawa Y, Ibaragi S, Okui T, Yamashita J, Ikebe T, Harada H.
Expression of SARS-CoV-2 entry factors in human oral tis-
sue. J Anat 2021;238(6):1341-54.

14) Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High
expression of ACE2 receptor of 2019-nCoV on the epithelial
cells of oral mucosa. Int J Oral Sci 2020;12(1):8.

15) Okubo T, Clark C, Hogan BLM. Cell lineage mapping of
taste bud cells and keratinocytes in the mouse tongue and
soft palate. Stem Cells 2009;27(2):442-50.

16) Yachou Y, El Idrissi A, Belapasov V, Ait Benali S. Neuroin-
vasion, neurotropic, and neuroinflammatory events of SARS-
CoV-2: understanding the neurological manifestations in
COVID-19 patients. Neurol Sci 2020;41(10):2657-69.

17) LiZ, Liu T, Yang N, Han D, Mi X, LiY, et al. Neurological



manifestations of patients with COVID-19: potential routes
of SARS-CoV-2 neuroinvasion from the periphery to the
brain. Front Med 2020;14(5):533-41.

18) Zubair AS, McAlpine LS, Gardin T, Farhadian S, Kuruvilla
DE, Spudich S. Neuropathogenesis and neurologic manifes-
tations of the coronaviruses in the age of coronavirus disease
2019: a review. JAMA Neurol 2020;77(8):1018-27.

19) Beidler LM, Smallman RL. Renewal of cells within taste
buds. J Cell Biol 1965;27(2):263-72.

20) Delay RJ, Roper SD, Kinnamon JC. Ultrastructure of mouse
vallate taste buds: II. cell types and cell lineage. ] Comp
Neurol 1986;253(2):242-52.

21) Maccio U, Zinkernagel AS, Shambat SM, Zeng X, Cathomas
G, Ruschitzka F, et al. SARS-CoV-2 leads to a small vessel
endotheliitis in the heart. EBioMedicine 2021;63:103182.

22) Ostergaard L. SARS CoV-2 related microvascular damage
and symptoms during and after COVID-19: consequences of
capillary transit-time changes, tissue hypoxia and inflamma-
tion. Physiol Rep 2021;9(3):e14726.

23) Elbadawi LI, Talley P, Rolfes MA, Millman AJ, Reisdorf
E, Kramer NA, et al. Non-mumps viral parotitis during the

H71E  F2UH0 AL SEE 199 FUS AT He 71T

2014-2015 influenza season in the United States. Clin Infect
Dis 2018;67(4):493-501.

24) Lau RK, Turner MD. Viral mumps: increasing occurrences
in the vaccinated population. Oral Surg Oral Med Oral Pathol
Oral Radiol 2019;128(4):386-92.

25) Kessler AT, Bhatt AA. Review of the major and minor sal-
ivary glands, part 1: anatomy, infectious, and inflammatory
processes. J Clin Imaging Sci 201;8:47.

26) Riad A, Kassem I, Badrah M, Klugar M. Acute parotitis as a
presentation of COVID-19? Oral Dis Online 2020;13571.

27) Xu J, LiY, Gan F, Du Y, Yao Y. Salivary glands: potential
reservoirs for COVID-19 asymptomatic infection. J Dent
Res 2020;99(8):989.

28) Pascolo L, Zupin L, Melato M, Tricarico PM, Crovella S.
TMPRSS2 and ACE2 coexpression in SARS-CoV-2 salivary
glands infection. J Dent Res 2020;99(10):1120-1.

29) Song J, Li Y, Huang X, Chen Z, Li Y, Liu C, et al. System-
atic analysis of ACE2 and TMPRSS2 expression in salivary
glands reveals underlying transmission mechanism caused
by SARS-CoV-2. ] Med Virol 2020;92(11):2556-66.

169



