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ABSTRAK

Latar Belakang: Pandemi Coronavirus Disease —19 (COVID-19) adalah sindrom pernafasan akut yang parah,
disebabkan oleh Severe Acute Respiratory Syndrome Corona Virus—2 (SARS-CoV-2) dan berdampak di seluruh
negara. Penyakit ini menyebar terutama melalui jalur pernapasan. Gangguan rasa pengecapan adalah salah satu
gejala awal COVID-19. SARS-CoV-2 menyerang tubuh manusia melalui reseptor Angiotensin — Converting
Enzyme 2 (ACE2). Populasi sel dengan peningkatan kadar ACE2 yang diekspresikan pada sel epitel paru, jantung,
usus, ginjal, pembuluh darah, otak, dan mukosa mulut akan menjadi paling rentan terkena infeksi virus. Adhesi
protein spike SARS-CoV-2 ke ACE2 menyebabkan penurunan regulasi ACE2, yang mengakibatkan peningkatan
Angiontensin 11 (Ang I1). Ang Il memiliki efek menurunkan respon terhadap rasa pengecapan dan mengatur
amiloride — garam sensitif dan reaksi terhadap rasa manis. Tujuan: Menyoroti, mengeksplorasi dan menjelaskan
kemungkinan mekanisme penurunan rasa pengecapan pada infeksi SARS-CoV-2. Metode: Menganalisis jurnal
dari database Google Scholar, Perpustakaan Nasional Republik Indonesia, Science Direct, EBSCO, dan PubMed
dari tahun 2011 sampai dengan tahun 2021. Kesimpulan: Patogenisitas dan kemampuan SARS-CoV-2 dalam
gangguan rasa pengecapan melalui ACE2 yang mengarah akumulasi Angiotensin Il dan mengakibatkan terjadinya
penekanan respons rasa, hamun masih dibutuhkan investigasi lebih lanjut untuk memastikan mekanisme yang
pasti.

Kata kunci: COVID-19, SARS-CoV-2, gangguan pengecapan, ACE2, Ang Il, amiloride

ABSTRACT

Background: Corona virus disease — 19 (COVID-19) pandemic is a syndrome caused by infection of severe acute
respiratory syndrome corona virus—2 (SARS-CoV-2) and impacting all over the countries. Gustatory impairment
is one of early illness and signs in COVID-19. The SARS-CoV-2 invades the person body via angiotensin —
converting enzyme 2 (ACEZ2) receptors. Cell populations with elevated level of expressed ACE2 (epithelial cells
of the pulmonary, cardiac, intestinal, renal, blood vessels, brain and oral mucosa) will be most vulnerable from
viral infection. The adhesion of SARS- CoV-2 spike protein to ACE2 caused ACE2 downregulation, result in an
enhancement of Angiontensin Il (Ang I1). Ang Il has suppressive effects on gustatory responses and regulates
amiloride — sensitive salt and sweet sense reactions. Purpose: Highlights and explores the possible mechanisms
of the taste impairment of SARS-CoV-2 infection. Method: Journal analysis from Google Scholar, National
Library of the Republic of Indonesia, Science Direct, EBSCO, and PubMed databases from 2011 to 2021.
Conclusion The pathogenicity and capability of SARS-CoV-2 in taste impairment via ACE2 leading to
Angiotensin Il accumulation and as a consequence of suppressive effects on taste responses. Further investigation
to ascertain its mechanism is needed.

Keywords: COVID-19, SARS-CoV-2, taste impairment, ACE2, Ang Il, amiloride

INTRODUCTION Acute  Respiratory Syndrome  Coronavirus-2
. ) ] (SARS-CoV-2) and infected most people
Corona virus disease - 19 (COVID-19) is a throughout the world. People infected with the

novel coronavirus infection inflicted by Severe
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COVID-19 virus will suffer many symptoms from
mild to moderate respiratory disorders. The World
Health Organization (WHQO) declared it as a global
epidemic only 2 and a half months after the outbreak
of the disease.! Oral health worker may be exposed
to variety of bacteria, viruses, fungi and protozoan
from many sources in a highly infected condition.?

The transmissions of SARS-CoV-2 s
basically via aerosol, small drops of saliva or
emanation from the upper respiratory tract when a
contagious person coughs or sneezes causing an
aerosol.> Meanwhile, the virus also has been
detected in asymptomatic persons. Based on
People’s Republic of China (PRC) information, the
international WHO mission report confirms as far as
75% of initially asymptomatic cases will progress to
clinical disease, causing the true asymptomatic
infection rather rare (estimated at 1-3%).* Patients
with SARS-CoV-2 infection often have main illness
such as fever, dry cough and fatigue, and
subordinate illness i.e. pharyngeal pain, abdominal
pain, diarrhoea and conjunctivitis.>6”

The British Rhinological Society and ENT
UK reported anosmia in 10 — 15% SARS-CoV-2
infected patients, in Republic of Korea, about 30%
of cases with confirmed COVID-19 test experienced
olfactory disorder as a major presenting symptom.®
While in German, about 66% over 100 patients who

Data Base Google Scholar: n:2302, Science
direct: n :10, Pubmed: 20, EBSCO: n:20

I

Articles discuss about COVID-19, SARS-CoV-2: 16

1

had an interview reported loss of smell and taste
lasting for several days and 50% occurred after the
earliest respiratory symptoms. According to the
American Academy of Otolaryngology, patient with
positive Covid-19 experienced anosmia or hyposmia
and ageusia although had no other symptoms.’
SARS-CoV-2 is able to persist active and contagious
in aerosols for period of time and on superficies until
few days (determined by the inoculum shed).1°

As an oral health care worker, dentist must
aware with these symptoms especially dental patient
with smell and taste impairment who had an
emergency dental condition, and anticipate with
referral to the medical doctor for testing for COVID-
19 according to local health regulation.

METHOD

This review was made based on reference
sources or references obtained from articles,
journals, textbooks, and websites accessed through
the Google Scholar database, Science Direct,
EBSCO, PubMed and searched for the keywords
COVID-19, SARS-CoV-2, taste impairment,
gustatory impairment, ACE2, Ang I, amiloride. The
reference journals were taken in the form of research
and descriptive journals published from 2011-2020.

Inclusion

: Articles related to impact of COVID-19, SARS-

CoV-2, taste impairment, gustatory impairment,
ACE2, Ana Il, amiloride

1

Screening of titles and abstract relevance: 41 <:|

Exclusion
Articles not related to impact of COVID-19,
SARS-CoV-2, taste impairment, gustatory
impairment, ACE2, Ang II, amiloride

Articles discuss about taste impairment, gustatory
impairment, ACE2, Ang II, amiloride:15

1l

IArticles relevant to the theme of literature review: 3

Figure 1. Publishing flowchart of all databases

RESULT
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Total of 2.352 articles were collected, titles
and abstracts of all articles were reviewed and
checked for the relevancy to the inclusion criteria,
only articles in English language was included.
Figure 1 demonstrates the selection process in this
review. Articles which included details about its
mechanism of action Ang Il and amiloride in taste
impairment of SARS CoV-2 infection were
included. After data extraction process, a total of 3
articles relevant to the theme of literature review
were accepted and included. Table 1 shows the
result of research on taste impairment as a crucial
symptom of COVID-19.

Singer-Cornelius T et al. study confirmed a
total of the 41 patients complained subjective
olfactory and gustatory disorders followed Brief
Smell Identification Test, and taste strips test.
Impartially, all of the symptomatic patients had
reduced senses of taste (hypogeusia or ageusia)
according to sum scores accomplished on Burghart
test. No statistic significant was found among

https://journal.moestopo.ac.id/index.php/mderj
EISSN : 2776-0820 ISSN: 2776-0839

symptomatic and asymptomatic gustatory disorder
in patients when being tested with taste qualities.*

Lechien JR et al. reported 154 males out of a
total of 417 mild-to-moderate Covid-19 patients
with the most common manifestations comprised of
tussis, muscle pain and anorexia. A total of 85.6%
and 88.0% of patients complained olfactory and
gustatory dysfunctions. These dysfunctions were
significantly associated and olfactory disorder
emerged prior to the other manifestations (11.8% of
the patients). The initial olfactory improvement rate
was 44.0%. Females were significantly more
influenced by olfactory and gustatory dysfunctions
than males (p = 0.001).2

Yan CH et al informed that more than half of
the Covid-19 patients had olfactory and gustatory
impairment and inversely proportional to only
quarter of non-Covid-19 patients (2 test p < 0.001).
Less than half of COVID-19 patients had
improvement of smell and taste that provisionally
not correlated with clinical resolution of disease.*3

Table 1. Results of Research on Taste Impairment as a Crucial Symptom of COVID-19.

References Aims Methods Sample Result
Singer- To know the frequency  Questionnaire and n=41 A significant loss of sour (33.3%
Cornelius T of olfactory and Brief Smell (13/39)) and salty taste (17.9%
et al. gustatory impairment in  Identification Test (7/39)); 10.3% (4/39) had a
(2020)'*  virulence of SARS- (BSIT) reduction in sweet and bitter taste.
CoV-2 and Burghart taste 9.8% (4/41) showed a deficit
strip test relative to younger age in the BSIT
Lechien JR  To evaluate the smell and taste n=417 Significant association between
etal. prevalence of smell and  questionnaires smell and taste impairment with
(2020)*? taste impairment in female predilection to suffer taste

definitive
COVID-19 humans
Yan CHet To evaluate symptoms

stated symptoms  n=

and smell disorders than males.
p<0.001.
Olfactory and gustatory disruption

al. 2020'®  of olfactory and with a centered on 1480 were strongly related with COVID-
gustatory impairment altered olfactory 19 positivity (anosmia: [aOR] 10.9;
for patient underwent and gustatory 95% ClI, 5.08-23.5; ageusia: aOR
testing for COVID-19 function 10.2;
95% Cl, 4.74-22.1)
DISCUSSION loss of full control of bodily movement and

Systemic Symptoms

SARS-CoV-2 infection causes Severe Acute
Respiratory Syndrome with primary symptoms and
illness such as febrile, tussis, muscle pain, or
weakness and secondary symptoms such as sputum
secretion, cephalgia, hemoptysis, and diarrhoea.>®
SARS-CoV-2 also has implicated various
neurological symptoms comprising of the
implication of the systema nervosum consist of the
brain and spinal cord (lightheadedness, cephalgia,
defective cognition, acute cerebrovascular disease,
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seizures), peripheral nervous system (flavor, smell,
and eyesight defect and also nerve pain)
andskeletomuscular injury.> All of neurological
symptoms can indicate the potency of neurotropism
and neurovirulence of of SARS-CoV-2.14

Taste Mechanism

Gustatory bulbs contain gustatory receptors
and innervated by the seventh, ninth and tenth
cranial nerves. For salted and acid sensations, these
sensations are assured which pore forming
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membrane proteins on taste cells act as
receptors.*>’> The taste receptors have seven
transmembrane domains'®. Hidrogen ion (H* and
Sodium (Na*) ions are streaming through the
channels into taste cell. G-protein coupled receptors
(GPCRs) attach taste group of chemically bonded
atoms in a kind of enzyme and the substrate
interaction with specific complementary geometric
shape technique. A family of three GPCRs, well
known as taste receptor family | member 1 (T1R1),
T1R2, and T1R3, perform parallelly (T1R1 + T1R3
for umami, and T1R2 + T1R3 for sweet) to
recognize group of chemically bonded atoms
transmitting flavor qualities for sweet, umami, and
bitter tastes. The acrid sense organs, the T2Rs,
constitute a fundamentally comprehensive cluster of
GPCRs, consist of 25 elements.'516

The gustatory differentiated structure of body
has several main constituents of renin angiotensin
system (RAS), specifically renin, angiotensinogen,
and angiotensin converting enzyme 1 (ACEL),
which enable the regional outcome of Ang Il in
gustatory bulbs. The RAS constituents are co-
expressed with o epithelial natrium channel
(aENaC) or T1R3 in a subdivision of gustatory cells.
Reactive result of immunohistochemistry of Renin
was located at the apex sections of gustatory cells
and significantly up regulated in response to water
deprivation. The distinctive alleviation of amiloride-
sensitive salt taste sensibility and elevation of sugary
taste sensibility can be interceded by pair local-
generated Ang Il (temporal feed forward
propagation) and circling Ang Il (sustained
balancing feedback propagation).*’

ACE, a zinc metalloendopeptidase which
serves qua a carboxyldirected dipeptidase, tranforms
Ang | to Ang I1.1®8 ACE2 is a type 1 integral
membrane glycoprotein®® and resistant to ACE
inhibitors.®® Ang Il has an effect on peripheral
amiloride-sensitive salt and sweet sensation
reactions calculated by Chorda Timpani (CT) nerve
recording. Ang Il selectively withholds amiloride-
sensitive salt taste perceptions, increases sweet taste
perceptions. Ang Il serves to regulate amiloride-
sensitive salt and sweet sensation feedback
autonomously through two different subdivisions of
taste  cell-expressing ENaC  and  T1r3,
correlatively.?

Route of Transmissions

Transmission via pulmonary droplets and
exposure with the mucous membranes is the major
paths of transmission of SARS- CoV-2. Virus and
its RNA could be discovered within digestive tract
and human feces.° Moreover, aerosol with
prolonged exposure in a relatively closed

environment such in dental clinic and fomite
transmission of SARS-CoV-2 is reasonable. Patient
can be a source of dental aerosol and depends on site
and type of treatment procedure. Saliva, nasal and
throat discharge, blood, dental biofilm, plaque and
calculus with associated periodontal diseases
influence the amount and composition of dental
aerosol.?

Gustatory disorder in COVID-19 patients
was more often occur in female compare with male
patient according to study held by Liechen et al %2,
while study conducted by Yan et al. did not diverse
among gender. The mechanism of gender diversity
still remains unclear.**'? Gustatory and olfactory
disorders can be divides into three main types of
absences: transport; sensory, and neural absences.
Sensory absences are caused by destruction of the
sensory tissues for instance as in viral infection
which decrease cell alteration or directly convert
cells, which can impair taste and smell function. 2
Neural absences as results of destruction of the
peripheral nervous system which interceded
gustatory and flavor info or to the brain and spinal
cord.?t

The peplomer(s) protein facilitates SARS-
CoV-2 to analyze protein on the surface or interior
of cell which has an affinity for ACE2 in the
stratified epithelial cells of mucosa preferentially in
mouth and penetrate human cells, would spread to
the other part of body through the vascular system
and conduce a cytokine storm if favor by clinical
conditions and not arrested by an efficient immune
response, 222324

The similarity among three studies is the
subjects of these studies was mild-to-moderate
COVID-19 patients, defined as patients without
need of intensive cares. The difference among these
studies is objective examination for taste impairment
which was done by Cornelius TS et al.** The taste
qualities “sour” (33.3%) and “salty” (17.9%) were
significantly reduced in outpatient cohort!* while
chemosensory impairments were at least 10-fold
more common in COVID-19-positive cases
compare with COVID-19-negative individuals,
both presenting with similar influenza-like
symptoms.*2

The central nervous system (CNS) would
become a potential target because has ACE2
receptors which have been located over neuroglia
and nerve cells. The movement of the SARS-CoV-2
to the CNS through the lamina cribirosa of the
ethmoid bone adjacent to the bulbus olfactorius
could be a supplementary route which allow the
virus to gain and influence the CNS. Consecutive
asexual reproduction of the virus fragments from the
capillary endothelial cells and injury to the
endothelial basement membrane could facilitate
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entry of virus to the CNS. Once inside the
surroundings of the neuroglial cells, its reciprocal
action with ACE2 receptors manifested in neurons
commence a sequence of viral budding coexist with
neuronal injury in the absence of significant immune
system’s natural response to cellular injury as has
been noticed with episodes infection of SARS-CoV-
1 in 2004. Additionally, this discoveries like a
changed odor of smell or hyposmia in a non - life
threatening early stage of covid-19 must be studied

completely for CNS association and implication.
11,12,22

Moreover, protein on the surface or interior
of cell which has an affinity for ACE 2 is exploited
by SARS-CoV-2 to attach as well as invade the cell,
parallel with ACEZ2 is extensively manifested in the
oral mucosal epithelial cells.!! The degree of ACE2
representation in cavum oris tissues was more
prominent and excessive in lingua than buccal or
gingival tissues. These reports indicated cavum oris
tissues could be regarded as possibly high risk for
SARS-CoV-2 infectious  awareness®  and
pathogenesis of taste impairment.

It is assumed also that SARS-CoV-2 are
presented in oral fluid and capable to bond with
gustatory sense differentiated body structure and
hence disrupt the perception of sweet and acrid
tastes. Study showed sensations of Na* and acid are
obtained by ion channels (NaCl; amiloride-sensitive
epithelial NaCl channel, acid; amiloride-sensitive
epithelial Na channels and H+-activated cation
channels).?®> The salivary SARS-CoV-2 might
inhibit ion channels and disrupt salt and acid tastes.
The further studies must be achieved in order to
identify SARS-CoV-2 contained in saliva and
several oral fluids followed with its metabolite.

In rodent specimen, specific adherence of
SARS-CoV peplomer(s) protein to ACE2 induce
reduction of ACE2 sensitivity, causing to an
enhancement of Ang I1.1%Y7 ACE2 is a crucial
counterrally  catalytic protein complex that
breakdown angiotensin Il into angiotensin-(1-7).
Covid-19 infected patients emerged to experience
increased degree of plasma angiotensin Il and local
RAAS activation.?

Ang Il has suppressive effects on taste
responses. the decline of CT nerve reaction and
perception to sodium chloride by Ang Il may be
consequence of modulation of ENaC activity by
cAMP in taste cells. On contrary, Ang Il enhanced
sweet taste. responses via endocannabinoids and
GLP-1. GLP-1 signaling escalates sweet and sour
sensation reactivity. Endocannabinoids specifically
increase reactivity of sweet sensation via CB1
receptors on the sweet taste cells expressing T1r3.
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The CB1 receptors are trans-activated by
Angiotensin 1l receptor type | (AT1). Ang Il and
sweet taste compounds normally turn on the
phospholipase C signaling pathway by AT1 and
T1r2 +T1r3 receptors, successfully, which
intensifies discharge of inositol-1,4,5, trisphosphate
and diacylglycerol (DAG). DAG lipase breaks water
from DAG in order to generate an endocannabinoid
[2-arachidonaylglycerol (2-AG)]. If any sequence of
chemical transformations occurs in taste cell for
AG2, discharged 2-AG can serve as a boost
autocrine signaling for CB1 receptors on sweet taste
cells.?

Ang Il regulates amiloride — sensitive salt
and sweet sensation reactions and feedback. The
influence of Ang Il on gustatory perceptions is by
AT1 receptors.

The gustatory differentiated structure is
suggested as a recently comprehend auxiliary
objective of Ang II’s processes, and the particular
alleviation of amiloride-sensitive salt response
receptivity by Ang Il can assist to increased natrium
absorption. Ang Il works on AT1 and AT2 mayor
subtypes receptors. AT1 receptors are extensively
circulated alongside the body and capable for
mediating sodium reabsorption. Ang Il receptors are
detected in peripheral taste cells while Ang Il which
circulate will additionally respond in modulating
amiloride — sensitive salt feedback which in turn
hypothesized causing taste impairment.*t2°

CONCLUSION

The pathogenicity and capability of SARS-
CoV-2 in taste impairment via ACE2 leading to
Angiotensin Il accumulation and as a consequence
of suppressive effects on taste responses. Further
investigation to ascertain its mechanism is needed
with structured questionnaires, level of serum Ang
I, and objective tests in order to differentiate of
salty, sweet, sour, bitter and umami taste and
qualities.

REFERENCES

1. Susilo A, Rumende CM, Pitoyo CW, Santoso
WD, Yulianti M, Herikurniawan, et al.
Coronavirus Disease 2019: Review of Current
Literatures. Jurnal Penyakit Dalam Indonesia.
Maret 2020; 7(1): 45-63

2. Noordien N, Mulder-van Staden S, Mulder R. In
Vivo Study of Aerosol, Droplets and Splatter
Reduction in Dentistry. Viruses. 2021 Sep
25;13(10):1928.



M-DER] FKG UPDM (B)
Possible Mechanisms of Taste Impairment as a Crucial Symptom Of Covid-19

10.

11.

12.

Zhou W, Zhong N, Zhu S, Chen Q, Li J.
Coronavirus Prevention Handbook 101 Science
— Based Tips That Could Save Your Life. Hubei
Science and Technology Press,2020:1-28.

European Centre for Disease Prevention and
Control. Novel coronavirus disease 2019
(COVID-19) pandemic: increased transmission
in the EU/EEA and the UK — sixth update — 12
March 2020. Stockholm: ECDC; 2020.

JinH, Hong C, ChenS, etal. Consensus for
prevention and management of coronavirus
disease 2019 (COVID-19) for neurologists.
Stroke & Vascular Neurology 2020;0.

Jiang X, Rayner S, Luo M-H. Does SARS-CoV-
2 have a longer incubation period than SARS and
MERS? J Med Virol. 2020; 92:476-478.

Khalili M, Karamouzian M, Nasiri N, Javadi S,
Mirzazadeh A, Sharifi H. Epidemiological
Characteristics of COVID-19; a Systemic
Review and Meta-Analysis [cited 2020 April
14]. Available from:
https://www.medrxiv.org/content/10.1101/2020
.04.01.20050138v1.full.pdf

Lacobucci G. Sixty Seconds on Anosmia. BMJ.
2020;368:m1202

Coronavirus Disease 2019: Resources. [updated
2020; cited 2020 April 14]. Available from
https://www.entnet.org/content/coronavirus-
disease-2019-resources

Doremalen NV, Gamble A, Tamin A;
Williamson B. Aerosol and Surface Stability of
SARS-CoV-2 as Compared with SARS-CoV-
1. N Engl J Med; March 2020:1-4

11.Singer-Cornelius T, Cornelius J, Oberle M,
Metternich FU, Brockmeier SJ. Obijective
gustatory and olfactory dysfunction in
COVID-19 patients:

prospective cross-sectional study. European
Archives of Oto-Rhino-Laryngology (2021)
278:3325-3332

Lechien JR, Chiesa-Estomba CM, De Siati DR,
Horoi M, Le Bon SD, Rodriguez A, et al.
Olfactory and gustatory dysfunctions as a
clinical presentation of mild-to-moderate forms
of the coronavirus disease (COVID-19): a
multicenter  European study. Eur Arch
Otorhinolaryngol. 2020 Aug;277(8):2251-2261

13.

14.

15.

16.

17.

18.

19.

20.

Yan CH, Faraji F, Prajapati DP, Boone CE,
DeConde AS. Association of chemosensory
dysfunction and COVID-19 in patients
presenting with influenza-like symptoms. Int
Forum Allergy Rhinol. 2020 Jul;10(7):806-813.

Rodriguez-Morales AJ, Rodriguez-Morales AG,
Méndez CA, Herndndez-Botero S. Tracing New
Clinical Manifestations in Patients with COVID-
19 in Chile and its Potential Relationship with
the SARS-CoV-2 Divergence. Curr Trop Med
Rep.2020; 7(3): 75-78

Rakugi H, Ogihara T, Miyata Y, Sasai K,
Totsuka. N Evaluation of the efficacy and
tolerability of combination therapy with
candesartan cilexetil and amlodipine besilate
compared with candesartan cilexetil
monotherapy  and  amlodipine  besilate
monotherapy in Japanese patients with mild-to-
moderate essential hypertension: a multicenter,
12-week, randomized, double-blind, placebo-
controlled, parallel-group study.Clin Ther. 2012
Apr;34(4):838-48.

Mennella JA, Liem DG, Bobowski N. Taste and
Smell. In : Swaiman’s Pediatric Neurology.
Kenneth F. Swaiman, Stephen Ashwal, Donna
M. Ferriero, Nina F. Schor, Richard S. Finkel,
Andrea L. Gropman, et al. 6th ed. Philadelphia:
Elsevier;2017, pp. 58-64 Auvailable from
https://www.researchgate.net/publication/31712
3203

Shigemura N, Takai S, Hirose F, Yoshida R,
Sanematsu K, Ninomiya Y. Expression of
Renin-Angiotensin System Components in the
Taste Organ of Mice. Nutrients. 2019; 11,
2251:1-18

Giani JF, Veiras LC, Shen JZY, Bernstein EA,
Cao D, Okwan-Duodu D, Khan Z, Gonzalez-
Villalobos RA, Bernstein KE. Novel roles of the
renal angiotensin-converting enzyme. Mol Cell
Endocrinol. 2021 Jun 1;529:111257.

Tikellis C, Thomas MC. Angiotensin-
Converting Enzyme2(ACE2) Is a Key
Modulator of the Renin Angiotensin System in
Health and Disease. International Journal of
Peptides. 2012:1-8

Shigemura N, lwata S, Yasumatsu K, Ohkuri T,
Horio N, Sanematsu K, et al. Angiotensin Il
Modulates Salty and Sweet Taste Sensitivities.

Manuel 29



21.

22.

23.

MDER] Vol 2, No 1, Januari 2022, him 24-30
©2022. Published by FKG Prof.Dr.Moestopo (Beragama)

The Journal of Neuroscience. April 10,2013;
33(15):6267-77

Barrett KE, Barman SM, Boitano S, Brooks HL.
Ganong’s Review of Medical Physiology Smell
& Taste. In: eds., 25e. McGraw Hill; 2018.
Accessed March 31, 2022.
https://accessmedicine.mhmedical.com/content.
aspx?bookid=1587&sectionid=97163266

Baig AM, Khaleeg A, Ali U, Syeda H. Evidence
of the COVID-19 Virus Targeting the CNS:
Tissue Distribution, Host—Virus Interaction, and
Proposed Neurotropic Mechanisms. [cited April
10, 2020]. Available from
https://dx.doi.org/10.1021/acschemneuro.0c001
22

Huibin Lv, Wu NC, Tsang OTY, Yuan M, Perera
RAPM, Leung WS, et al. Cross-reactive
antibody response between SARS-CoV-2 and
SARS-CoV infections. BioRxiv [cited April 15,
2020]. Available from
https://www.biorxiv.org/content/10.1101/2020.
03.15.993097v1

30 Manuel

24,

25.

26.

https://journal.moestopo.ac.id/index.php/mderj
EISSN : 2776-0820 ISSN: 2776-0839

Xu H, Zhong L, Den J, Peng J, Dan H, Zeng X
et al. High expression of ACE2 receptor of
2019-nCoV on the epithelial cells of oral
mucosa. International Journal of Oral Science
(2020)12:8. Available from:
https://doi.org/10.1038/s41368-020-0074-x

Tsuruoka S, Wakaumi, Nishiki K, Araki N,

Harada K, Sugimoto K, et al. Subclinical
alteration of taste sensitivity induced by
candesartan in healthy subjects. Br J Clin

Pharmacol. 2004;57 :6 807-812

Clerkin KJ; Fried JA, Raikhelkar J, Sayer G,
Griffin JM, Masoumi A, et al. Coronavirus
Disease 2019 (COVID-19) and Cardiovascular
Disease. Circulation. 2020;141:1648-1655

27.Vaduganathan M, Vardeny O, Michel T,

McMurray JJV, Pfeffer MA, Solomon SD.
Renin—-Angiotensin—Aldosterone System
Inhibitors in Patients with Covid-19. N Engl J
Med 2020; 382:1653-1659.



