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ABSTRACT
INTRODUCTION: Coronavirus disease 2019 (COVID-19) has become a serious public health problem 
for    183 out of 197 countries in the world. Understanding the routes and pathogenesis of the coronavirus is 
important and it is considered that the studies on host cell receptor Angiotensin Converting Enzyme 2 (ACE2) 
may be valuable for the treatment and prevention of the disease.
AIM: To evaluate the possibility of inhibition of SARS-CoV-2 at throat. 
METHODS: A comprehensive literature search was conducted.
CONCLUSION: In view of the fact that the mouth and nose have higher number of ACE2 expressed cells, they 
serve as a gateway for the virus to enter. Thus, blocking the gate could be a good choice to reduce or even 
prevent the transmission. Small interfering RNAs (siRNAs) are double-stranded RNA molecules and could 
be designed easily and directed against many strains of a virus. Due to their features, siRNAs can provide a 
potential strategy to interfere with the replication of viral diseases. We think that since oral and nasal epithelial 
cells are relatively easily accessible it may allow to develop siRNA molecules to inhibit SARS-CoV-2 already at 
the entry where it continues to replicate for a period (Fig. 1, Ref. 50). Text in PDF www.elis.sk
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Introduction

Human coronaviruses are a wide family of viruses that typi- 
cally induce mild to severe upper respiratory diseases in people, 
such as common cold. Viruses can also invade the lower airways 
and cause severe illnesses including pneumonia or bronchitis (1). 
Coronaviruses have single-stranded RNAs of about 26,000 to 
32,000 bases in length (2).

In Wuhan-China, December 2019, for the fi rst time a cluster 
of atypical pneumonias associated with a novel coronavirus was 
detected (3). Coronavirus disease, termed COVID-19, was caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2; 
previously termed 2019-nCoV), which can spread from person 
to person (4).

SARS-CoV-2 is a member of the Coronaviridae family and 
includes a number of viruses that cause the common cold (5). 

Coronaviruses have been identifi ed in many hosts including 
cam- els, bats, masked palm civets, mice, dogs, and cats (6). Most 
of coronaviruses that are pathogenic to humans cause mild clinical 
symptoms (7) with two notable exceptions: severe acute respira- 
tory syndrome coronavirus (SARS-CoV), the other is Middle East 
respiratory syndrome coronavirus (MERS-CoV). SARS-CoV is 
a novel beta-coronavirus discovered fi rst in China in November 
2002 (8) and resulted in more than 8000 human infections and 774 
deaths in 37 countries during 2002–03 (9). SARS-CoV-2 was fi rst 
defi ned using next-generation sequencing in infected individuals 
with typical symptoms, including high fever, dyspnea, and radio- 
graphs showing invasive lesions in both lungs (10, 11).

Real-time reverse transcription polymerase chain reaction 
(qRT-PCR) test is used in the molecular biology laboratories for 
the diagnosis of COVID-19. This test is used for the qualitative 
detection of nucleic acid from SARS-CoV-2 in upper and lower 
respiratory specimens such as nasopharyngeal or oropharyngeal 
swabs, sputum, lower respiratory tract aspirates, bronchoalveolar 
lavage, and nasopharyngeal wash/aspirate or nasal aspirate. These 
specimens are collected from individuals suspected of COVID-19 
by their healthcare provider (12). In addition to qRT-PCR, com- 
puted tomography (CT) scans and routine blood tests are used for 
the diagnosis of  COVID-19. The effectiveness  of existing anti-
body tests to diagnose active COVID-19 infections and to defi ne 
whether individuals with SARS-CoV-2-positive antibodies are 
protected from re-infection is unknown (13).
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Entry of SARS-CoV-2 into the Body

COVID-19 can be a mild upper respiratory  tract disease at 
fi rst. The primary transmission of the SARS-CoV-2 occurs by 
droplet transmission. Respiratory secretions of infected cases have 
vital role for release of the virus. The mucosal surfaces such as 
nose, mouth and eyes are the fi rst entry gates of the SARS-CoV-2 
to the body (14).

In Wolfel et al study most of patients appeared to be above 
their peak in the upper respiratory tract samples when they were 
fi rst tested, while the sputum shedding of infectious virus conti-
nued during the fi rst week of symptoms (15). Diagnostic testing 
of viral RNA, antibody response with clinical correlation suggests 
that viral RNA remains positive over three weeks despite the mild 
symptoms or full resolution of symptoms (15).

In line with viral load work from Wolfel et al (15) additional 
recent studies indicated the ability of using saliva as a diagnostic 
sample, in two studies on coughed out saliva 11 out of 12 and 20 
out of 23 showing positive results in SARS-CoV-2 infected pa-
tients. This indicates ability of using saliva sample as a diagnos-
tic sample for the identifi cation of SARS-CoV-2 infection. Saliva 
sample can be collected through coughing out, saliva swabs and 
directly from salivary gland duct. Despite this fact early diagnosis 
of COVID-19 by using saliva specimen is still limited but promis-
ing since especially the sample collection process is less invasive 
than nasal or throat swab and safer for health care workers (16). 
Additionally, it allows us to focus on targeting the virus replica-
tion at the time of the presence in the throat.

KK et al (16) 2020 tested the S gene of SARS-CoV-2 by using 
qRT-PCR in saliva specimens and found that 11 out of 12 patients 
were positive (91.67 %). 33 patients who were negative for the 
laboratory analysis were also negative for the saliva examination. 
In another study from the same group that used self-collected sa-
liva from deep throat by COVID-19 patients and tested for SARS-
CoV-2 RNA. Specimens were a mixture of nasopharyngeal and 
bronchopulmonary secretions from deep throat by coughing out 
in the morning. 20 out of 23 COVID-19 patients showed posi-
tive results for SARS-CoV-2 RNA (16). Also, after the treatment, 
in this group SARS-CoV-2 RNA was detected in saliva, even if 
using antibodies against SARS-CoV-2, viral RNA could still be 
detected for 20 days or even longer in deep throat saliva speci-
mens of one third of patients. This suggests that the viral RNA 
could stay for a long period instead of dying out after antibody 
application. Interestingly, one of COVID-19 patients with com-
pletely resolved symptoms was found SARS-CoV-2 RNA positive 
again after 2 days of negative results, suggesting that low levels 
of SARS-CoV-2 RNA could still be excreted in saliva even after 
clinical recovery (16).

Furin is an enzyme highly expressed in lung tissue (17, 18) 
and has been implicated in the infection of SARS-CoV-2 (19). 
Furin-like cleavage site in the S protein of SARS-CoV-2 has been 
identifi ed (18, 20). Tongue can serve as a high risk route for SARS-
CoV-2 entry simply due to high expression of ACE2 in the oral 
cavity. Besides, “theoretically” it suggests that cells expressing 
furin have lower restriction for entry of the virus. Also, the role 

of furin-like cleavage site in SARS-CoV-2 infection needs to be 
studied in more detail (17).

In addition to the common symptoms of COVID19, some pa- 
tients have been reported to experience problems with their sense 
of smell and taste (21). We speculate that this situation could be 
due to the infected cells related to smell and taste in the nose and 
mouth. One of the other entry gates of the virus to the body is 
nose. It has been reported that nose goblet and ciliated cells have 
increased ACE2 and TMPRSS2 levels and it has been highlighted 
that nasal carriage is possibly an important feature of transmis-
sion, therefore, some intranasally administered drugs and vaccines 
could limit the transmission effectively (22).

Entry of the SARS-CoV-2 into the Cell

Cellular entry of SARS-CoV depends on spike (S) protein 
binding to a specifi c cellular receptor (23). As in SARS-CoV, 
SARS-CoV-2 enters the cells through binding to ACE2 receptor 
and the affi nity of this binding is a major determinant of SARS- 
CoV replication rate and disease severity (24). Viral entry also 
depends on TMPRSS2 protease activity and cathepsin B/L ac-
tivity may substitute for TMPRSS2 (25). Elevated expression of 
ACE2 and TMPRSS2 have been reported in alveolar epithelial 
type II cells (22). Also, by using immunohistochemistry, ACE2 
and TMPRSS2 have been detected in both nasal and bronchial 
epithelium (26). Cells in certain tissues overexpressing ACE2 
like upper esophagus and stratifi ed epithelial cells, lung alveolar 
type II (AT2), renal proximal tubular cells, myocardial cells and 
bladder urothelial cells, are known to have a large possible risk for 
SARS-CoV-2 infection (27). ACE2 is a master host cell receptor 
for SARS-CoV-2 and has a critical function for the virus to pene-
trate and kill the cell. Studies have shown that ACE2 is expressed 
in the oral cavity mucosa and is also extremely enriched in the 
epithelial cells of the tongue (27).

Oral cavity ACE2 expressing cells are potential risk route for 
SARS-CoV-2 entry, on the other hand, it may have a very critical 
role for prevention of the virus replication and thus will have a 
vital role in the treatment of the disease (27).

SARS-CoV-2 threats the world

According to the latest data, the world population is about 7.6 
billion and as of 25 June 2020, there have been 9,542,451 coro- 
navirus infected cases, 485,280 deaths and 5,186,690 recovered 
cases (28). Social isolation is recommended in many countries to 
protect against virus infection (29). This method is not sustainable 
due to both economic and social problems. Therefore, protection 
from the viral infection is much more urgent for now. Some face 
masks are used to prevent mouth and nose from the virus infec-
tion, however, face masks provide limited protection against coro-
navirus infection (30).

Many drugs are currently being studied in ongoing clinical 
trials, however few of them, including chloroquine, have demon- 
strated both in vitro and clinical antiviral effi ciency in cases in- 
fected with SARS-CoV-2 (31). Unfortunately, thousands of new 
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cases are being added to the number of COVID19 patients day 
by day. We hope that successful results can be obtained from 
these valuable clinical trials but till now the success in COVID19 
treatment is limited (32). In addition to these ongoing clinical
trials, further studies should be done urgently to effectively in-
hibit viruses.

Prevention from the COVID-19

The replication of the virus in the upper respiratory tract can 
be important for disease development as well as it can be a hope 
for patient’s treatment and prevention from the virus (15). SARS- 
CoV-2 virus enters host cells by ligating the spike protein (S gly-
coprotein) with the TMPRSS2 protease-primed host cell recep-
tor ACE2. The ACE2-and TMPRSS2-mediated cell entry could 
be inhibited by experimental and proven drugs. Replication and 
assembly of the SARS-CoV-2 may also be blocked by antivirals 
targeting viral RNA-dependent RNA polymerase (RdRP) and key 
protease (Mpro) (33). In light of the current knowledge, nasal 
and mouth tissue cells may play an important role for targeting 
SARS-CoV-2 virus.

Could SARS-CoV-2 be targeted with siRNA in Mouth or 
Nose?

RNA interference (RNAi) discovered in the late 1990s as a 
well-known technique for silencing or suppressing target genes 
related with virulence and pathogenesis. Small interfering RNA 
(siRNA) molecules with length of approximately 20–25 base 
pairs are non-coding RNAs and involved in the RNAi pathway 
which has a natural cellular defense against RNA viruses. They 
interfere with the expression of target specifi c genes by degrad-
ing mRNAs (34).

How does siRNA work

siRNA molecule complements with the target mRNA molecule 
and once the siRNA enters the host cell, it is incorporated into the 
RNA-induced silencing complex (RISC) which leads to its activa-
tion. The sense strand is separated from the duplex and degraded by 
nuclease enzymes in the RISC complex that is activated while the 
anti-sense strand directs the RISC to the target mRNA located in-
side the cell cytoplasm. The mRNA binding to the antisense strand 
triggers the cleavage of the endonuclease Argonaut and therefore 
the post-transcriptional silencing of the gene (35).

Chemical Modifi cation of siRNA

The biological characteristics of siRNAs contain negative 
charge, high molecular weight, and plasma instability, which 
render them prone to enzymatic degradation (36). To resolve this 
issue, some chemical modifi cations of siRNA have been deve-
loped to maximize stabilization, improve sensitivity and potency 
and escape from the immune response (37). Some of the modifi -
cations involve the incorporation of 2,-O-methyl variations in the 

sugar structure of chosen nucleotides inside both the anti-sense 
and sense strands of the siRNA. The siRNA effi cacy may also 
be improved via conjugation of small molecules or peptides to 
the sense strand of siRNA. Many other modifi cations have been 
revealed to minimize off-target effects, like phosphorothioate or 
boranophosphate introduction (38, 39).

Viral and Non-viral delivery system of siRNAs

Since siRNAs are hydrophilic, large sized (about 13.3 kDa) 
highly negatively charged macromolecules, they are not able to 
cross the biological membranes. Delivery of siRNAs to their target 
cells can be through viral or non-viral systems. Using viral vectors 
have previously demonstrated to be proper for cell uptake with 
high effi cacy. But it has limitations for human therapeutic delivery 
like immunogenicity, toxicity, uncontrolled viral replication, and 
tumorigenicity (40). Due to these limitations, more effective and 
successful delivery systems are used which are non-viral delivery 
systems like naked siRNA delivery and delivery vectors such as 
lipids, polymers, peptides, and inorganic materials (35).

Naked siRNA delivery is simply the delivery of siRNA mole-
cules without the use of a delivery vehicle or carrier. This way of 
delivery has many advantages including ease of preparation and 
facility of delivery by inhalation, intranasal or intratracheal routes. 
However, it faces a major problem in cell targeting and uptake and 
it can be degraded within the airways (39). Lipid-based delivery 
systems like liposomes or lipid nanoparticles are favored methods 
especially for inhaled pulmonary delivery. Polymer-based siRNA 
delivery systems that consist of biocompatible polymers may be 
chemically changed to enhance cellular delivery. Naked siRNA 
delivery hav- ing low clinical effi ciency and bioavailability is en-
hanced with peptide-based delivery vectors. Inorganic-based de-
livery systems allow for the unique delivery of siRNAs via direct 
conjugation or non-covalent encapsulation (39).

Treatment of diseases with siRNAs has long been a very 
promising method and also many recent delivery systems have 
reached the clinical trial phase effi ciently (41). In clinics, the fi rst 
ever siRNA drug Onpattro (patisiran) (Alnylam) infusion for the 
treatment of adult patients with peripheral nerve disease (polyneu-
ropathy) caused by inherited amyloidosis-mediated transthyretin 
(hATTR) was approved by the U.S. Food and Drug Administra-
tion (FDA) in August 2018 (42).

The greatest challenge to achieve potent siRNA therapy is 
not the design of it, but rather the way biologically active siR- 
NAs are delivered to the target tissue. Diverse siRNA delivery 
methods have been developed and used in different studies (41). 
There are different routes for delivering siRNA categorized as 
local and systemic delivery (43). Several tissues or organs, like 
nose, oral cavity, or vagina, could be targeted for local siRNA use 
and specifi c modifi cations may also be made for siRNA formula- 
tions (44). Local delivery has been a desirable and an effective 
path, allowing reduced doses to be used and reducing adverse
effects (45).

Wu et al (46) previously showed that siRNA molecules could 
inhibit the SARS-CoV spike sequences by targeting 3’-UTR in 
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Vero-E6 cells. There have been 35 patented RNAi studies asso-
ciated with anti-sars coronavirus therapy and 28 of them are about 
siRNA molecules (34).

To the best of our knowledge, there have been no studies docu-
menting the effects of siRNAs on SARS-CoV-2 viruses. However, 
recently Alnylam company has started a promising study about 
the aerosolized delivery of siRNA molecules for lungs and 350 
siRNA molecules have been synthesized targeting SARS-CoV2; 
in vitro and in vivo testing will be conducted by Vir biotechno-
logy (47). Theoretically, it can be considered that siRNAs may be 
a good option for the treatment of lungs that are the most affected 
organ from the SARS-CoV-2. Lungs have some useful charac-
teristics like a well perfused (5 l/min) surface area or a very thin 
epithelium (0.1–0.2 μm) for therapeutic approaches with siRNA 
molecules. Nevertheless, the structure of the airways (extensively 
branched), existence of lung fl uids like mucus and surfactant and 
also mucociliary clearance mechanisms containing alveolar mac-
rophages and other diffi culties could prevent the delivery of the 
siRNA molecules to lung cells (48). Due to these obstacles, in or-
der for siRNA molecules to enter the target cells, siRNAs have to 
pass many diffi cult barriers yet developing new treatment methods 
using siRNA molecules that target the virus early as within fi rst 
weeks of infection, while the virus still is at throat, will be bene-
fi cial. Even though there are some obstacles to the delivery of 
siRNAs that need to be overcome, we suppose that inhibition of 
SARS-CoV2 viruses can be achieved if siRNA delivery systems 
could be developed for mouth and nose which are more readily 
available and having limited enzymatic activity (49, 50).

Conclusion

There are a variety of candidate drugs which can inhibit  SARS- 
CoV-2 infection and replication. These drugs consist of  TMPRSS2 
and ACE2 inhibitors. Blocking ACE2 protein and inhibition of 
TMPRSS2 can prevent SARS-CoV-2 from entering cells (33). 
Given that ACE2 and TMPRSS2 proteins are also expressed in 
cells in the mouth and nose, it may be benefi cial to consider this 
inhibitor studies to destroy the SARS-CoV-2 virus.

We hereby suggest that developing an effective method that 
can stop the viruses in the mouth and nose before going further 
down the internal organs such as lungs and also this method 
could reduce viral transmission as we show in Figure 1. The oral 
cavity has limited enzymatic activity and comparatively neutral 
pH of nearly 6.2–7. Oral mucosa and nasal mucosa have rela-
tively easily accessible to manipulation feature (49, 50). Due to 
these characteristics, mouth and nose could be suitable for siRNA 
based treatments and potential ACE2 and TMPRSS2 inhibitors in 
COVID-19 disease. Developing potential ACE2 and TMPRSS2 
in- hibitors or siRNA molecules against SARS-CoV-2 in mouth 
and nose cells may have some important advantages: Target in-
hibitors can reach cells in a shorter time even applied at low 
doses. Drug side effects affecting other organs can be reduced. 
Thus, viral load can be effectively reduced. Furthermore, this will 
be a supportive approach to current COVID-19 therapies. More 
specifi cally, reducing the viral load in upper respiratory tract will 
reduce the spread of the virus to other individuals dramatically.

Fig. 1. Schematic representation of targeting SARS-CoV-2 virus already at upper respiratory tract by using siRNA approach to reduce viral load.
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