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Abstract

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19, is
highly virulent and can be transmitted via respiratory droplets and close contact. Recent studies suggest
that although viral load could be a poor predictor of disease, the concentration of the virus in the
respiratory tract may be linked to contagiousness when coupled with significant co-variables factors such
as nasal discharge and cough, hence impacting transmission. This review aims to explore the effectiveness
of using agents with antiviral properties administered intranasally as a novel strategy for decreasing the
viral activity in the nasal pathway, preventing disease transmission which might impact the disease
severity and possibly limit the complications. Medications were evaluated for their antiviral properties
against SARS-CoV-2 and other viruses. Various compounds with virucidal activities are highlighted in this
review including xylitol and grapefruit seed extract, povidone-iodine, intranasal corticosteroids, hydrogen
peroxide, chlorpheniramine, hypertonic and saline. The safety and effectiveness of these potential agents
when used via intranasal routes in humans, and the clinical implications of using intranasal therapy in
medical practice are discussed.
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Introduction

In December 2019, an outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in China was brought to international notice,
declared as a pandemic by the World Health Organization (WHO) on March 11, 2020 [1]. SARS-
CoV-2 is a highly virulent and transmissible virus that spreads primarily through respiratory droplets
and close contact [2]. The SARS-CoV-2 binds to host cells surface Angiotensin Converting Enzyme
II (ACE II) using a Spike (S1) protein (Figure 1A and 1B), subsequently gaining entry into host cells
and infecting neighboring cells. A second protein, transmembrane protease series 2 (TMPRSS2),
plays a pivotal role in priming/cleavage of the S1 protein to allow fusion of the viral envelope to
endosome to further allow entry into the host cell and release viral genetic material to infect host cells
[3]. Immunohistochemistry studies have shown significant ACE2 and TMPRSS2 gene expression in
nasal and bronchial epithelium [4]. As the SARS-CoV-2 viral entry is through the nose or the mouth
using the ACE2 receptors, it is critical to our understanding of the virus pathway to the respiratory
system [5]. The World Health Organization (WHO) established nasal and oropharyngeal swab tests
to be used for screening of COVID-19. Interestingly, approximately 30% of swabs from clinically
symptomatic patients may test negative (false negative), and therefore current tests are considered
screening tests, and not the diagnostic test. It is also important to note that the viral load in nasal and
oral cavity may still be low, and therefore contributing to false negative test results [6].

The transmission of the virus in asymptomatic patients is similar to that in symptomatic
patients, indicating that the earlier could transmit the infection [2,7]. The infected patients are at
risk of a wide array of symptoms such as complications of respiratory, cardiac, neurological, and
gastrointestinal systems, posing a higher risk to immunocompromised and organ failure patients
[1,2,7,8]. Hence, early recognition of an infected person as well as blocking the transmission route
might be essential strategies for managing COVID-19 spread and severity. The COVID-19 cycle of
infection, symptomatology and antibody development is demonstrated in Figure 2.

This article is originally published by ProBiologist LLC., and is freely available at probiologists.com

J Allergy Infect Dis 2021; 2(1):9-16.



Citation: Go CC, Pandav K, Somagutta MR, Go JK, Bethencourt-Mirabal A, Bhatt K, et al. Intranasal therapy and COVID-19: A comprehensive literature
review. ] Allergy Infect Dis 2021; 2(1):9-16.

Evelope

Spike Glycoprotein (S)

E-Protein

M-Protein

Hemagglutinin-esterase
dimer (HE)

RNA and N Protein

Figure 1A and 1B: Images representing SARS-CoV-2.
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Figure 2: Visual representation of COVID-19 cycle of infection, symptomatology and antibody development.
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Recent studies suggested that the viral load can be a poor
predictor of disease outcome. However, the viral concentration in
the respiratory tract may be indirectly associated with contagiousness
when coupled with significant co-variables like nasal discharge
and cough impacting transmission [7,9]. Practical strategies, such
as social distancing, self-isolation, quarantine, travel restrictions,
and group gatherings, have been recently implemented to prevent
the spread of COVID-19 [10]. Nevertheless, inadequate personal
protective equipment (PPE) and complexity in achieving social
distancing in hospital settings has put healthcare workers at higher
risk [11]. Limited strategies are currently accessible in modifying the
viral content in infected patients’ respiratory tracts, justifying the
need for novel therapeutic interventions targeting the principal route
of infection.

We propose that intranasal administration of virucidal and
antiviral therapies may be a novel strategy to provide an added
clinical benefit by decreasing the viral activity in the nasal pathway,
thus preventing disease transmission, managing the disease severity
and limiting complications. This manuscript aims to determine
the optimal management of known antiviral agents used via the
intranasal route and summarize their effectiveness against SARS-

CoV-2.
Antiviral Agents with Intranasal Use Potential
Xylitol & Grapefruit seed extract

Xylitol, a naturally occurring sugar alcohol [12-17] commonly
used as a low-calorie sweetener for sugar-free confectionery,
demonstrates antiviral properties when administered both orally [18]
and intranasally [19]. In a study conducted by Xu and colleagues,
they demonstrated that dietary xylitol showed antiviral activity
against the human respiratory syncytial virus (hRSV) in mice. Mice
were given xylitol orally for 14 days before the virus challenge and
three days post-challenge. The results indicated a reduction of lung
virus titers found with mice receiving xylitol orally, which inhibited
and decreased the infection severity. It was also found that fewer
CD3+ and CD3+ CD8+ lymphocytes were activated in the mice
receiving dietary xylitol, which indicated a reduced inflammation-
associated response to the hRSV infection [18].

Bansal et al. conducted an in vitro study to test the antiviral
action of iota-carrageenan and xylitol against SARS-CoV-2. They
found that iota-carrageenan in concentrations as low as 6 ug/mL and
xylitol at a concentration of 5% m/V has shown to inhibit SARS-
CoV-2 infection in Vero cell cultures. These concentrations can be
easily incorporated in intranasal sprays already available over the
counter [19] supporting our notion of the potential use of xylitol
as a prophylactic regimen for antibacterial and antiviral pathogens
such as SARS-CoV-2. With xylitol’s excellent safety profile [13] and
unique activity to reduce viral loads, it may be a possible alternative
to those who are against using synthetically derived products.

Grapefruit seed extract (GSE) is well known to inhibit
bacteria growth such as Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus spp. and Enterococcus spp. [20]. Recently, antiviral
properties of GSE were also evaluated in vitro with several viruses
such as the avian influenza virus (AIV), Newcastle disease virus
(NDV), infectious bursal disease virus IBDV). GSE was then diluted
(x100, x500 and x1,000 with redistilled water) and incubated with
the pathogens. Diluted GSE was sprayed in the air and was collected

at a distance of 1 cm and 30 cm to assess efficacy against viruses and
bacteria. The results showed activity against gram negative bacteria
used in this study, indicating Noteworthy, GSE also showed antiviral
effect in enveloped viruses such as the AIV and NVD but resistance
with non-enveloped viruses (IBDV). GSE is highly acidic, therefore
sensitive to enveloped viruses and bacteria, but resistant to non-
enveloped viruses like IBDV [21]. Therefore, intranasal GSE may
prove to be a potent antiviral for the enveloped SARS-CoV-2.

Another study showed the effects of GSE for the first time in
human enteric virus surrogates such as feline calicivirus (FCV-F9),
murine norovirus (MNV-1), bacteriophage MS2 and hepatitis
A virus (HAV) strain HM175 [22]. The viruses were individually
mixed with GSE at different concentrations and then incubated
at room temperature of 37°C, then evaluated with plaque assays.
The titers showed a significant reduction in all four viruses when
evaluated at different GSE dosages and concentrations. The study
showed that GSE has some activity with FCV-F9, MNV-1 and
HAYV adsorption that may be through host cell receptor blocking or
viral binding inhibition. Given its safety profile [23] and antiviral
components, the usage of GSE may benefit further research for
utilization against viral diseases such as the enveloped SARS-CoV-2.

Moreover, in a recently published article by Go et al., three mild-
moderate COVID-19 positive patients were administered xylitol
plus GSE in the form of a nasal spray. Remarkable results including
a reduction of clinical course and noted improvement of symptoms
as early as day 4. Furthermore, on day 7, patients tested negative on
repeat RT-PCR nasopharyngeal swab instead of the average 14-day
period of negativization of COVID-19. By using xylitol plus GSE
in the form of an intranasal spray (Xlear nasal spray), as an adjunct
to the ongoing treatment, the time to negativization was reduced by
50%. This suggests that intranasal xylitol plus GSE nasal spray, when
used as an adjunct therapy to ongoing treatments for COVID-19,
has a potential to show positive outcomes in these patients [24].

Povidone-Iodine (PVP-I)

Povidone-lodine, also known as Betadine, Iodine, Disphex,
Povadyne or Ultradine, is a water-soluble iodophor solution that was
developed in the 1950s and has been used for infection prevention
and control since then [25-27]. It contains a complex of iodine and
polyvinylpyrrolidone (PVP) and is a broad-spectrum antimicrobial.
Polyvinylpyrrolidone complex (PVP-I) contains free iodine which is
slowly liberated. The free iodine causes the iodination of lipids and
oxidation of cytoplasmic and membrane compounds which kills the
eukaryotic or prokaryotic cells [1]. PVP-1 is widely used as a surgical
skin prep agent and a mouthwash [10]. PVP-I with concentration
of 1.25% and below can safely be used intranasally [28]. It has
been shown that SARS-CoV-2 can be inactivated by PVP-I with
concentrations as low as 0.5% in a contact time of as low as 15
seconds [28].

In 2006, Kariwa et al. demonstrated that PVP-I products can
reduce the SARS-CoV virus infectivity from 1.17x10° TCID50/ml
to below the detectable level when treated for two minutes [29]. In a
study published by Eggers et al., it was demonstrated that PVP-17%
gargle/mouthwash at a concentration of 0.23% PVP-I showed rapid
bactericidal activity against Klebsiella pneumoniae and Streptococcus
pneumoniae and antiviral activity against SARS-CoV, MERS-CoV,
influenza virus A (HIN1) and rotavirus after 15 seconds of exposure

[30].
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Considering the proven efficacy of PVP-I against the oral and
respiratory pathogens, gargling/mouthwash, Povidone-Iodine might
be an effective method of prevention of the spread of pathogens
which spread via airborne/droplet route. Since SARS-CoV-2
(causative agent of COVID-19) has a similar route of transmission
and share some common characteristics with SARS-CoV [31,32],
there is certainty that the SARS-CoV-2 can be inactivated by
Povidone-Iodine, although there is need for in vitro studies to prove
the efficacy of the same.

Currently, an open label, interventional study of 300 participants
for studying the prophylactic role of intranasal Povidone-Iodine in
front-line health-care workers and inpatients is being conducted at
the University of Kentucky. This study is estimated to be completed
by May 2021 [33].

Intranasal corticosteroids

Intranasal corticosteroids are first-line therapy for allergic
rhinitis. They have been well known for their safety and effectiveness
for allergic rhinitis [34]. Apart from allergic rhinitis, intranasal
corticosteroids have also been used for adenoidal hypertrophy
and adenotonsillar hypertrophy, decreasing surgery rates for the
former [35]. In the US, various glucocorticosteroids are available
in the intranasal form. Some examples include beclomethasone
dipropionate, budesonide, ciclesonide, fluticasone propionate,
flunisolide, mometasone furoate and triamcinolone acetonate. The
side effects are limited, occurring in about 5-10% of patients and
include dryness, burning, stinging of the nasal mucosa, sneezing,
headache and nasal bleeding. The rate of systemic bioavailability of
intranasal corticosteroids is less than 1% [36,37].

The ARIA-EAACI (The Allergic Rhinitis and its Impact on
Asthma initiative-The European Academy of Allergy & Clinical
Immunology) published as a statement regarding the use of
intranasal corticosteroids for the COVID-19 patients with allergic
rhinitis. They recommended these patients keep using intranasal
corticosteroids. The statement mentioned that if the patients
stop using intranasal corticosteroids, the sneezing could worsen,
which could lead to the spread of the virus, which explains the
recommendation of maintenance of the use of local intranasal
corticosteroids in these patients [38].

Based on the studies mentioned above, intranasal corticosteroids
used in COPD, and asthma patients with overlapping COVID-19 is
yet to be answered. Several clinical trials are ongoing in the United
States, Canada, South Korea and Sweden to assess ciclesonide as a
potential therapeutic option for COVID-19.

Surfactants/ Shampoos

Surfactants are the most versatile and widely used products
in the chemical industry. In pharmaceutical formulations, these
are used primarily as excipients. Surfactants have the property of
adsorbing, the lower surface tension of liquids, increase the solubility
of substances and, to an extent, alter the interface of the system
[39,40]. Promod K et al., hypothesized the use of surfactant-based
prophylaxis against the SARS-CoV-2 peplomers and treatment of
COVID-19. It was proposed that any virus entering the mouth, nose
and eyes could be inactivated using a surfactant-based gargle and
subsequently entrapped by surfactant micelles through inactivation
[41]. Surfactant-based gargle or spray will be an invaluable
prophylaxis treatment against viruses that utilize the oropharyngeal

route. Additional studies are warranted to explore this possibility.

The diluted surfactant therapy showed iz vitro antimicrobial
inhibition against bacterial biofilm formation in patients with
rthino-pathologies [40]. Pulmonary surfactants palmitoyl-oleoyl-
phosphatidylglycerol (POPG) and phosphatidylinositol (PI) are
found to antagonize Influenza A(HIN1) pdm09 virus (pHINI)
infection effectively and have a significant reduction of lung
inflammation and viral burden in mice [42].

Recently, the emergence of new biosurfactants that have been
studied accelerated the advances in biosurfactants’ application.
They have an essential role in the physiological roles in increasing
bioavailability of hydrophobic molecules, possess antimicrobial
activity, and form complexes with heavy metals. They are further
used as antimicrobial agents and improve the degradation of chemical
contaminants [43]. Although surfactant nasal-based irrigation
may be associated with moderate congestion and olfactory acuity
reduction, it appears to be reversible after discontinuation, hence
generally safe for use [44]. The use of surfactant-based nasal spray
as treatment and prophylaxis may be beneficial given its relatively

safe profile.
Hydrogen peroxide (H,0,)

SARS-CoV, MERS-CoV, and influenza virus can stay on surfaces
for extended periods, sometimes up to months [45]. The transmission
of coronavirus from surfaces has been hypothesized to persist in
inanimate surfaces. Use of 0.1% Sodium Hypochlorite or 62-71%
ethanol significantly reduces coronavirus infectivity on surfaces
within 1 min exposure time [46]. An in vitro study of the efficacy of
H,O, vapor, a vapor-phase disinfection method, has shown that it
was virucidal for structurally distinct viruses in inanimate surfaces,
suggesting that it can be considered for the disinfection of the virus-
contaminated surfaces [47]. Moreover, H,O, is commonly used by
otolaryngologists because it is relatively safe for gargling or spraying
intranasally [48]. Caruso et al., considering the higher sensitivity
of the mucosa of the nasal cavity to H,O,, proposed a regimen of
H,O, gargling and H,O, nasal washes via nebulizer, 3 times per day
and 2 times a day, respectively [48]. In another article, Caruso et
al. proposed spraying 2 puffs of 1.5% H,O, nasal spray (0.28 ml)
as initial testing dose into each nostril twice daily in combination
with gargle and mouth washing with 3% H,0O, solution twice daily
for one minute [49]. Although an in vitro study has shown the
efficacy of H,0, against COVID-19 on inanimate surfaces [47],
theoretically intranasal use of H,0O, against SARS-CoV-2 could have
potential. However, additional larger randomized trials are needed
to further validate the above-mentioned proposals, to determine its
efficacy and to obtain a detailed safety profile for human use against

COVID-19.
Chlorpheniramine (CPM)

CPM is a safe and effective antihistamine with potent antiviral
activity against various strains of Influenza A/B, thus suggesting
that CPM has broad antiviral activity. CPM is a safe and effective
antihistamine with drowsiness as the main side effect. However,
evidence suggests that intranasal delivery shows high efficacy with
no side effects. An animal study of intranasally delivered CPM has
shown that it does cross into the brain circulation [50]. The systemic
bioavailability and safety of a nasal spray solution developed to
deliver doses of 1.12 and 2.24 mg CPM intranasally (0.4% nasal
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spray) and have found no adverse events [51]. Intranasal delivery of
CPM significantly inhibits histamine-induced symptoms [52].

Ferrer G et al. conducted a study to test the virucidal activity
of chlorpheniramine maleate using viral stock of SARS-CoV-2,
USA-WA1/2020 strain in Vero 76 infected cells. The end-point
titer 50% cell concentration inhibitor doses (CCID50) values
were calculated with the Reed-Muench (1948) equation. Three
independent replicates of each sample were tested, and the average
and standard deviation were calculated. As a result, after 25 minutes
of contact time, the nasal spray reduced the virus’s levels from 4.2 to
1.7 log10 CCID50 per 0.1 mL, a statistically significant reduction
of 2.5 logl0 CCID50. This study demonstrates that CPM, which
has strong virucidal effect against SARS-CoV-2, can be administered
intranasally [53].

Acid buffered/ Hypertonic saline

Human rhinoviruses (HRVs) are quite sensitive to low pH. Low
pH inhibits as well as reduces the replication of influenza virus. The
surface pH of the human nasopharynx could be transiently lowered
to pH ~4.0 by topical administration of citrate/phosphate (CP)
buffers. Many serotypes of HRV were exquisitely sensitive to pH
<6.0 in vitro. combined low pH and a chelating agent is able to
reduce the amount of viral shedding during the acute cold but did
not reduce common cold symptoms. An in vivo study done by Gern
JE et al., showed that the administration of a low CP buffer was
able to reduce viral shedding by 1 log unit. These findings provide
the rationale for conducting a double-blinded, placebo-controlled,
clinical trial to determine whether low-pH buffers will further
decrease viral replication rate [54].

Tano L etal. conducted a study involving 69 subjects of otherwise
healthy adults, ascertaining whether a daily nasal spray with saline
could prevent symptoms of common colds. They found out that
during the spray period the number of days with nasal secretion
and/or blocked nose (mean 6.4 days) was significantly (p=0.027)
lower than that during the observation period (mean 11 days).
Participants also had a mean of 0.7 episodes of upper respiratory
tract infection during the spray period, compared with 1.0 episodes
during the observation period (p=0.05). They were able to conclude
that the use of a daily nasal spray with saline can prevent nasal
symptoms of common colds in a population of healthy adults [55].
The usage of isotonic saline (0.9% sodium chloride) and hypertonic
saline (concentration greater than 0.9% sodium chloride) are most
often used in commercially prepared nasal irrigation. Although in
theory, the hypertonic solution has increased osmotic pressure and
should demonstrate higher efficacy in reducing mucosal edema and
eliminating airborne allergens and chemical mediators. The optimal
saline irrigation concentration remains equivocal [56].

Furthermore, post hoc secondary analysis of data from a
randomized controlled trial showed that the usage of hypertonic
saline nasal irrigation and gargling effectively reduced the duration
of coronavirus upper respiratory tract infection (URTI) by an
average of two-and-a-half days, hence it may be used as a potentially
safe intervention from SARS-CoV-2 [57].

Clinical Implications for Practice

Intranasal antiviral therapies may yield possible beneficial
outcomes. Their application needs to be extensively studied, majorly
targeting the efficacy and safety of the treatments. The recent studies

by Hou et al. and Jacot et al., demonstrated that the descending
order of ACE-2 receptors expression in the upper respiratory tract
to lower respiratory tract, correlated to an increased degree of SARS-
CoV-2 infection in the upper respiratory tract compared to distal
pulmonary epithelial cultures [58,59]. Thus, the treatments focusing
on decreasing the viral load, such as intranasal antiviral therapies
may have a broad range of clinical implications in practice.

The authors of this review collectively consider that these agents’
provisional application might have the following uses:

° Expedite recovery of mild-moderate COVID-19 patients.

e  Reduce transmission of COVID-19 infection from person
to person.

° Help decrease the rate of hospitalization.

®  Drevention of healthcare workers contracting the viral

infection via procedural exposure and perioperative exposure

° Decrease of symptom progression and severity.

° Use as post-exposure prophylaxis agents.

®  Decrease intranasal symptoms.

° Open a pathway to reformulating existing treatments.

° Provide appropriate time to develop vaccines.

e  Utilizing available over the counter (OTC) nasal sprays

namely Xlear® Nasal Spray.

Health care workers are at increased risk of acquiring COVID-19
due to varied factors [11]. In one multinational prospective cohort
study, the healthcare worker’s risk of acquiring COVID-19 during
the intubation of an infected patient is noted as 10.17% [60]. While
clinical settings are at increased possibility of disease transmission,
placing healthcare workers and other patients at risk, Intranasal
antiviral therapy may help in widespread restriction of disease
spread and improvement in intranasal symptoms. Nasal cavity and
nasopharynx shelters for a notable amount of SARS-CoV-2, in both
asymptomatic and symptomatic carriers of the virus and the IAT’s
use, may help decrease the viral load, thus minimizing the symptom
severity and progression [58,59]. Various potential agents exist for the
intranasal delivery of antiviral drugs. However, the clinical efficacy
of an agent is better achieved by efficient mechanism against target,
appropriate route of delivery, supplying proper media, enhancing
the effect by increasing the mucosal efficiency [60,61]. The potential
application of the intranasal antiviral agents in the clinical practice
are summarized in Figure 3.

Conclusion

The world is going through unprecedented times facing a
pandemic. Due to the limited understanding of the SARS-CoV-2,
the available treatment options are minimal. Innovative treatment
options and prophylaxis are being utilized despite limited literature
to find the appropriate treatment against COVID-19. This
manuscript proposes that intranasal administration of virucidal
and antiviral therapies may be a novel strategy to provide an added
clinical benefit to COVID-19 treatment. Based on the literature
review, it is encouraging to note that studies reviewed note that using
nasal spray with antiviral properties has promising efficiency and
safety in the treatment and prophylaxis against SARS-CoV-2. GSE
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Figure 3: Summary of the potential applications of the intranasal agents in the clinical practice against COVID-19.

is highly acidic and sensitive to enveloped viruses and bacteria. PVP-
1 contains iodine, which kills the SARS-CoV-2 through iodination
of lipids and oxidation of cytoplasmic membrane compounds. Use
of intranasal glucocorticoids in allergy patients is recommended to
reduce sneezing, which could lead to spread of the viruses like SARS-
CoV-2. Surfactant based gargle and spray can entrap viruses entering
through the mouth, nose, and eyes and therefore, may play a vital
role in prophylaxis against SARS-CoV-2. Low pH of acid buffered/
hypertonic saline can reduce the amount of viral shedding during the

acute viral shedding symptoms. The mechanism of action for CPM
and H,0, is not known, however they both have shown in-vivo and
in vitro antiviral properties against SARS-CoV-2, respectively. Many
of the ongoing approved and utilized therapeutics for COVID-19
are reserved for patients in the inpatient setting. All therapeutics
reviewed in this review can be used in the outpatient setting,
and therefore could potentially provide more outpatient-based
interventions for COVID-19 infection. We propose that intranasal
administration of antiviral and virucidal therapies decrease the viral
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activity in the nasal pathway, thus preventing disease transmission,
expedite recovery of mild-moderate COVID-19 patients, decrease
severity of symptoms, reduce hospitalizations and mortality. Further
clinical research is needed as application of these agents may not only
be limited to the current COVID-19 pandemic, but also for future
epidemics and pandemics.

Authors’ Contributions

C.C.G,, K2, M.RS., G.E, conceived the paper; C.C.G., K.P,
MRS., JK.G., AB.M. reviewed, analyzed the available literature,
and wrote the manuscript. The manuscript was reviewed by G.E
and M.A.S. All authors participated in writing and drafting the
manuscript. All authors read and approved the final manuscript.

References

1. Vizcarra P, Pérez-Elias MJ, Quereda C, Moreno A, Vivancos MJ,
Dronda F, et al. Description of COVID-19 in HIV-infected individuals:
a single-centre, prospective cohort. The Lancet HIV. 2020 May 28.

2. LoGiudice R.The Severe Acute Respiratory Syndrome Coronavirus-2
(SARS CoV-2) in Dentistry. Management of Biological Risk in Dental
Practice. International Journal of Environmental Research and
Public Health. 2020 Jan;17(9):3067.

3. Gengler |, Wang JC, Speth MM, Sedaghat AR. Sinonasal
pathophysiology of SARS-CoV-2 and COVID-19: A systematic
review of the current evidence. Laryngoscope Investigative
Otolaryngology. 2020 Apr 10.

4. SungnakW, Bécavin C, Berg M. HCA Lung Biological Network. SARS-
CoV-2 Entry Genes Are Most Highly Expressed in Nasal Goblet and
Ciliated Cells within Human Airways. ArXiv. 2020;200306122.

5. Abdulrab S, Alkadasi B, Al-Maweri S, Halboub E, Alhadainy H, Geerts
G. Statins-based prophylactic mouthwash and nasal spray may
protect against COVID-19. New Microbes and New Infections. 2020
Sep 1;37:100751.

6. Petruzzi G, De Virgilio A, Pichi B, Mazzola F, Zocchi J, Mercante G, et
al. COVID-19: Nasal and oropharyngeal swab. Head & Neck. 2020
Jun;42(6):1303-4.

7. Zoul,RuanF Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2
viral load in upper respiratory specimens of infected patients. New
England Journal of Medicine. 2020 Mar 19;382(12):1177-9.

8. JinX,LianJS,HuJH,GaoJ,ZhengL, Zhang YM, et al. Epidemiological,
clinical and virological characteristics of 74 cases of coronavirus-
infected disease 2019 (COVID-19) with gastrointestinal symptoms.
Gut. 2020 Jun 1;69(6):1002-9.

9. Jacot D, Greub G, Jaton K, Opota O. Viral load of SARS-CoV-2 across
patients and compared to other respiratory viruses. Microbes and
Infection. 2020 Nov 1;22(10):617-21.

10. Higgins TS, Wu AW, llling EA, Sokoloski KJ, Weaver BA, Anthony
BP, et al. Intranasal antiviral drug delivery and coronavirus disease
2019 (COVID-19): a state of the art review. Otolaryngology-Head
and Neck Surgery. 2020 Oct;163(4):682-94.

11. Ehrlich H, McKenney M, Elkbuli A. Protecting our healthcare
workers during the COVID-19 pandemic. The American Journal of
Emergency Medicine. 2020 Apr 17.

12. Salli K, Lehtinen MJ, Tiihonen K, Ouwehand AC. Xylitol's health
benefits beyond dental health: a comprehensive review. Nutrients.
2019 Aug;11(8):1813.

13. Ur-Rehman S, Mushtaq Z, Zahoor T, Jamil A, Murtaza MA. Xylitol: a

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

review on bioproduction, application, health benefits, and related
safety issues. Critical Reviews in Food Science and Nutrition. 2015
Sep 19;55(11):1514-28.

. Granstrom TB, Izumori K, Leisola M. A rare sugar xylitol. Part I: the

biochemistry and biosynthesis of xylitol. Applied Microbiology and
Biotechnology. 2007 Feb 1;74(2):277-81.

Jain H, Mulay S. A review on different modes and methods for
yielding a pentose sugar: xylitol. International Journal of Food
Sciences and Nutrition. 2014 Mar 1;65(2):135-43.

Makinen KK. Sugar alcohol sweeteners as alternatives to sugar with
special consideration of xylitol. Medical Principles and Practice.
2011;20(4):303-20.

Riley P, Moore D, Ahmed F, Sharif MO, Worthington HV. Xylitol-
containing products for preventing dental caries in children and
adults. Cochrane Database of Systematic Reviews. 2015(3).

Xu ML, Wi GR, Kim HJ, Kim HJ. Ameliorating effect of dietary xylitol
on human respiratory syncytial virus (hRSV) infection. Biological
and Pharmaceutical Bulletin. 2016 Apr 1;39(4):540-6.

Vega JC, Bansal S, Jonsson CB, Taylor SL, Figueroa JM, Dugour AV,
et al. lota carrageenan and xylitol inhibit SARS-CoV-2 in Vero cell
culture. bioRxiv. 2020 Jan 1.

Reagor L, Gusman J, McCoy L, Carino E, Heggers JP. The effectiveness
of processed grapefruit-seed extract as an antibacterial agent: . An
in vitro agar assay. The Journal of Alternative & Complementary
Medicine. 2002 Jun 1;8(3):325-32.

Komura M, Suzuki M, Sangsriratanakul N, Ito M, Takahashi S, Alam
MS, et al. Inhibitory effect of grapefruit seed extract (GSE) on avian
pathogens. Journal of Veterinary Medical Science. 2019:18-0754.

Su X, D'Souza DH. Grape seed extract for control of human enteric
viruses. Applied and Environmental Microbiology. 2011 Jun
15;77(12):3982-7.

Sano A. Safety assessment of 4-week oral intake of
proanthocyanidin-rich grape seed extract in healthy subjects. Food
and Chemical Toxicology. 2017 Oct 1;108:519-23.

Go CC, Pandav K, Sanchez-Gonzalez MA, Ferrer G. Potential Role
of Xylitol Plus Grapefruit Seed Extract Nasal Spray Solution in
COVID-19: Case Series. Cureus. 2020 Nov;12(11).

National Center for Biotechnology Information. PubChem
Compound Summary for CID 410087, Povidone iodine. https://
pubchem.ncbi.nlm.nih.gov/compound/Povidone-iodine. Accessed
July 31, 2020.

Parhar HS, Tasche K, Brody RM, Weinstein GS, O'Malley Jr BW,
Shanti RM, et al. Topical preparations to reduce SARS-CoV-2
aerosolization in head and neck mucosal surgery. Head & Neck.
2020 Jun;42(6):1268-72.

Eggers M, Eickmann M, Zorn J. Rapid and effective virucidal activity
of povidone-iodine products against Middle East respiratory
syndrome coronavirus (MERS-CoV) and modified vaccinia
virus Ankara (MVA). Infectious Diseases and Therapy. 2015 Dec
1,4(4):491-501.

Frank S, Capriotti J, Brown SM, Tessema B. Povidone-lodine Use in
Sinonasal and Oral Cavities: A Review of Safety in the COVID-19 Era.
Ear, Nose & Throat Journal. 2020 Jun 10:0145561320932318.

Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus
by means of povidone-iodine, physical conditions and chemical
reagents. Dermatology. 2006;212(Suppl. 1):119-23.

J Allergy Infect Dis 2021; 2(1):9-16.

15



Citation: Go CC, Pandav K, Somagutta MR, Go JK, Bethencourt-Mirabal A, Bhatt K, et al. Intranasal therapy and COVID-19: A comprehensive literature
review. ] Allergy Infect Dis 2021; 2(1):9-16.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Eggers M, Koburger-Janssen T, Eickmann M, Zorn J. In vitro
bactericidal and virucidal efficacy of povidone-iodine gargle/
mouthwash against respiratory and oral tract pathogens. Infectious
diseases and therapy. 2018 Jun;7(2):249-59.

Rabaan AA, Al-Ahmed SH, Haque S, Sah R, Tiwari R, Malik YS, et al.
SARS-CoV-2, SARS-CoV, and MERS-COV: a comparative overview.
Infez Med. 2020 Jun 1;28(2):174-84.

Liya G, Yuguang W, Jian L, Huaiping Y, Xue H, Jianwei H, et al.
Studies on viral pneumonia related to novel coronavirus SARS-
CoV-2, SARS-CoV, and MERS-CoV: a literature review. Apmis. 2020
Jun;128(6):423-32.

Kejner A. Povidone-lodine Intranasal for Prophylaxis in Front-
Line Health-Care Personnel and Inpatients During the Sars-CoV-2
Pandemic. clinicaltrials.gov; 2020. Accessed December 3, 2020.
https://clinicaltrials.gov/ct2/show/NCT04364802

Trangsrud AJ, Whitaker AL, Small RE. Intranasal corticosteroids
for allergic rhinitis. Pharmacotherapy: The Journal of Human
Pharmacology and Drug Therapy. 2002 Nov;22(11):1458-67.

Sakarya EU, Muluk NB, Sakalar EG, Senturk M, Aricigil M, Bafageeh
SA, et al. Use of intranasal corticosteroids in adenotonsillar
hypertrophy. The Journal of Laryngology and Otology. 2017 May
1;131(5):384.

Sastre J, Mosges R. 1 Local and Systemic Safety of Intranasal
Corticosteroids. Journal of Investigational Allergology and Clinical
Immunology. 2012 Jan 1;22(1):1.

McDonnell J, Weller K, Pien LC. Safety of Intranasal Steroids: an
Updated Perspective. Current Allergy and Asthma Reports. 2020
Nov;20(11):1-8.

Bousquet J, Akdis CA, Jutel M, Bachert C, Klimek L, Agache |,
Ansotegui 1J, Bedbrook A, Bosnic-Anticevich S, Canonica GW,
Chivato T. Intranasal corticosteroids in allergic rhinitis in COVID-19
infected patients: An ARIA-EAACI statement. Allergy. 2020
Oct;75(10):2440-4.

Rosen MJ, Kunjappu JT. Surfactants and interfacial phenomena.
John Wiley & Sons; 2012 Mar 6.

Rosen PL, Palmer JN, O'Malley Jr BW, Cohen NA. Surfactants in the
management of rhinopathologies. American Journal of Rhinology
& Allergy. 2013 May;27(3):177-80.

Pramod K, Kotta S, Jijith US, Aravind A, Tahir MA, Manju CS, et al.
Surfactant-based prophylaxis and therapy against COVID-19: A
possibility. Medical Hypotheses. 2020 Oct 1;143:110081.

Numata M, Mitchell JR, Tipper JL, Brand JD, Trombley JE, Nagashima
Y, et al. Pulmonary surfactant lipids inhibit infections with the
pandemic H1N1 influenza virus in several animal models. Journal
of Biological Chemistry. 2020 Feb 7;295(6):1704-15.

Van JD, Hamme JD, Singh A, Ward OP. Surfactants in microbiology:
Physiological aspects Part 1 in a series of papers devoted to
surfactants in microbiology and biotechnology. Biotechnology
Advances. 2006;24:604-20.

Turner JH, Wu J, Dorminy CA, Chandra RK. Safety and tolerability
of surfactant nasal irrigation. In: International Forum of Allergy &
Rhinology 2017 Aug (Vol. 7, No. 8, pp. 809-812).

Otter JA, Donskey C, Yezli S, Douthwaite S, Goldenberg S, Weber DJ.
Transmission of SARS and MERS coronaviruses and influenza virus in
healthcare settings: the possible role of dry surface contamination.
Journal of Hospital Infection. 2016 Mar 1;92(3):235-50.

Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

coronaviruses on inanimate surfaces and their inactivation
with biocidal agents. Journal of Hospital Infection. 2020 Mar
1;104(3):246-51.

Goyal SM, Chander Y, Yezli S, Otter JA. Evaluating the virucidal
efficacy of hydrogen peroxide vapour. Journal of Hospital Infection.
2014 Apr 1;86(4):255-9.

Caruso AA, Del Prete A, Lazzarino Al, Capaldi R, Grumetto L.
Might hydrogen peroxide reduce the hospitalization rate and
complications of SARS-CoV-2 infection? Infection Control &
Hospital Epidemiology. 2020 Nov;41(11):1360-1.

Caruso AA, Del Prete A, Lazzarino Al. Hydrogen peroxide and viral
infections: A literature review with research hypothesis definition
in relation to the current covid-19 pandemic. Medical Hypotheses.
2020 Nov 1;144:109910.

Chou KJ, Donovan MD. Distribution of antihistamines into the CSF
following intranasal delivery. Biopharmaceutics & Drug Disposition.
1997 May;18(4):335-46.

VanToor BS, Buchwald A, Stengele E, Trenk D, Gercek C, De Mey CM.
Systemic bioavailability of nasally applied chlorphenamine maleate
(0.4% nasal spray) relative to tablets administered perorally.
International Journal of Clinical Pharmacology and Therapeutics.
2001 Apr 1;39(4):173-8.

Kirkegaard J, Secher C, Borum P, Mygind N. Inhibition of
histamine-induced nasal symptoms by the H1 antihistamine
chloropheniramine maleate: Demonstration of topical effect.
British Journal of Diseases of the Chest. 1983 Jan 1;77:113-22.

Ferrer G, Westover J. In vitro virucidal effect of intranasally delivered
chlorpheniramine maleate compound against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).

Gern JE, Mosser AG, Swenson CA, Rennie PJ, England RJ, Shaffer
J, et al. Inhibition of rhinovirus replication in vitro and in vivo by
acid-buffered saline. The Journal of Infectious Diseases. 2007 Apr
15;195(8):1137-43.

Tano L, Tano K. A daily nasal spray with saline prevents symptoms of
rhinitis. Acta oto-laryngologica. 2004 Nov 1;124(9):1059-62.

Li CL, Lin HC, Lin CY, Hsu TF. Effectiveness of hypertonic saline nasal
irrigation for alleviating allergic rhinitis in children: a systematic
review and meta-analysis. Journal of Clinical Medicine. 2019
Jan;8(1):64.

Ramalingam S, Graham C, Dove J, Morrice L, Sheikh A. Hypertonic
saline nasal irrigation and gargling should be considered as a
treatment option for COVID-19. Journal of Global Health. 2020
Jun;10(1).

Jacot D, Greub G, Jaton K, Opota O. Viral load of SARS-CoV-2 across
patients and compared to other respiratory viruses. Microbes and
Infection. 2020 Nov 1;22(10):617-21.

Hou YJ, Okuda K, Edwards CE, Martinez DR, Asakura T, Dinnon Il
KH, et al. SARS-CoV-2 reverse genetics reveals a variable infection
gradient in the respiratory tract. Cell. 2020 Jul 23;182(2):429-46.

El-Boghdadly K, Wong DJ, Owen R, Neuman MD, Pocock S, Carlisle
JB, et al. Risks to healthcare workers following tracheal intubation
of patients with COVID-19: a prospective international multicentre
cohort study. Anaesthesia. 2020 Nov;75(11):1437-47.

Higgins TS, Wu AW, llling EA, Sokoloski KJ, Weaver BA, Anthony
BP, et al. Intranasal antiviral drug delivery and coronavirus disease
2019 (COVID-19): a state of the art review. Otolaryngology-Head
and Neck Surgery. 2020 Oct;163(4):682-94.

J Allergy Infect Dis 2021; 2(1):9-16.

16



