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Abstract   
To curb the spread of SARS-CoV-2, the etiologic agent of the COVID-19 pandemic, we 

characterize the virucidal activity of long-acting Povidone Iodine (PVP-I) compositions 

developed using an in-situ gel forming technology. The PVP-I gel forming nasal spray (IVIEW-

1503) and PVP-I gel forming ophthalmic eye drop (IVIEW-1201) rapidly inactivated SARS-

CoV-2, inhibiting the viral infection of VERO76 cells. No toxicity was observed for the PVP-I 

formulations. Significant inactivation was noted with preincubation of the virus with these PVP-I 

formulations at the lowest concentrations tested. It has been demonstrated that both PVP-I 

formulations can inactivate SARS-CoV-2 virus efficiently in both a dose-dependent and a time-

dependent manner. These results suggest IVIEW-1503 and IVIEW-1201 could be potential 

agents to reduce or prevent the transmission of the virus through the nasal cavity and the eye, 

respectively. Further studies are needed to clinically evaluate these formulations in early-stage 

COVID-19 patients.   

Keywords: COVID-19, SARS-CoV-2, coronavirus, nasal spray, eye drop, viral inactivation, 

infection prevention, Povidone-iodine, PVP-I, in-situ gel, sustained release  
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Introduction 
The ongoing coronavirus pandemic known as coronavirus disease 2019 (COVID-19), is caused 

by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1). The outbreak was first 

identified in Wuhan, Hubei, China, in December 2019, and was recognized as a pandemic by the 

World Health Organization (WHO) on March 11 2020 (2). According to Johns Hopkins 

dashboard, as of May 18, 2020, there are over 4.8 million confirmed cases of COVID-19 that 

have been reported in 188 countries and territories and claimed more than 318,000 lives. More 

than 1.5 million cases were confirmed in the U.S. 	

Coronaviruses are a group of viruses that cause a significant percentage of all common colds in 

human adults and children. Four human coronavirus including 229E, OC43, NL63, and HKU1 

are prevalent and typically cause common cold symptoms in immunocompetent individuals (3). 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the third coronavirus to cross 

species to infect human populations (probably transmitted from bats or another host), causing 

pandemics over the past two decades (4,5,6). The previous two were the severe acute respiratory 

syndrome coronavirus (SARS-CoV) outbreak in 2002 and the Middle East respiratory syndrome 

coronavirus (MERS-CoV) outbreak in 2012 (7,8). SARS-Cov-2 has a unique pathogenesis 

because it causes both upper and lower respiratory tract infections (9). SARS-CoV-2 is classified 

as a novel betacoronavirus belonging to the sarbecovirus subgenus of Coronaviridae family. The 

genome sequence of SARS-CoV-2 is about 89% identical to bat SARS-like-CoVZXC21 and 82% 

identical to human SARS-CoV. It has been reported that SARS-CoV-2 uses the same cell entry 

receptor, ACE2, to infect humans as SARS-CoV, so clinical similarity between the two viruses is 

expected, particularly in severe cases (10). 

The virus is typically spread by close physical contact and via respiratory droplets when people 

cough or sneeze (11,12,13). People may also catch COVID-19 by touching their eyes, nose, or 

mouth immediately after touching a contaminated surface (12,13). It is most contagious when 

people are symptomatic, however, it may also spread when a person is asymptomatic (13). Nasal 

cells are identified as the key entry point for SARS-CoV-2 (14). Goblet and ciliated cells in the 

nose have high levels of the entry proteins ACE-2 and TMPRSS2 that SARS-CoV-2 uses to get 

into human cells. The virus exploits existing secretory pathways in nasal goblet cells sustained at 

a pre-symptomatic stage. Nasal carriage is likely to be a key feature of transmission, therefore 
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drugs administered intranasally could be highly effective in limiting spread. The two key entry 

proteins ACE2 and TMPRSS2 were also found in cells in the cornea of the eye, ocular as another 

route of infection (14, 15). With SARS-CoV-2 detected in human tears, ocular secretions might 

be a potential for human to human spread (16). There is controversy on whether the eye could be 

a transmission route for COVID-19, however, even if COVID 19 positive patients have no virus 

shedding through tears, the eye remains a potential portal of entry for ocular and systemic 

disease from the virus (16). Therefore, developing nasal and ocular treatment to reduce and 

prevent transmission of the debilitating virus is a viable while potentially highly effective 

strategy. 

There is no known vaccine or specific antiviral treatment for COVID-19, but development 

efforts are underway, including testing of existing medications (12). Current primary treatment is 

limited to supportive treatment of symptoms. Recommended preventive measures include hand 

washing, covering the mouth when coughing, maintaining distance from other people, and 

monitoring and self-isolation for people suspected for being infected (12). The COVID-19 case 

fatality rate has not yet peaked and it is anticipated that many more deaths will occur despite the 

efforts from many countries. There is, therefore, an urgent need to find effective ways to prevent 

and treat this virus. 

Povidone-iodine (PVP-I) is a complex of polyvinylpyrrolidone and iodine. It is also called 

iodophor and contains 9-12% iodine. It is a powerful disinfectant with broad-spectrum 

application and is effective against viruses, bacteria, fungi, and mold spores. PVP-I products 

have been used as disinfectant for the inactivation of various bacteria and viruses for years 

because of their strong bactericidal and antiviral activities. Povidone-iodine (PVP-I) is routinely 

used in ophthalmology and general surgery. PVP-I has been used in acute and chronic treatment 

of a variety of human indications. There have been numerous clinical studies demonstrating the 

safety of PVP-I in a variety of topical applications in ophthalmology, otology, rhinology and 

dermatology (18,19,20,21,22,23,24). PVP-I in nasal usage was also well documented, including 

both single use (24,25) and multiple applications. 3M Company introduced PVP-I based skin and 

nasal antiseptic (Povidone Iodine Solution 5% w/w [0.5% available iodine] USP). It has rapid, 

broad-spectrum antimicrobial activity, which reduces nasal bacteria, including S. aureus, by 99.5% 

in just one hour and maintains this reduction for at least 12 hours (26,27). In the clinical setting, 
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rhinologists and oral surgeons commonly use higher concentrations of PVP-I for various 

antimicrobial therapies as it offers an affordable, potent, well-tolerated and widely available 

antiseptic option with little to no cross-resistance. Gluck and colleagues reported a phase I study 

(n=35) assessing tolerability and local effect of a PVP-I spray (PVP-I 2.2 or 4.4%) in single and 

repeated (3 times a day for 3 days). No safety-relevant finding or serious adverse events were 

reported, no evidence for cyto- nor genotoxicity obtained (28). 

It was reported that PVP-I formulations are effective against both enveloped and non-enveloped 

viruses (29, 30, 31). The virucidal activity is mainly due to the free iodine released from PVP-I 

(32). In one study, PVP-I was effective in inhibiting SARS-CoV infectivity (33) of SARS-CoV 

with PVP-I products reduced the virus infectivity after 2 minutes of exposure from 1.17 x 106 

TCID (50)/ml to below the detectable level. In another study, PVP-I gargle/mouthwash diluted 

1:30 (equivalent to a concentration of 0.23% PVP-I) rapidly inactivated SARS-CoV after 15 

seconds of exposure (34). An in-vitro study of three formulations of PVP-I (PVP-I: 4% PVP-I 

skin cleanser, 7.5% PVP-I surgical scrub, and 1% PVP-I gargle/mouthwash) against a reference 

virus (Modified vaccinia virus Ankara, MVA) and MERS-CoV (35) showed a reduction in virus 

titer of ≥4 Log10 versus MVA and MERS-CoV, under both clean and dirty conditions after 15 

seconds of exposure with each undiluted PVP-I product. In addition to antiviral activity of 

SARS-CoV and MERS-CoV, PVP-I also showed virucidal efficacy against influenza virus A 

(H1N1), rotavirus, and murine norovirus (MNV) (34, 36, 37). PVP-I has also shown efficacy in 

preventing the infection and limiting the spread of Ebola virus disease (EBV) (38). Additionally, 

it is reported that PVP-I is virucidal against non-enveloped viruses e.g. polyomavirus, adenovirus, 

and poliovirus type 1 (31). Due to the similarities among enveloped viruses, PVP-I is expected to 

show virucidal efficacy against SARS-CoV-2. However, there is no published data on the use of 

iodine for the treatment or prevention of COVID-19. Currently no PVP-I product has been 

approved as a potential protection and prevention for the spread of this new debilitating virus. 

UK investigators recommended the immediate and UK-wide use of PVP-I nasal spray and 

mouthwash in healthcare workers and their patients to minimize the risk of spread of COVID-19 

as an adjunct to currently recommended PPE (39). 

It’s well known that nasal solutions are cleared off rapidly from the nasal cavity, while the 

conventional liquid ocular formulation is eliminated from the precorneal area immediately upon 
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instillation because of lacrimation and effective nasolacrimal drainage (40). The short contact 

time of water-soluble povidone-iodine on nasal mucosa or in the eye is undesirable and would 

necessitate frequent and multiple administration to maintain the virucidal efficacy, thereby 

limiting practicality and increasing medical burden for the patient. In addition, frequent dosing 

can lead to irritation and potential toxicity. Therefore, developing a safe, non-toxic and long-

acting PVP-I nasal spray or ophthalmic eye drop is an urgent medical need to protect people 

from SARS-CoV-2 infection, as well as to block the transmission through the nasal cavity or 

through the eye.  

In the current study, we investigated the in-vitro virucidal efficacy of PVP-I in-situ gel forming 

formulations against SARS-CoV-2 virus along with their safety assessment in animal toxicology 

studies. The results suggest that both IVIEW-1201 and IVIEW-1503, reduced SARS-CoV-2 

viral titers to near or below the level of detection after 2 minutes of exposure. Therefore, these 

preparations could potentially be used as a disinfectant for the virus in the nasal cavity or in the 

eye, respectively. By employing either the sustained release nasal spray or ophthalmic eye drop 

delivery technologies, we expect to reduce, treat, and eliminate SARS-CoV-2 in the nasal, sinus 

cavity, and in the eye. Additionally, the long-acting nasal spray can potentially be utilized as a 

prophylaxis for protecting against SARS-CoV-2 infection.  

Materials and Methods 
Chemicals 

Two sustained release povidone-iodine in-situ gel forming formulations, IVIEW-1201 and 

IVIEW-1503, consisting of 1.0 % and 0.6% of Povidone-iodine (w/w), respectively, were 

prepared for the study. Simulated tear fluid consisted of NaHCO3 (CAS 144-55-8), NaCl (CAS 

7647-14-5), CaCl2 (CAS 7440-70-2), KCl (CAS 7447-40-7) (Spectrum Chemicals, New 

Brunswick, NJ) and water. Simulated nasal fluid consisted of NaCl, CaCl2, KCl and water. In 

addition, ethanol (CAS 64-17-5) (Spectrum Chemicals, New Brunswick, NJ) was used as 

supplied. Povidone-iodine (1-vinyl-2-pyrrolidinone polymers, iodine complex], USP, CAS 

25655-41-8) is supplied by Ashland.  

Virus strains and cell culture 

SARS-CoV-2 (strain USA_WA1/2020, prepared by Natalie Thornburg, CDC and provided by 

WRCEVA, University of Texas Medical Branch) virus stocks were prepared by growing virus in 
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VERO 76 cells (ATCC®, CRL-1587, ATCC, Manassas, Virginia). Test media used was MEM 

supplemented with 2% fetal bovine serum (FBS, GE Healthcare Hyclone, Marlborough, MA) 

and 50 µg/mL gentamicin (Sigma-Aldrich, St. Louis, Missouri). 

Formulation Development 

Both formulations (IVIEW-1201 and IVIEW-1503) are brownish aqueous gel forming solutions 

of containing 1.0% and 0.6% (w/w) polyvinylpyrrolidinone-iodine complex (Povidone-Iodine), 

[1-vinyl-2-pyrrolidinone polymers, iodine complex], respectively. IVIEW-1201 is packaged in 

polypropylene (PP) plastic eye drop bottle; and IVIEW-1503 is packaged in amber glass bottle 

equipped with Aptar nasal spray pump for intranasal application. 

We have developed a proprietary PVP-I based sustained release platform technology (41,42) to 

produce in-situ gel forming formulations where the effective concentration of PVP-I is 

maintained by the equilibrium between solution PVP-I and the gel bound components resulting 

in a long-lasting, less toxic pharmacological effect in the eye and nasal cavity. The in-situ gel 

forming PVP-I composition is formulated with ion-sensitive in-situ gel forming materials such as 

Deacetylated Gellan Gum (Gelrite®) to increase the residence time of the dosage form in the eye 

and on the nasal mucosa. Preparations of PVP-I with gellan gum are dropped into eyes or 

sprayed into nasal cavity; gel formation takes place, induced by the electrolytes (Na+, K+, Ca2+, 

etc.) of the tear fluid or nasal fluid (43). 

Toxicological Studies of Dilute PVP-I Formulations 
Ocular Toxicity Study 

We have conducted a 7-Day Repeat Topical Ocular Dose Toxicity Study in rabbits to determine 

the potential ocular toxicity of PVP-I gel forming formulations at two concentrations, and a 

PVP-I /dexamethasone (dex) formulation (PVP-I 0.6%/dex 0.1%, this formulation was advanced 

by Shire Llc. for phase III clinical trials against adenoviral conjunctivitis in 2017 as SHP640) 

comparing each to the vehicle when administered by repeat topical ocular doses over a 7-day 

period to New Zealand white rabbits. Only rabbits with clinical normal eyes were used in this 

study.  12 female rabbits were equally divided into four groups with three (3) rabbits per group.  

Group one is vehicle, Group 2 is test group using 0.6% (6 mg/mL) PVP-I gel forming solution. 

Group 3 is a test group using 1.0% (10 mg/mL) PVP-I gel forming solution, and Group 4 is a test 
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group using PVP-I 0.6% (6 mg/mL)/ dex 0.1% (1 mg/mL) suspension.  Each eye was dosed 35 

µL/eye/dose for twice a day. 

Ophthalmic examinations occurred pre-dose, Day 1 after the first dose and after the final daily 

dose, Day 4 (±1 day) after the final daily dose, and on Day 7 after the final daily dose, but prior 

to necropsy. The evaluations included slit lamp examination, including general scoring according 

the McDonald-Shadduck scoring scheme, assessments of fluorescein and rose Bengal staining 

according to the National Eye Institute (NEI) corneal staining grid (5 sectors assessed for type of 

staining, surface area, and density of staining), and an assessment of eyelid swelling.  In addition, 

corneal sensation was assessed via a Cochet-Bonnet esthesiometer.  At the conclusion of the 

study, the animals were humanely euthanized, and the eyes and eyelids assessed microscopically.  

The fluorescein and rose Bengal scores were assessed by calculating a global score for each eye 

at each time point as well as score incidence. 

Intranasal Administration Toxicity Study 

We have conducted a 28-day toxicity study using Sprague Dawley CD® IGS rats to determine 

the potential subchronic toxicity of a PVP-I formulation (0.8% PVP-I/0.064% Budesonide gel 

forming nasal spray formulation). Sixty healthy rats (60) were selected for the test and equally 

distributed into four test groups and two recovery groups (control and high dose). Intranasal 

administration of the formulation at dose levels of 25, 50 and 75 µl and saline control at dose 

levels of 75 µl were evaluated. The saline control or the test substance was administered into the 

right nostril via a 200 µl pipette twice daily (approximately 12 hours apart). The animals were 

observed at least once daily for viability, signs of gross toxicity, and behavioral changes, and 

weekly for a battery of detailed observations. All main study animals were subjected to a 

necropsy of the upper respiratory tract and related sinuses at study termination (Day 29). 

Thyroids and lungs were collected and weighed.   

This formulation has higher PVP-I concentration compared to IVIEW-1503 formulation (0.6%). 

Since the intranasal usage of high concentration of PVP-I had no safety issues in the subchronic 

toxicity study, IVIEW-1503 as a nasal spray formulation should also have minimal to no safety 

concern.  
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Virucidal Assay  

The IVIEW-1201 (1.0% PVP-I) and IVIEW-1503 (0.6% PVP-I) formulations were tested for 

virucidal activity at the following concentrations: full strength (90% sample and 10% virus 

solution), 1/1.8, 1/3.2, and 1/10 diluted in simulated tears or simulated nasal fluid, respectively.  

SARS-CoV-2 virus stock was added to triplicate tubes of each prepared concentration at 1/10, so 

the final concentrations of solution tested were 90%, 50%, 28% and 9% of the original 

formulation concentration. Thus, the final PVP-I concentrations for IVIEW-1201 are 0.90%, 

0.50%, 0.28%, and 0.09%. The final PVP-I concentrations for IVIEW-1503 are 0.54%, 0.30%, 

0.17%, and 0.05%. Tear or nasal fluid only was added to one tube of each prepared concentration 

in the presence of virus to serve as the toxicity control. Ethanol (45%) was tested in parallel as 

the positive control and water only to serve as the virus control. 

Solution and virus were incubated at 37˚C for three contact times of 30 seconds, 2 minutes, and 

10 minutes. Following the contact period, the solutions were neutralized by a 1/10 dilution in test 

media containing 10% FBS and 0.5% sodium thiosulfate. 

Virus Quantification 

Neutralized samples were serially diluted using eight half-log dilutions in the test medium. Each 

dilution was added to 4 wells of a 96-well plate with 80-100% confluent VERO 76 cells. The 

toxicity controls were added to an additional 4 wells and 2 of these wells were infected with 

virus to serve as neutralization controls, ensuring that the neutralized samples did not continue to 

inhibit growth and detection of surviving virus. All plates were incubated at 37°C, 5% CO2. 

On day 6, the post-infection plates were scored for presence or absence of viral cytopathic effect 

(CPE). The Reed-Muench method was used to determine end-point titers (50% cell culture 

infectious dose, CCID50) of the samples, and the log reduction value (LRV) of the compound 

compared to the negative (water) control was calculated. 

Controls 

The reduction of virus in formulation-treated test wells compared to virus controls was 

calculated as the log reduction value (LRV). Toxicity controls were tested with media not 

containing virus to see if the samples were toxic to cells. Neutralization controls were tested to 

ensure that virus inactivation did not continue after the specified contact time, and that residual 
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sample in the titer assay plates did not inhibit growth and detection of surviving virus. This was 

done by adding toxicity samples to titer test plates then spiking each well with a low amount of 

virus (~60 CCID50) that would produce an observable amount of CPE during the incubation 

period. 

Results 
Ocular Toxicity Study Results 

No meaningful signs of ocular irritation or corneal staining were observed in the vehicle group 

(Group 1) during the study. Repeated topical dosing of each povidone iodine-containing 

formulation was associated with brief behavioral signs of irritation after each drop (squinting and 

pawing of eyes), transient signs of mild ocular irritation, and persistent corneal staining.   

In Groups 2 and 3, mild to moderate ocular irritation was observed, characterized primarily by 

conjunctival involvement, and was more pronounced on Day 1 after the last dose, then lessened 

with time.  A dose response with the irritation was observed whereby Group 3 (1.0% PVP-I) 

showed more signs of irritation, including transient corneal involvement, than Group 2 (0.6% 

PVP-I).  At the end of Day 1, the mean global staining score was highest for Group 2 (0.6% 

PVP-I) for both fluorescein and rose Bengal staining as compared to Group 3 (1.0% PVP-I).  The 

corneal staining in Group 2 (0.6% PVP-I) was lower at the Day 4 exam; the fluorescein staining 

plateaued between Days 4 and 7, whereas the rose Bengal staining continued to decrease in 

intensity.  On Days 4 and 7, the staining in Group 2(0.6% PVP-I) was lower than the staining for 

Groups 3 (1.0% PVP-I).  The fluorescein and rose Bengal staining scores for Groups 3 (1.0% 

PVP-I) did not change dramatically from Day 1 last dose scores.   

In conclusion, the repeated topical administration of povidone iodine-containing gel forming 

formulations over 7-days was associated with mild and transient signs of ocular irritation.  

Corneal staining with both fluorescein and rose Bengal was observed in both Group 2 (0.6% 

PVP-I) and Group 3 (1.0% PVP-I).  After the last dose on Day 1, the Group 2 (0.6% PVP-I) 

mean global staining score was higher than Group 3 (1.0% PVP-I).  However, the staining in 

Group 2 (0.6% PVP-I) decreased by Day 4 such that the scores were lower than the staining in 

Group 3 (1.0% PVP-I), which changed little from the Day 1 observations.  There were no 

associated histological findings.  The results suggest that the 0.6% PVP-I and 1.0% PVP-I gel 
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formulations (Group 2 and 3) are associated with transient irritation and mild toxicity limited to 

the superficial ocular tissues with a slight dose response suggested after Day 1.  The lack of 

meaningful histological signs of corneal damage or inflammation support that the clinical 

observations are not associated with permanent changes after 7 days of dose administration. 

Intranasal Administration Toxicity Study Results 

There were no mortalities during the course of the study and no test substance-related changes in 

body weight, body weight gain, food consumption, thyroid weights and lung weights for the 

duration of the study. There were no macroscopic observations at terminal sacrifice considered 

attributable to the administration of the formulation intranasally. Following a gross necropsy of 

the upper respiratory tract and related sinuses, there were no signs of irritation and no 

abnormalities were detected. Therefore, it has demonstrated the subchronic intranasal use of 

PVP-I is expected to have no toxicity concerns. 

Virucidal Assay Results 

Virus LRV (log reduction value) for IVIEW-1201 and IVIEW-1503 against SARS-CoV-2 virus 

are shown in Table 1. PVP-I formulation toxicity was not observed at any concentration. Ethanol 

(45%) had some observable toxicity at the 30-second and 2-minute time points. As a result of 

this toxicity, the presence of virus could not be ruled out in those wells therefore the limit of 

detection was 1.7 log10 CCID50 of virus per 0.1 mL. 

Table 1. Virucidal efficacy against Covid-19 virus after incubation with virus at 37°C. 

Sample Drug 

Concentration 

(%) 

PVP-I 

Concentration 

(%) 

Contact 

Time (min) 

 

Viral Titera 

LRVb 

 

IVIEW-1201 90 0.9 0.5 <0.67 ± 0.0 3.5 

IVIEW-1201  50 0.5 0.5 1.0 ± 0.3 3.2 

IVIEW-1201  28 0.28 0.5 2.0 ± 1.0 2.2 

IVIEW-1201  9 0.09 0.5 3.0 ± 0.4 1.2 

IVIEW-1503 90 0.54 0.5 1.1 ± 0.1 3.1 

IVIEW-1503  50 0.3 0.5 1.1 ± 0.3 3.1 

IVIEW-1503  28 0.17 0.5 1.2 ± 0,4 2.9 
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IVIEW-1503 9 0.05 0.5 1.9 ± 1.0 2.3 

Ethanol   0.5 <1.7 ± 0.0 3.5 

Virus Control    0.5 4.2 ± 0.4 0 

IVIEW-1201  90 0.9 2 <0.67 ± 0.0 2.9 

IVIEW-1201  50 0.5 2 <0.67 ± 0.0 2.9 

IVIEW-1201 28 0.28 2 1.0 ± 0.3 2.6 

IVIEW-1201  9 0.09 2 2.8 ± 0.4 0.8 

IVIEW-1503  90 0.54 2 <0.67 ± 0.0 2.9 

IVIEW-1503 50 0.3 2 <0.67 ± 0.0 2.9 

IVIEW-1503  28 0.17 2 0.8 ± 0.2 2.8 

IVIEW-1503 9 0.05 2 1.7 ± 0.6 1.9 

Ethanol   2 <1.7 ± 0.0 1.9 

Virus Control   2 3.6 ± 0.1 0 

IVIEW-1201  90 0.9 10 <0.67 ± 0.0 3.3 

IVIEW-1201 50 0.5 10 <0.67 ± 0.0 3.3 

IVIEW-1201  28 0.28 10 <0.67 ± 0.0 3.3 

IVIEW-1201 9 0.09 10 2.9 ± 0.4 1 

IVIEW-1503  90 0.54 10 <0.67 ± 0.0 3.3 

IVIEW-1503 50 0.3 10 <0.67 ± 0.0 3.3 

IVIEW-1503  28 0.17 10 <0.67 ± 0.0 3.3 

IVIEW-1503  9 0.05 10 2.4 ± 0.1 1.6 

Ethanol   10 <0.67 ± 0.0 3.3 

Virus Control    10 4.0 ± 0.3 0 
a: Log10 CCID50 of virus per mL, mean of 3 replicates ± standard deviation 
b: LRV (log reduction value) is the reduction of virus compared to the virus control 

In antiviral kinetics studies, a dose response was observed after treatment with both IVIEW-1201 

(Figure 1) and IVIEW-1503 (Figure 2). PVP-I formulations produced greater reduction in virus 

with increasing concentration and time of contact with the virus.  Higher concentrations (0.9% 

PVP-I of IVIEW-1201; 0.54% PVP-I of IVIEW-1503) of the formulations completely 

inactivated SARS-CoV-2 virus, reducing titers below the level of detection. This was similar for 
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the half concentration of both IVIEW-1201 (0.5%) and IVIEW-1503 (0.3%), which also reduced 

virus to near or below the level of detection. Lower concentrations (0.28% PVP-I of IVIEW-

1201; 0.17% PVP-I of IVIEW-1503) also reduced the virus substantially. The lowest 

concentration (0.09% PVP-I of IVIEW-1201; 0.05% PVP-I of IVIEW-1503) of the formulations 

did not reduce virus significantly with increased contact time. 

Figure 1. Kinetics of SARS-CoV-2 Virus Inactivation by IVIEW-1201 PVP-I Gel Forming 

Ophthalmic Formulation  

 

Figure 2. Kinetics of SARS-CoV-2 Virus Inactivation by IVIEW-1503 PVP-I Gel-Forming 

Nasal Spray Formulation  
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Neutralization controls demonstrated that residual samples did not inhibit virus growth and 

detection in the endpoint titer assays in wells that did not have cytotoxicity. Virus controls and 

positive controls performed as expected.  

Discussion 
Although several potential treatments have been identified, there are currently no clinically 

approved interventions for the treatment or prevention of SARS-CoV-2 virus. A variety of drugs 

such as Interferon α, Lopinavir/Ritonavir, Ribavirin, Chloroquine Phosphate and Arbidol have 

undergone limited clinical evaluation in China, U.S. and Italy, but do not show a clear benefit to 

patients (44, 45, 46, 47, 48). One of the major limitations of the drugs mentioned above is that 

there is no data available on the adverse reactions of the high dosages of the antiviral drugs when 

given for long durations. The duration of medication needed is also currently unknown (48).  

Studies have shown that the SARS-CoV-2 virus uses angiotensin-converting enzyme 2 (ACE2) 

in the lungs as a receptor and relies on an enzyme known as transmembrane protease serine 2 

(TMPRSS2) to enter and fuse with host cells in order to replicate (49). This has led medical 

professionals to test existing antivirals that are known to interfere with viral membrane fusion 

and disrupt RNA polymerase in order to prevent further viral production in hosts. 

Hydroxychloroquine, an antimalarial and derivative of chloroquine, is one such therapy that is 
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believed to be one of the potential therapies in treating COVID-19. Its mechanism has been used 

to prevent the transport of virions to the replication site by altering pH and block viral 

endocytosis to hosts (49). However, in a recent COVID-19 trial consisting of 36 patients, 14 

patients treated with hydroxychloroquine have continued to show symptoms of upper or lower 

respiratory tract infections (50). Although hydroxychloroquine has increased potency and 

tolerable safety profile compared to chloroquine, potential adverse effects such as electrolyte 

imbalance and fatal dysrhythmias could take place (50). Another possible therapy, Remdesivir®, 

a nucleotide analogue, inhibits viral RNA polymerase and was developed as a substance to 

combat ebolaviruses, SARS-CoV, and MERS-CoV (49, 52, 53). With significant results in in 

vitro testing against SARS-CoV-2, the therapy appears to be another potential prophylaxis. In a 

compassionate use study of 53 COVID-19 patients, 36 patients (68%) have showed clinical 

improvement in the category of oxygen support while 8 patients (15%) showed worsening (52, 

53). Remdesivir® showed significant improvement among patients with minimal to no invasive 

oxygen support. Remdesivir® is more effective in patients who are not receiving invasive 

ventilation or extracorporeal membrane oxygenation (ECMO) (52, 53). During the study, there 

have been no new safety concerns, however, the relatively short duration and small size study 

does not provide clear evidence of toxicity (52, 53). Nonetheless, FDA has approved the use of 

hydroxychloroquine and Remdesivir® for emergency authorization to treat COVID-19.   

We have successfully developed the in-situ gel ophthalmic formulation, IVIEW-1201, currently 

in global phase II trials for the treatment of adenoviral conjunctivitis; and an in-situ gel forming 

PVP-I/Budesonide combination nasal spray formulation, IVIEW-1502, under pre-IND studies 

for the treatment of chronic rhinosinusitis. The development of IVIEW-1503 was to decrease the 

mucociliary clearance using mucoadhesive in-situ gel forming formulations to prolong the 

residence time of the drug in the nasal cavity. Because human nasal mucosa is covered with a 

layer of approximately 0.1 ml of mucus, which consists of sodium, potassium and calcium ions, 

a solution-gel phase transition will occur with ion-sensitive gel formulations.  

PVP-I is a low-cost topical medication which could significantly reduce the burden on the 

existing health care system if it is proven to be effective in reducing viral load. Presently, the 

estimated cost of managing a patient with proven positivity for COVID 19 but without any 

complications is $9,673. For a patient with complications or co-morbidity it is $13,767 and for a 

patient with major complications or co-morbidity it increases to $20,292 (54). If we only assess 
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the deceased patients (281,399 by May 10, 2020) and presume that they were hospitalized 

without complications prior to their death, the amount globally spent to treat this condition 

would be over 2.72 billion USD. This still does not include testing costs or healthcare costs for 

those patients with mild to moderate complications.  

The next phase is to determine if topical PVP-I nasal sprays and irrigations will result in a 

reduction in the SARS-CoV-2 viral load, and to show whether there is a significant reduction in 

hospitalization or need for advanced life support in these patients. Based on a clinical study in 

Europe, it was found that paucisymptomatic patients, because of high viral loads in upper 

respiratory tract samples, might potentially transmit the disease during the very first days of 

infection despite having a mild presentation or symptoms of the disease (55). It therefore seems 

critical to reduce viral loads at the beginning of the infection, not only for the inhibition of virus 

evolution for the infected patient, but also for the prevention of virus transmission towards 

contacts of infected patients. 

In addition, it would be important to determine whether there is a significant symptomatic 

improvement in the quality of life scores with the use of povidone-iodine nasal spray or 

irrigation. Further development of a long-acting PVP-I gel forming nasal spray, or a PVP-I nasal 

irrigation formulation, to treat patients infected with COVID-19 in the early stages to lessen the 

severity of the infection and possibly prevent it from progressing into a severe stage would be 

important. 	

Conclusion	

In this study, PVP-I formulations were shown to inactivate SARS-CoV-2 virus efficiently in both 

dose- and time-dependent manner. This suggests that PVP-I could potentially be used as a 

disinfectant for SARS-CoV-2 virus. More importantly, IVIEW-1503 PVP-I nasal formulation 

may potentially be used to inactivate SARS-CoV-2 virus in the nasal cavity thereby preventing 

infection of the airways. Subsequent development of IVIEW-1201 PVP-I ophthalmic 

formulation can also possibly be used to inactivate SARS-CoV-2 virus in the eyes and further 

prevent viral infection. Further human clinical studies to evaluate these sustained release PVP-I 

gel forming formulations against COVID-19 to assess both safety and efficacy are warranted.	
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