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Executive Summary 
A novel coronavirus, SARS-CoV-2, causing Coronavirus disease 2019 (COVID-19) surfaced in Wuhan 

China in December 2019 and reached pandemic status in a few short months. The death toll is in the 

millions and continues to rise as the world races to find a cure, a vaccine, another solution to prevent 

the spread of this highly contagious killer. The clinical course of the disease is variable, presenting as 

mild upper respiratory tract symptoms, pneumonia, and even acute respiratory distress syndrome 

requiring advanced life support. It is transmitted through respiratory droplets, direct contact with 

infected persons, or by contact with contaminated surfaces. Asymptomatic individuals test positive for 

the virus and may spread it to others prior to any signs of illness, which creates particular challenges in 

preventing its spread. The infection control and prevention measures implemented include hand 

hygiene, physical distancing, mask wearing, quarantining and even government mandated lock downs. 

Intended to protect individuals, these measures have also led to financial strain and other public health 

problems. Healthcare workers, frequently exposed to the virus, are a vulnerable yet indispensable group 

in critical need of additional personal protection measures to prevent nosocomial transmission. The 

need for society to operate without restriction in tandem with the need for novel preventative and 

treatment measures mandates new ways of controlling the spread of the virus. 

 
In order to decrease the spread of the virus, an understanding of how the virus infects individuals is 

important. The importance of the nasal and oral cavities as the main route of virus entry, incubation, 

viral replication and their role in transmission of the virus from person to person has gone mostly 

unaddressed by the medical community at large, WHO and most world experts. 

Now is the time to address and act swiftly to this most basic scientific fact that can significantly reduce 

or contain the SARS-CoV-2 from continued spread. The nose and mouth inhale more than 70,000 liters 

of air per day. Hence they are the entry point of airborne and aerosolized pathogens which cause upper 

and lower respiratory infections. The nasal epithelium, which is part of the portal of entry for initial 

infection and transmission likely plays a more significant role in viral load and build than the oral cavity. 

This is because nasal swabs have yielded higher viral loads than throat swabs in both symptomatic and 

asymptomatic patients. SARS-CoV-2 can be shed from the nasal cavity into the environment; the mouth 

also plays a role as an exit site of the virus through emission of saliva drops. Due to the role of the nasal 

and oral cavities, the hand-to-nose-to-hand cycle of contamination is particularly important for infection 

control. Cellular entry of the virus depends on the binding of a spike (S) protein to the angiotensin- 

converting enzyme 2 (ACE2) receptor of epithelial cells. Studies have shown that ACE2 expression is 

prevalent in the lung and airway epithelium, but highest in nasal epithelial cells. This suggests that the 

nasal passage is highly susceptible to seeding the virus and an important site for decreasing transmission 

or eliminating the virus before it spreads to the lungs. Even just minimizing the viral load in saliva and 

nasal mucous could reduce transmission of the disease, especially cross-infections from patients to 

healthcare workers and vice versa. 

 
Povidone-iodine (PVP-I) is a topical broad-spectrum antiseptic widely used for decades because of its 

broad spectrum antimicrobial activity and established safety profile. Due to its in vitro virucidal activity 

against coronavirus, it has been used during pandemics caused by severe acute respiratory syndrome 

coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV). There have 

been several studies looking at the in vitro efficacy of PVP-I preparations against SARS-CoV-2 in 

concentrations ranging from 0.5% to 10%. These studies show that PVP-I completely inactivated the 
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virus in as little as 15 seconds of contact time at concentrations as low as 0.5%. Based on the in vitro 

results and established safety profile of PVP-I, these studies advise that PVP-I could be readily integrated 

into COVID-19 infection control measures in hospital and community settings. 

 
Because PVP-I is highly virucidal in vitro against SARS-CoV-2, many institutions have suggested protocols 

for its implementation to reduce especially during high risk procedures. These protocols suggested 0.4% 

PVP-I nasal irrigation (240mL), 0.5% PVP-I solution for oropharyngeal wash (10mL), 0.5% PVP-I irrigation 

(500mL) for otorhinolaryngologic procedures, 2% PVP-I solution for head and neck surgeries, and 0.2% 

PVP-I pre-procedural mouth rinse in dental settings. Other studies have looked at 1.0% PVP-I oral gargle, 

0.5% PVP-I solution applied to the mouth and nose, and 0.5% PVP-I gargles and nasal drops. The authors 

of these protocols emphasized the safety of these dosages noting that even higher concentrations of 

PVP-I are tolerated without mucociliary toxicity. They advised that use of PVP-I should be avoided in 

patients with a contraindication to topical iodine (allergy/anaphylaxis, labile thyroid disease, contact 

dermatitis, pregnancy/nursing, active radioiodine therapy). In summary, they suggested that healthcare 

providers in other settings should also consider use of PVP-I as a form of personal protective equipment 

to augment current practice recommendations. 

 
PVP-I is commercially available in a variety of dosages and formulations such as nasal sprays, 

mouthwashes and skin cleansers. It is available as a handwashing agent (PVP-I 7.5%), a pre-procedural 

skin antiseptic (PVP-I 10% solution), and solutions for ophthalmic and oral surgery. There are also 

products intended for routine use such as BETADINE® Gargle & Mouthwash (1% w/v) and BETADINE® 

Sore Throat Spray (0.45% w/v). Nasodine®, a PVP-I product developed for use during the COVID-19 

pandemic is available as a 2.5% PVP-I nasal swabstick, 1.25% PVP-I nasal ampule, 1.25% PVP-I oral spray, 

and 1.75% oral rinse. The effective concentration of these products against SARS-CoV-2 in the presence of 

mucus and saliva is unknown. However, most in vitro studies looking at PVP-I efficacy against SARS-CoV-2 have 

looked at concentrations ranging from 0.5% to 2.5%. Thus, the concentration of a PVP-I nasal product should 

take into account dilution at the application site, but still fall within the range of effective concentrations found 

in in vitro studies. 

 
The utility and excellent safety profile of both topical nasal and oral solutions of PVP-I has long been 

recognized. There have been numerous clinical studies demonstrating the safety of PVP-I in a variety of 

topical applications in ophthalmology, otology, rhinology and dermatology. PVP-I for nasal use is also 

well documented, including both single use and multiple applications. Povidone-iodine may be toxic to 

the cilia of the nose, may cause allergic reactions or skin irritation, and may cause thyroid problems but 

these effects are typically found when high concentrations are used for prolonged periods of time. 

Povidone-iodine should be avoided in allergy/anaphylaxis to iodine, labile thyroid disease, contact 

dermatitis, pregnancy/nursing, and concurrent active radioiodine therapy. 

 
COVID-19 transmission dynamics are complex and multifactorial. Wearing facemasks, physical 

distancing, and frequent handwashing, are evidence-based approaches to reduce transmission of the 

disease. Despite the implementation of these measures, the disease continues to spread and the need 

for additional measures is essential. For example, due to the shortages of personal protective 

equipment, cloth masks are often used which are less effective than medical/surgical masks. 

Medical/surgical masks are worn longer than their intended duration of use, increasing the risk of 
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potential contamination on the outer surface of the mask and subsequently the wearer. Physical 

distancing and isolation are often difficult to maintain within households and transmission among family 

members is thought to contribute to the rapid spread of the disease. Proper hand hygiene is also 

essential to stop the spread of the disease but too frequent hand washing may cause skin 

irritation/breakdown which is another possible portal of entry for the virus. Povidone-iodine is an extra 

layer of defense when facemasks, physical distancing, or handwashing are imperfectly implemented or 

fail to stop the virus in its tracks. If available within homes, regular use of povidone-iodine may decrease 

transmission among family members. 

We propose intra-nasal and oral applications in the form of easy to use sprays. These low dose PVP-I 

(Povidone Iodine) containing formulas are specially formulated in a base vehicle that includes a wetting agent to 

enhance mucus removal, destruction of the virus envelope, enhance the penetration of iodine into the mucus 

layer and into the virus itself, killing it nearly instantly. The products are recommended for asymptomatic 

healthy individuals working in moderate or high risk jobs (public service, food service, hospitality, cruise ships and 

amusement parks). The rationale is that many of these asymptomatic individuals can harbor high viral loads 

which can easily spread to others under the right conditions. Additionally, it is recommended for healthcare 

workers on the front line for use as a general prophylaxis and for SARS-CoV-2 positive patients to help limit the 

spread of SARS-CoV-2 to the lower respiratory system, the lungs and to others within their household. 

When used as directed, that is, three sprays per nostril every 4-6 hours and three sprays to the oral 

cavity every 4-6 hours, the ingredient exposure and safety of the formulations are very safe and well 

within previously recorded safe limits in those without contraindications to its use. Since povidone-iodine 

is highly virucidal to the virus within seconds, any mess caused by usage of the spray (spillage from the nasal 

cavity) would not contaminate surfaces. This intervention is inexpensive, low risk and can be easily 

deployed at global scale to thwart transmission. 

Background 
The coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus 

(SARS-CoV-2), progressed to a pandemic associated with substantial morbidity and mortality within a 

few short months and its destruction is ongoing more than a year later. Coronavirus is a species of virus 

that primarily causes respiratory illness as seen in the pandemics caused by SARS-CoV virus in 2003 and 

the Middle East Respiratory Syndrome Coronavirus (MERS-CoV) in 2012 both of which affected multiple 

countries and inflicted hundreds of deaths. 

 
Genetic sequencing shows that SARS-CoV-2 to be similar to SARS-CoV; both are enveloped viruses with 

single stranded RNA genomes.2 They are transmitted through respiratory droplets, direct contact with 

infected persons, or by contact with contaminated objects and surfaces harboring the pathogens. 2 

SARS-CoV, however, was controlled within 8 months whereas SARS-CoV-2 continues to spread a year 

after its identification.12 One reason that SARS-CoV-2 appears to be more contagious is that the viral 

load appears highest in the upper respiratory track, particularly the nasopharynx, which serves as one of 

the main reservoirs for aerosolized transmission, even within three days of symptom onset.13 

Additionally, SARS-CoV-2 can be detected in asymptomatic individuals. One study shows viral loads of 

asymptomatic and symptomatic patients are similar.14 Another report from China’s National Health 

Commission reveals that the vast majority of infections (four out of five) were totally asymptomatic. In 

particular, 130 out of a total of 166 new infections identified in China on April 1, 2020 had no symptoms 
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whatsoever.4, 11 This has made containing the virus problematic, especially among nursing homes and 

places where multiple individuals reside.4, 10 Because SARS-CoV-2 is highly contagious and transmissible 

prior to any sign of illness, appropriate measures to prevent the infection have been critical until 

treatments become available. 

 
The infection prevention and control (IPC) measures to limit the spread of the SARS-Cov-2 virus include 

hand hygiene, physical distancing, wearing a mask, use of personal protective equipment (PPE), travel 

restrictions, quarantining suspected persons through contact tracing, restricting large gatherings, and 

government mandated lock downs, among others. Although these measures are intended to protect 

individuals, they have also led to other socioeconomic and public health challenges such as financial 

recession, unemployment, and psychiatric illness. The shortage of resources, particularly PPE, has 

challenged healthcare systems to allocate their supply to meet not only their needs but that of the 

community.3 Despite the use of PPE among communities and workplaces, the pandemic continues. 

Novel ways to prevent the spread and protect individuals are needed. 

 
Healthcare workers are highly exposed to the virus. Early in the pandemic, prior to the implementation 

of IPC measures, nearly 90% of cases in the Hubei province of China were healthcare workers.16 Several 

types of procedures and treatments may increase the risk of nosocomial, or hospital acquired, 

transmission. For example, critical care procedures needed during acute respiratory distress syndrome 

such as non-invasive ventilation, intubation, and suction can create a bio-aerosol with high viral 

inoculum.17 Healthcare workers exposed during these procedures can then transmit the virus to other 

patients. One study reports that 41% of their patients had suspected nosocomial transmission.18 The 

high burden on healthcare workers due to the high nosocomial spread, staff absences, stressful 

conditions, and the shortage of PPE, necessitates a high focus on providing additional resources to this 

group. 

 
In summary, SARS-CoV-2 is highly transmissible at early stages of infection and can be detected in 

asymptomatic individuals. The clinical course of those infected with SARS-CoV-2 is highly variable. 

Individuals can present with mild upper respiratory tract symptoms or non-life-threatening pneumonia 

which may or may not progress to rapidly deteriorating severe pneumonia with acute respiratory 

distress syndrome (ARDS) requiring advanced life support.10 There is ongoing research evaluating novel 

systemic therapies, post-convalescent serum, and vaccine development, but these interventions are 

costly and time intensive.10 Many infection prevention and control measures have been put in place but 

these have led to other economic, social, and public health challenges. Healthcare environments in 

particular demand additional solutions due to nosocomial transmission, increased exposure among 

healthcare workers, and the shortage of PPE. The need for society to operate without restriction in 

tandem with the need for novel preventative and treatment measures mandates news ways of 

controlling the spread of the virus. 

SARS-CoV-2 Pathophysiology and Transmission 
In order to decrease the spread of the virus, an understanding of how the virus infects individuals is 

important. The nasal epithelium is described as a portal of entry for initial infection and transmission 

more so than the oral cavity. This is because nasal swabs have yielded higher viral loads than throat 

swabs in both symptomatic and asymptomatic patients.5,6 14,,19 One study in particular analyzed the viral 

load in nasal and throat swabs obtained from 17 symptomatic patients in relation to the day of onset of 
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symptoms.14 Viral loads were detected soon after symptom onset, with higher viral loads detected in the 

nose than in the throat.14 It is hypothesized that since the viral load in asymptomatic patients is similar 

to that in symptomatic patients, there may be transmission potential among asymptomatic or 

minimally symptomatic patients.14 It is important to note that high loads of SARS-CoV-2 can be shed 

from the nasal cavity into the environment before symptom onset.10 

 
The mouth also plays a role as an exit site of the virus through emission of saliva drops, which can 

contain up to 1.2x108 infectious copies/mL.10, 20 Even a few microliters of saliva contaminating surfaces 

or instruments may carry many thousands of infectious viral particles, which may remain viable for days 

depending on the inoculum shed7. Due to the role of the nasal and oral cavities, the hand-to-nose-to- 

hand cycle of contamination is particularly important for infection control. It is also thought that SARS- 

CoV-2 may also cause re-infect individuals, since other human coronaviruses which cause the common 

cold re-infect individuals regardless of any humoral immunity.4 

 
Cellular entry of the virus depends on the binding of a spike (S) protein to the angiotensin-converting 

enzyme 2 (ACE2) receptor of epithelial cells. One study evaluated ACE2 expression within the lung and 

airway epithelium and found the number of ACE2 expressing cells in the nasal and mouth tissues to be 

comparable to the number in the lung and colon tissues, with nasal epithelial cells showing the highest 

expression overall.5 Another study used high sensitivity in situ RNA mapping to study the pathogenesis 

of SARS-CoV-2.32 It revealed the highest ACE2 expression in the nose with decreasing expression 

throughout the lower respiratory tract.32 This was paralleled by a striking gradient of SARS-CoV-2 in 

proximal versus distal pulmonary epithelial cultures.32 The pathogenesis is further shown in the 

graphical abstract below. These findings highlight the susceptibility of the nasal passage with likely 

subsequent aspiration mediated virus seeding to the lung.32 

 
The nasal or oral cavities and are important sites for treatment and prevention given the pathogenesis 

of the virus. Since the nasal cavity has higher expression of ACE2 and carries higher viral load, 

treatments administered intranasally could be highly effective in both decreasing transmission or 

eliminating the virus before it spreads to the lungs. Even just minimizing the viral load in saliva and nasal 

mucous could by a key tenet in reducing transmission of the disease, especially cross-infections from 

patients to healthcare workers and vice versa. 
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GRAPHICAL ABSTRACT: PATHOGENESIS OF SARS-CoV-232 

 

Asymptomatic Transmission of COVID-19 
One key question in the COVID-19 pandemic is if asymptomatic individuals with SARS-CoV-2 infection 

have the potential to significantly contribute to the community spread of COVID-19. Previous studies 

have shown that viable SARS-CoV-2 was isolated from asymptomatic individuals and that a certain 

number of cases are likely to have been transmitted from asymptomatic individuals.14,66-72 One study 

assessed the viral loads in asymptomatic individuals with SARS-CoV-2 infection in comparison with those 

in symptomatic patients with COVID-19.65 It was found that asymptomatic individuals were frequent 

among those infected with SARS-CoV-2 and harbored a comparable viral load compared with that of 

symptomatic patients.65 Thus, asymptomatic individuals may act as a meaningful driving force for the 

community spread of COVID-19.65 However, this study had limitations since real time reverse 

transcription PCR (RT-PCR) testing does not necessarily indicate the presence of viable virus; cell culture 

is needed for confirmation of viable virus.65 Therefore, further studies are needed to determine whether 

the prolonged duration of positive RT-PCR results in asymptomatic individuals with SARS-CoV-2 infection 

or mildly symptomatic patients with COVID-19 can be translated into a continuous need for precaution 

and quarantine.65 There are other studies, however, where viable virus was isolated from asymptomatic 

patients and thus could contribute to transmission dynamics.68,69 

 
Another concern is that asymptomatic individuals with COVID-19 are likely to go unnoticed owing to the 

rapid spread of the virus and limited testing capabilities in some communities. Thus, the true extent of 

their possible contribution to the community spread of COVID-19 is unknown. Also, the relationship 

between viral load and the threshold beyond which symptoms appear or transmissibility is inevitable 

needs to be established. This relationship would help guide individuals on how to protect themselves 

and their families not only out in public but within their own home. For example, one study found that 
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asymptomatic patients had much higher viral loads than symptomatic patients73 whereas a different 

study found higher viral loads in severe patients than in patients with mild disease.74 In general, there 

seem to be studies that find viral loads in severe patients lower, higher or equal (no significant 

difference) compared to mild patients. A lot of the differences in these studies depend on where and 

when the samples taken from and the type of testing (RT-PCR versus cell culture) that was performed. 

Until transmission dynamics of SARS-CoV-2 are further defined and established, the importance of using 

multiple layers of protection among symptomatic and asymptomatic individuals is crucial. 

 
Povidone-Iodine In-Vitro Efficacy against SARS-CoV-2 
Povidone-iodine (iodine with the water soluble polymer polyvinylpyrrolidone, PVP-I) is a topical broad- 

spectrum antiseptic that is reported for antibacterial, antiviral, and antifungal properties. 1 It was 

discovered in 1955 at the Industrial Toxicology Laboratories in Philadelphia by H.A. Shelanski and M.V. 

Shelanski, who wanted to develop an antimicrobial iodine complex that was less toxic than tincture of 

iodine, which caused burns and other bullous reactions.21, 43 When iodine is formulated with 

polyvinylpyrrolidone, it creates a sustained release system that reduces the irritancy of iodine.43 The 

onset of antimicrobial action starts when free iodine dissociates from the polymer complex of PVP. The 

free form of iodine rapidly penetrates microbes, disrupts proteins, and oxidizes nucleic acid structures, 

resulting in microbial and viral death.2, 21 

 
PVP-I formulations have been widely used for several decades because of their broad-spectrum 

antimicrobial activity and established safety profile. PVP-I has demonstrated in vitro efficacy against 

gram-positive, gram negative, spore-forming bacteria (Clostridia, Bacillus spp.), mycobacteria, and a 

wide range of enveloped and non-enveloped viruses.28 It has higher virucidal activity than other 

commonly used antiseptic agents including chlorhexidine and benzalkonium chloride.22 Due to its in vitro 

virucidal activity against coronavirus, it has been used during pandemics caused by severe acute 

respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS- 

CoV).2,23,24 Additionally, PVP-I mouthwash is included on the WHO research and development blueprint 

for experimental therapies against COVID-19.27 It is also on the WHO List of Essential Medicines, which 

identifies important medicines necessary for a functional healthcare system.27There have been several 

studies looking at the in vitro efficacy of PVP-I preparations against SARS-CoV-2. 

 
One study investigated the optimal contact time and concentration for virucidal activity of oral PVP-I 

preparations against SARS-CoV-2 to mitigate the risk and transmission of the virus in dental practice. The 

PVP-I solutions of 0.5%, 1.0% and 1.5% concentrations and virus were tested in test media at room 

temperature for 15 and 30 seconds.25 Test media without any virus was added to ethanol (70%) to serve 

as a toxicity control and water as a neutral control. 25 Surviving virus from each sample was quantified. 25 

PVP-I oral antiseptics at all concentrations inactivated SARS-CoV-2 within 15 seconds of contact. 25 The 

70% ethanol inactivated the virus at 30 seconds, but not at 15 seconds. 25 The authors concluded that 

these results justified the pre-procedural oral rinsing with PVP-I as an adjunct to personal protective 

equipment for dental and surgical specialties. 25 

 
Another study investigated the in vitro efficacy of intranasal preparations of PVP-I against SARS-CoV-2 at 

various concentrations and contact times.31 This study had the aim to reduce transmission in 

otolaryngology and operating room settings, especially since many procedures produce aerosols placing 
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healthcare workers in these settings at higher risk of contact with the virus.31 This study tested PVP-I at 

diluted concentrations of 0.5%, 1.25%, and 2.5% as well as ethanol 70% as a positive control on test 

media infected with SARS-CoV-2.31 They found that all concentrations completely inactivated SARS-CoV- 

2 within 15 seconds, but ethanol 70% did not completely inactivate the virus after 15 seconds.31 They 

also found that no cytotoxic effects on cells were observed after contact with each of the nasal 

antiseptics.31 They concluded that use of intranasal PVP-I rapidly inactivates SARS-CoV-2 at 

concentrations as low as 0.5% for as little as 15 seconds of contact.31 They also concluded that these 

products demonstrated safety at concentrations of 1.25% and below and may play an adjunctive role in 

mitigating viral transmission beyond personal protective equipment.31 They suggested use of PVP-I nasal 

antiseptic in patients prior to intranasal procedures as well as nasal PVP-I irrigation for healthcare 

workers for prophylaxis. 

 
Another study characterized the virucidal activity of long-acting PVP-I in-situ gel forming nasal spray 

(PVP-I 0.6%) and ophthalmic eye drop (PVP-I 1.0%) along with a safety assessment using animal 

toxicology studies.26 The authors of this study were concerned that most nasal solutions are cleared off 

rapidly from the nasal cavity and conventional liquid ocular formulations are eliminated from the 

precorneal area immediately upon instillation because of lacrimation and would require frequent and 

multiple administration leading to irritation and potential toxicity. 26 Thus, the idea of the in situ gel 

forming formulation was intended to have a long lasting, less toxic pharmacologic effect at the site of 

application. 26 Each formulation was tested at different concentrations and treatment times. Ethanol 

(4%) was tested in parallel as the positive control and water as a neutral control. 26 Higher 

concentrations of the eye drop (0.9%) and of the nasal spray (0.54%) completely inactivated SARS-CoV-2 

at two minutes. 26 At 30 seconds, the half concentration of the eye drop (0.5%) and nasal spray (0.3%) 

were able to reduce the virus to near or below the detection level. 26 However, the lowest concentration 

of the eye drop (0.09%) and nasal spray (0.05%) did not reduce virucidal activity significantly with 

increased contact time. 26 The authors concluded that dose-dependent and time dependent exposure of 

both PVP-I gel forming formulations have demonstrated virucidal activity. 26 

 
Another in vitro study evaluated the virucidal activity of four PVP-I products against SARS-CoV-2: 

BETADINE® Antiseptic Solution (PVP-I 10% w/v), BETADINE® Antiseptic Skin Cleanser (PVP-I 7.5% w/v), 

BETADINE® Gargle and Mouth Wash (PVP-I 1.0% w/v) and BETADINE® Throat Spray (PVP-I 0.45% w/v).27 

This study found all products achieved >99.99% virucidal activity against SARS-CoV-2 within 30 seconds 

of contact and concluded that these products could be readily integrated into COVID-19 infection 

control measures in hospital and community settings.27 

 
One study evaluated and compared the efficacy and cytotoxicity of four different mouthwashes 

containing 1.5% hydrogen peroxide, 0.2% PVP-I, 0.12% chlorhexidine, and 100 ppm molecular iodide 

against SARS-CoV-2. 64 They found that both povidone-iodine and the molecular iodine formula 

displayed robust antiviral activity compared to the other rinses with no associated cytotoxicity. They 

noted that the antiviral efficacy of povidone-iodine is directly dependent on the concentration of 

molecular iodine present.64 Authors concluded that the preprocedural use of PVP-I could aid in 

controlling cross-infection in closed dental settings.64 
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Another study evaluated the in vitro inactivation of SARS-CoV-2 with hydrogen peroxide (H2O2) and PVP- 

I oral rinses at clinically recommended concentrations and contact times.63 PVP-I was tested at 

concentrations of 0.5%, 1.25%, and 1.5%.63 H2O2 was tested at concentrations of 1.5% and 3%.63 Ethanol 

and water were evaluated in parallel as standard positive and negative controls.63 All samples tested 

were evaluated at contact periods of 15 and 30 seconds.63 They found that after the 15 second and 30 

second contact times, PVP-I oral antiseptic rinse at all 3 concentrations completed inactivated SARS- 

CoV-2.63 The H2O2 solutions at both concentrations showed minimal virucidal activity after 15 and 30 

seconds.63 Authors concluded that preprocedural rinsing with PVP-I concentrations of 0.5% to 1.5% may 

be preferred over hydrogen peroxide during the COVID-19 pandemic.63 

 
Povidone-Iodine In-Vitro Efficacy against other viruses and bacteria 
Several other in vitro studies have been conducted looking at the efficacy of PVP-I against bacteria and 

viruses. One study investigated the bactericidal and virucidal efficacy of PVP-I 7% gargle/mouthwash 

(diluted to 0.23%) against relevant oral and respiratory tract pathogens. It was tested against Klebsiella 

pneumoniae, Streptococcus pneumoniae, SARS-CoV, MERS-CoV, rotavirus strain Wa and influenza virus 

A subtype H1N1.28 Results showed a reduction in viral titers of ≥ 99.99% of SARS-CoV, MERS-CoV, 

influenza virus A (H1N1) and rotavirus after 15 seconds of exposure with PVP-I gargle at 0.23% 

concentration.28 After 30 seconds, SARS-CoV and MERS-CoV were found to be inactivated. The authors 

suggested that PVP-I gargle/mouthwash at a concentration of 0.23% may benefit high risk individuals as 

a measure of protective oropharyngeal hygiene from oral and respiratory pathogens.28 

 
Another in vitro study evaluated the efficacy of three formulations of PVP-I against a reference virus 

(Modified vaccinia virus Ankara, MVA) and MERS-CoV.30 The three antiseptic products 4% PVP-I skin 

cleanser, 7.5% PVP-I surgical scrub and 1% PVP-I gargle/mouthwash formulation reduced viral titers by 

≥99.99% after 15 seconds of treatment under both clean and dirty conditions.30 This effect was observed 

with both undiluted and 1:10 dilutions, with the exception of the 1:10 dilution of the gargle/mouthwash 

which required 30 seconds of exposure.30 Authors concluded that PVP-I based hand wash products for 

potentially contaminated skin and PVP-I gargle/mouthwash for reduction of viral load in the oral cavity 

and the oropharynx may help to support hygiene measures during outbreaks of respiratory viruses.30 

 
Another in vitro study tested the antiviral efficacy of several PVP-I products for the inactivation of SARS- 

CoV, the cause of the SARS outbreak in 2002.23 The products tested were Isodine (PVP-I 1%), Isodine 

Scrub (PVP-I 1%), Isodine Gargle (PVP-I 0.47%), Isodine Palm (PVP-I 0.25%) and Isodine Fresh Nodo Fresh 

(PVP-I 0.23%).23 Treatment of SARS-CoV for 1 minute with Isodine Scrub, Isodine Palm, and Isodine Nodo 

Fresh strongly reduced the virus infectivity to below detectable limits.23 However, virus infectivity 

completely eliminated after 1 minute with Isodine and Isodine Gargle.23 Treatment with all products 

after 2 minute completely inactivated the virus.23 Treatment with 70% ethanol for 1 minute also reduced 

the virus infectivity to below the detectable level.23 Authors concluded that these products, which cover 

a variety of disinfection applications as well as hand-washing, gargling, and spraying the throat have 

virucidal activity against SARS-CoV.23 

 
One study looked at the bactericidal activity of povidone-iodine by challenging different species of 

bacteria to various concentrations of PVP-I solution.29 Five different species were exposed to various 

dilutions of three commercial preparations of 10% PVP-I.29 Both stock and dilute preparations of 10% 



11  

PVP-I solution demonstrated rapid bactericidal action against Klebsiella pneumonia, Pseudomonas 

cepacia, and Streptococcus mitis.29 The authors also found in their experiments that a 1:100 dilution of 

10% povidone-iodine solution killed bacteria at least as quickly as solutions at higher concentrations.29 In 

fact, they found that antibacterial activity was enhanced by dilution of the 10% solution from a 1:2 

dilution up to a 1:100 dilution.29 The thought is that dilution of povidone-iodine is just as effective as 

higher concentrations because the dilution weakens the iodine linkage leading to an increase in the 

amount of elemental free iodine in solution.29 

Povidone-Iodine Clinical Usage in COVID-19 
PVP-I formulations have broad-spectrum antimicrobial activity, have been widely used as an antiseptic 

for several decades, have an established safety profile, and have been shown to be effective in vitro 

against SARS-CoV-2 as well as similar viruses such as SARS-CoV and MERS-CoV. Although few in vivo 

studies have looked at the efficacy of PVP-I against SARS-CoV-2, many institutions have suggested the 

implementation of PVP-I to reduce nosocomial transmission. Several articles have already been 

published describing the use of PVP-I against COVID-19 to help decrease viral load and reduce the risk of 

viral transmission especially during high risk medical procedures. 

Povidone-iodine (PVP-I) has been suggested for nasal and oral application as a perioperative infection 

control strategy to attenuate nosocomial transmission of SARS-CoV-2 given that frontline workers 

exposed to open and endoscopic upper aerodigestive procedures may serve as vectors of transmission.3 

This proposal, written in a letter to the editor of the Journal of Oral Oncology by the Department of 

Otolaryngology at the Johns Hopkins University School of Medicine, aims to incorporate chronic 

rhinosinusitis treatments in addition to appropriate personal protective equipment.3 They propose the 

following formulations for administration: nasal irrigation of 240 mL of 0.4% PVP-I solution (dilution of 

10 mL of commercially available 10% aqueous PVP-I into 240 mL of normal saline with a sinus rinse 

delivery bottle) and oral/oropharyngeal wash of 10 mL of 0.5% aqueous PVP-I solution (1:20 dilution in 

sterile or distilled water).3 Although literature supports the safety of these dosages, and higher 

concentrations of PVP-I may be well-tolerated without mucociliary toxicity, the proponents of this 

regimen recommend lower concentrations out of an abundance of caution.3 Moreover, though nasal 

irrigations may yield increased discomfort compared to atomized sprays, this delivery mode decreases 

the theoretical risk of aerosolizing viral particles.3 The authors of this letter suggested that healthcare 

providers may immediately implement this intervention as a form of personal protective equipment to 

augment current practice recommendations and that it may be applied to additional environments with 

occupational exposures.3 

 
In an article to the American Journal of Otolaryngologists, otorhinolaryngologists describe their specialty 

as one of the most vulnerable to contract the disease since many otorhinolaryngologic procedures are 

aerosol producing and require an ample amount of irrigation.8 The authors of this article extrapolated in 

vitro evidence of the efficacy of povidone iodine and applied it for use as an irrigation fluid in the clinic 

setting to reduce the viral load in oropharyngeal, nasal, middle ear and mastoid cavities.8 They used a 

preparation of 0.5% PVP-I in which 25mL of 10% PVP-I is added to 500mL normal saline to make a 0.5% 

PVP-I irrigation solution.8 Based on a study by Bidra et al,25 these authors suggested that the 0.5% PVP-I 

irrigation solution should be in contact with the tissues for at least 15 seconds.8 Aside from the virucidal 

effect of 0.5% PVP-I solution, they emphasized other benefits: additional bactericidal effect in 

cholesteatoma surgery, fungicidal effect in fungal sinusitis, use as 0.5% soaked gauze pieces for 

mopping, and washing of instruments.8 They also noted that it is easy to prepare, inexpensive, and does 
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not stain the tissues.8 In summary, in order to prevent the intraoperative transmission of SARS-CoV-2, 

the authors propose use of 0.5% PVP-I as irrigation fluid to reduce the probable viral load irrespective of 

the COVID status.8 

 
One institution conducted an extensive literature review of topical preparations with virucidal activity 

against coronavirus.53 Their aim was to find topical preparations that could be used preoperatively to 

reduce SARS-CoV-2 aerosolization in head and neck mucosal surgery.53 They found that PVP-I based 

preparations have successfully demonstrated to reduce viral loads of coronaviruses and are relatively 

safe during upper airway mucosal surgery.53 They proposed the following protocol. (1) Dilute commonly 

available PVP-I (typically 7.5%) 1:3 with saline to achieve a less than 2% concentration (2) Use a bulb 

syringe to instill the solution into the oral/nasal cavity after intubation, but immediately prior to head 

and neck procedures that require instrumentation of the upper airway mucosa. (3) Leave the solution in 

for approximately 1 minute before irrigating with saline and suctioning it out to reduce residual 

absorption and limit tissue staining. The authors noted that the optimal concentration and application 

time, if any, are currently unknown.53 They suggested the protocol be applied to both COVID-19 positive 

adult patients and to patients with unknown status unless they have a contraindication to topical iodine 

(allergy/anaphylaxis, labile thyroid disease, contact dermatitis, pregnancy/nursing, active radioiodine 

therapy).53 Based on the literature review, the authors found that this concentration is over 8 times the 

lowest PVP-I concentration found to be effective in vitro to eliminate related coronaviruses but still 

likely a safe concentration for one-time use based upon past studies described.53 

 
Several other settings have adopted additional measures to prevent the spread of the virus in high risk 

settings. The Centers of Disease Control has established guidance for dental settings during the 

coronavirus disease pandemic, including the use of 0.2% povidone-iodine as a preprocedural mouth 

rinse.36 One article highlights the changes suggested in order to resume elective joint arthroplasty 

procedures during the pandemic, including using dilute povidone-iodine solutions to clean surfaces.37 

Another article recommended an evidence-based approach for optimization of perioperative infection 

control and operating room management during COVID-19 pandemic which included two doses of nasal 

povidone-iodine within one hour of incision.38 

 
Povidone-Iodine SARS-CoV-2 Clinical Studies 
There have been a few clinical studies looking at the use of PVP-I against SARS-Cov-2. The purpose of 

one pilot study was to assess the ability of regular gargling to eliminate SARS-CoV-2 in the throat and 

nasopharynx.39 A total of 20 patients with stage 1 COVID-19 were enrolled into four groups receiving 

oral gargle PVP-I 1.0%, essential oils gargle, tap water gargle and a control group.39 Oropharyngeal and 

nasopharyngeal swabs were taken on days 4, 6, and 12 post-interventions.39 The swabs were subjected 

to detection of SARS-CoV-2 by real-time reverse transcriptase-polymerase chain reaction.39 Unpublished 

results showed that subjects in the PVP-I 1.0% gargle were 100% PCR negative at day 4 post-intervention 

and continued to be negative at day 6 and 12.2 Patients in the essential oils group, tap water group and 

control group demonstrated 80%, 20% and 0% viral clearance, respectively.2 These results suggest that 

PVP-I 1% gargle may be an effective intervention to reduce viral load in the oral cavity. 

 
Another study article proposed a regimen for the usage of intra-nasal and oral application of PVP-I for 

both patients and their attendant healthcare workers (HCWs) during COVID-19 pandemic.21 The first 
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cohort included patients with presumed/confirmed COVID-19 and the healthcare personnel in close 

contact with the patients.21 The second cohort includes all patients having procedures in or around the 

mouth and nose and the healthcare professional carrying out those procedures.21 All patients and HCWs 

received 0.5% PVP-I solution (0.55 mg/mL available iodine) applied to the oral, oropharyngeal and 

nasopharyngeal mucosa.21 The patients in the first cohort used intranasal and oral PVP-I every 6 hours 

while HCWs used it up to four times a day prior to contact with the patient.21 For the second cohort, 

intranasal and oral PVP-I solution was applied to patients prior to undergoing procedures and to HCWs 

prior to contact with the patient.21 The authors acknowledged that the proposed protocol for 

disinfection of the oral and nasal cavities were extrapolated from in vitro findings into the in vivo 

environment.21 There was no specific data extrapolated from these cohorts, but the fact that the 

protocol was established shows that the multitude of in vitro evidence, low risk, minimal cost, and 

global applicability is sufficient to establish a clinical practice of PVP-I to help minimize the spread of this 

virus.21 

 
Another study proposed the use of 0.5% PVP-I gargles and nasal drops as prerequisite for office based 

nose and throat examinations and procedures during COVID-19 pandemic.42 They included all healthcare 

workers and patients attending outpatient department for consultations and for ENT endoscopies for 

one month.42 This included patients with no symptoms of COVID-19 having procedures in or around the 

mouth and nose or procedures that transit those areas.42 They excluded patients with history of allergy 

to PVP-I, all forms of thyroid disease or on radioactive iodine treatment, lithium therapy, known 

pregnancy, renal failure and dermatitis.42 They prepared a 0.5% PVP-I solution from a commercially 

available 10% PVP-I solution.42 Patients were instructed to put 0.5% PVP-I drops in their nose and rinse 

their mouth with gargle prior to examination for 30 seconds.42 For endoscopic procedures of the nose 

and throat, patients were instructed to perform nasal douching and gargling the day prior to the 

procedure and immediately prior.42 All the patients and the health care workers were inquired for any 

irritation or discomfort following nasal douching and gargling.42 A total of 315 patients were evaluated 

and underwent nose and throat endoscopies.42 All except 7 were comfortable with PVP-I gargles and 

nasal drops and no allergies were reported. 17 health care workers also tolerated the 0.5% PVP-I nasal 

drops and gargles with no reported allergies.42 This study did not look at the quantitative reduction in 

viral titers or the time duration for which antiviral activity lasts.42 The authors concluded that application 

of povidone iodine to the nasal and oral mucosa, oropharynx and nasopharynx of patients with COVID 

19 may significantly reduce the viral load in these key anatomical areas.42 

 
One small study of 4 patients looked at the impact of a mouthwash with PVP-I on the salivary viral load 

of SARS-CoV-2.60 Nasopharyngeal swabs were performed on all patients and a baseline saliva sample 

was obtained.60 The patients then performed a rinse with 15mL of PVP-I 1% for one minute. Serial saliva 

samples were then taken at 5 minutes, 1 hour, 2 hours and 3 hours after the rinse.60 They found that 

PVP-I resulted in a significant drop in viral load in two of the patients.60 Although the number of patients 

in this study is small, the authors speculated that PVP-I rinse could reduce the saliva viral load in patients 

with higher viral loads.60 

 

Povidone-Iodine Nasal Spray as a Preventative Control Measure 
COVID-19 transmission dynamics are complex and multifactorial. It may spread by contact, droplet, and 

airborne transmission. Wearing facemasks, physical distancing, and frequent handwashing, are 



14  

evidence-based approaches to reduce transmission of the disease. Despite the implementation of these 

measures, the disease continues to spread and the need for additional measures is essential. Povidone- 

iodine nasal spray is an extra layer of defense when facemasks, physical distancing, or handwashing are 

imperfectly implemented or fail to stop the virus in its tracks. The following sections highlight how 

povidone-iodine nasal spray can be used in addition to these measures. The graphical image below 

highlights how povidone-iodine is an extra layer of protection. 

In Addition to Facemasks 

Since SARS-CoV-2 is transmitted through respiratory droplets, the use of facemasks is highly 

recommended to prevent the spread of the virus. Masks were originally designed to protect from 

infections transmitted through respiratory droplets as well as splashes or sprays of blood or body fluids. 

It is well known that masks reduce the spread of respiratory diseases with studies as early as 1916 

showing that gauze masks reduce the rates of bacterial respiratory infections including diphtheria and 

scarlet fever.76 The widespread use of masks has been employed during the 1918 Spanish influenza 

pandemic, during the 1930s and 1940s as protection from tuberculosis, and even in the most recent 

pandemics of SARS in 2003 and MERS in 2012.77 

 
Masks were originally constructed from gauze or a few layers of cotton but these were replaced by the 

development of more efficient and disposable medical/surgical masks as well as the N95 mask and the 

respirator. Nevertheless, the use of re-usable cloth masks has resurfaced due to the shortage of 

personal protective equipment in the COVID-19 pandemic. Since SARS-CoV-2 may spread prior to 

symptoms, the use of the facemask by the general public has become a regular part of daily attire and 

has given rise to the construction of facemasks in a variety of fabrics and designs. The effectiveness of 

these cloth masks, however, is under debate since the filtration capability is lesser than that of medical 

masks and varies greatly depending on the type of fabric, thread count, water resistance and number of 

layers.77 However, it is thought that they may provide some protection if well designed with proper fit 

around the face and made from multi-layer water-resistant fabric with a higher thread count and finer 

weave.77 

One integrative review looked at 38 articles to identify scientific evidence on the effectiveness of using 

cloth masks.78 Some of the findings include that cloth masks have a low filtering efficiency which 

decreases further after washing and drying, that particle penetration in cloth masks is higher than in 

surgical masks, and that common cloth materials provide marginal protection against particle size 

ranges containing viruses.78 Other findings include that moisture retention, reuse of cloth masks, and 

insufficient filtration may increase the risk of infection. Overall, it was concluded that cloth masks do not 

have the same protective characteristics as surgical masks but could be considered as a last resort.78 If 

so, they should be used in conjunction with other preventative measures such as physical distancing and 

regular hand hygiene.78 Another study compared the efficacy of cloth masks to medical masks in hospital 

healthcare workers, randomizing over 1600 participants to either a cloth mask, a medical mask, or 

control group.79 They found that the rates of infection were highest in the cloth mask group possibly due 

to moisture retention, reuse, and poor filtration and should not be used by healthcare workers 

particularly in high risk situations.79 

Due to the high demand for facemasks, the CDC has recommended strategies for optimizing the use of 

facemasks when supplies are low.80 These strategies include wearing the same facemask for the care of 

multiple patients, extending the recommended use of facemasks, and using cloth masks if surgical 
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masks or respirators are not available.80 However, it is thought that airborne respiratory pathogens may 

settle on the surface of used mask layers and may become a source of infection.81 One study looked at 

the presence of viruses on the surface of medical masks.81 Commonly isolated viruses included 

adenovirus, respiratory syncytial virus, and influenza virus.81 They found that the risk of a contaminated 

mask was higher with longer duration of use (>6h) and with more frequent patient encounters.81 

Although disposal medical masks seem to be more effective than cloth masks, they may not be 

completely protective against SARS-CoV-2 even when used properly. Medical masks protect against 

droplets produced from humans (breathing, talking, sneezing, coughing, etc). These droplets refer to 

particles >5 μm that fall rapidly to the ground and travel only a limited distance.82 It is likely, however, 

that the actual size distribution varies greatly and the distance travelled depends on many factors such 

as exhaled air velocity and environmental conditions.82 For example, published data have suggested that 

sneezing may produce up to 40,000 droplets between 0.5 – 12 μm in diameter that may be expelled up 

to 100 m/s.82 There is debate surrounding the evidence for how far droplets travel. Although current 

recommendations suggest that 6 feet is safe, other studies show that particles can travel up to 26 feet.83 

One study documented SARS-CoV-2 at a distance of 13 feet from a patient and remaining viable in the 

air 3 hours after aerosolization.83 While large droplets comprise most of the total volume of expelled 

respiratory droplets, medical/surgical masks do not effectively filter smaller particles from the air.83 N95 

masks or respirators would be required to filter out the smaller size particles that may contain the 

virus.83 

In summary, universal public masking during the COVID-19 pandemic is one of the most effective 

measures since masks reduce community spread of the virus and may potentially reduce the viral 

inoculum to which the mask-wearer is exposed. However, shortages of personal protective equipment 

have led to improper use of masks such as extending the duration of disposal masks risking potential 

contamination of the mask. Pathogens present on the outer surface of the medical/surgical masks may 

result in self-contamination during removal.84 Additionally, widespread use of the cloth mask has 

become fashionable despite the fact that cloth masks have even less filtration capacity (especially after 

several washings) and may also become a source of contamination when donning and doffing. 

Facemasks may give the user a false sense of security inducing the individual to devalue or forget about 

the other preventative measures such as physical distancing and hand washing. Given these issues, the 

addition of povidone-iodine nasal spray as a layer of protection is warranted. Reducing the viral 

inoculum present with povidone-iodine in the nasal passage would be an additive benefit to masks 

especially when masks are used improperly and the proper protective equipment is not available due to 

shortages. 

Physical Distancing 
 

Physical distancing, quarantining, and isolation are some of the most effective preventative strategies as 

recommended by epidemiologists and public health experts. However, despite the national lockdowns 

and physical distancing requirements, COVID-19 continues to spread. In particular, physical distancing 

and isolation within the home is not always possible; it is speculated that household transmission 

contributes to the spread of SARS-CoV-2 but to what extent is unknown. One systematic review aimed 

to investigate the characteristics of household transmission.85 Among the 13 studies reviewed, it was 

found that the household transmission varied widely from 4.6% up to 49.56% and was affected by 

factors such as population of the country and geographic location. Spouses and the elderly were the 
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most vulnerable for secondary transmission than other household members. Another study looking at 

transmission factors of COVID-19 found that household contacts are at greater risk of being infected 

compared to other contacts such as healthcare workers and workplace contacts.86 

Household contacts of COVID-19 cases are a vulnerable population and more attention needs to be 

placed on preventing the spread of the disease within the home. Keeping povidone-iodine nasal spray 

within the home would be an additive measure to help diminish or eliminate the spread of SARS-CoV-2 

among families. In fact, one study suggests that high nasopharyngeal viral loads around symptom onset 

may contribute to secondary transmission to COVID-19.87 If a family member uses povidone-iodine nasal 

spray at the onset of symptoms to decrease the nasopharyngeal viral load, it may reduce to risk of 

transmitting the disease to family members. It is also important to note that the temporal patterns of 

viral shedding is still being studied. One study shows that infectivity starts from 2.3 days before 

symptom onset, peaks at 0.7 days before symptom onset, and declined quickly within 7 days.88 Since 

persons may be infectious prior to symptom onset, use of povidone-iodine nasal spray within the home 

on a regular basis may be beneficial especially in multi-generational households, households where 

healthcare workers reside, or in other individuals where interaction with the general public is 

unavoidable. It is also unknown exactly how long a person is infectious, with one study detecting virus in 

respiratory samples of patients with severe disease up to 21 days and patients with mild disease up to 

14 days.74 Therefore, use of povidone-iodine nasal spray for up to 3 weeks after course of the disease 

may also help reduce transmission within the home. 

Hand Hygiene: 
 

The prevention of person to person transmission can be reduced by frequent handwashing with soap 

and water or alcohol based hand sanitizer. The CDC recommends using alcohol based hand rub with 60- 

95% alcohol which is preferred over soap and water unless the hands are visibly soiled. Effective 

technique is crucial with hand hygiene; if an area is missed or it is rushed, the virus may remain viable. 

However, frequent hand hygiene can lead to breakdown of the protective outer surface of the skin 

which can be a portal of entry of the virus as well. Given the number of times that the hands 

inadvertently touch the face, mouth, nose, and eyes, the importance of the hands in spreading the 

disease is critical. Use of povidone-iodine nasal spray could be very effective in the hand-to-nose-to- 

mouth cycle of contamination. Reducing the viral load in the nasal passage could reduce the chance of it 

getting on the hands and further contamination on other surfaces. It is also important to note that virus 

is detected not only in the nose and throat, but also in saliva, rectal, urine, and blood samples.73,75 One 

study, evaluating the viral loads of respiratory, stool, serum, and urine samples at different stages of 

disease progression found that it is detected in stool samples far longer than it is detected in respiratory 

and serum samples.74 These studies highlight that the virus may be spread by other routes (such as the 

fecal-oral route) and the importance of hand hygiene and awareness of touch in everyday life. 
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Graphical Image of Povidone-Iodine Oral/Nasal Spray as Extra Layer of Defense 

 

 
Dosage and Frequency 
PVP-I is used worldwide in a variety of applications as an antiseptic. It is important to note the difference 

between an antiseptic and a disinfectant; an antiseptic is a substance that inhibits the growth and 

development of micro-organisms in living tissues such as the cleansing of preoperative skin, the 

cleansing of acute and chronic wounds and also in the treatment of superficial skin infections.43 

Disinfectants, on the other hand are substances designed to destroy pathogens in the environment such 

as work surfaces or operating materials.43 An antiseptic can be used as a disinfectant, but not vice versa. 

The most common antiseptics are povidone-iodine, chlorhexidine, octenidine, and polyhexanide.43 Since 

povidone-iodine is an antiseptic, it can be used to treat the human body, but it can also be used to 

decontaminate inanimate objects. 

 
PVP-I is available commercially in a variety of dosages and formulations. It is available as a nasal spray, 

gargle/mouthwash and skin cleanser application to patients and healthcare workers, and also as 

disinfectant solution for intubation instruments, endoscopy and bronchoscopy equipment.2 It is 

routinely used in ophthalmology and general surgery. It is available as a handwashing agent (PVP-I 7.5% 

solution containing foaming agents) and as a pre-procedural skin antiseptic (PVP-I 10% solution).40 The 

PVP-I 10% solution is also licensed for multiple applications to the skin and single application to mucous 

membranes.21 It is used in ophthalmic surgery at concentrations of 5%41 and in oral surgery at 10%. It is 

important to note that some scrubs, solutions, swab sticks and other products available in the 5-10% 

range for use in surgical procedures should be avoided in the nose and mouth because they contain 

additional salts, sudsing agents, and co-solvents.52 These products are specifically labeled for external 

use and carry warnings against exposure to eyes, ears, and mucosal surfaces.52 Nevertheless, there are 

PVP-I preparations suitable for sinonasal or oral application during pre-surgical antisepsis at 

concentrations of 5-10%.52 Products intended for routine use in the nose and mouth are available at 
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lower concentrations. For example, one commercial product called BETADINE® Gargle & Mouthwash 

manufactured at Mundipharma Pharmaceuticals in Singapore is a 1% w/v mouthwash for use every 2–4 

hours. Another product called BETADINE® Sore Throat Spray is a 0.45% w/v sore throat spray for use 

every 3–4 hours. 

 
The effective dosages of these products have been studied in vitro at a variety of concentrations against a 

variety of species. Paradoxically, studies have shown that the antibacterial activity of full-strength 10% 

PVP-I increases with dilution.29 Between 10% and 1%, there is an exponential increase in efficacy which 

plateaus between 1.0% and 0.1% before decreasing again from 0.1% to 0.001%.29 The thought is that 

dilution of povidone-iodine is just as effective as higher concentrations because the dilution weakens 

the iodine linkage leading to an increase in the amount of elemental free iodine in solution.29 This effect 

was shown in a study looking at the effectiveness of PVP-I on five different species of bacteria, but has 

not been studied with viruses. 

 
The effective concentration of these products against SARS-CoV-2 in the presence of mucus and saliva is 

unknown. When administered intranasally, PVP-I would be diluted by the aqueous component of nasal 

secretions and the effective concentration would be lowered by biological debris such as mucin products, 

physiologic buffers, remnants of degenerating cells, lipids and more.31 It would be reasonable to use a higher 

concentration of PVP-I in a nasal product anticipating this dilution at the application site. Most in vitro studies 

looking at PVP-I efficacy against SARS-CoV-2 have looked at concentrations ranging from 0.5% to 2.5%. Thus, 

the concentration of a PVP-I nasal product should take into account dilution at the application site, but still fall 

within the range of effective concentrations found in in vitro studies. 

 
The duration of effect of PVP-I on SARS-CoV-2 in the nasal passage is unknown. One study looked at the 

duration of effect of 1% PVP-I oral gargle.59 Patients were asked to gargle 20 milliliters for about 30 seconds. 

Cheek mucosa was swabbed at two hours and again at four hours and then cultured. Results showed that PVP-I 

1% gargle reduced surviving microorganisms up to four hours.59 Although this same effect has not been proven 

in the nasal passage, it is reasonable to consider using PVP-I nasal formulations every 4 hours.31 

 
Povidone-Iodine Safety and Toxicity 
The utility and excellent safety profile of both topical nasal and oral solutions of PVP-I has long been 

recognized.3 There have been numerous clinical studies demonstrating the safety of PVP-I in a variety of 

topical applications in ophthalmology, otology, rhinology and dermatology26, 45-48. PVP-I in nasal usage 

was also well documented, including both single use and multiple applications.26, 49-50 Povidone-iodine 

may be toxic to the cilia of the nose, may cause allergic reactions or skin irritation, or cause thyroid 

problems but these effects are typically found when high concentrations are used. From the package 

inserts of commercially available PVP-I products, they are contraindicated for use in patients with 

hypersensitivity to iodine or product excipients, in patients with thyroid disorders, in patients taking 

lithium, in pregnant patients, in patients receiving radioactive iodine therapy, and in children under the 

age of 6 years. Special caution is needed for regular applications to broken skin in patients with pre- 

existing renal insufficiency and during pregnancy and lactation. Thyroid function tests may be affected 

using products containing iodide. The various uses as well as concerns of the use of povidone-iodine will 

be outlined in this section. 
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Allergic Reactions: 
 

All antiseptics have irritant properties especially when misused, but povidone iodine has a low 

allergenicity, or the ability to cause an allergic reaction.43 In fact, it is demonstrated that skin exposure to 

PVP-I causes irritation rather than allergic contact dermatitis.43 Allergic contact dermatitis is usually 

diagnosed with a patch test to differentiate it from skin irritation. In one study, 500 consecutive patients 

were patch tested with a 10% povidone-iodine (PVP-I) solution, diluted 10 times in water. Readings were 

made at 2 and 4 days. 14 of the 500 (2.8%) showed a positive test to PVP-I. The 14 positive patients 

were subjected to a repeated open application test with a PVP-I solution and only 2 of the 14 were 

recorded as positive. It was concluded that only 2 of the 500 patients had true allergic contact dermatitis 

from PVP-I (0.4%). This study emphasizes the need for more complete investigation, when testing with 

some allergens, when they share both irritant and allergenic properties, such as PVP-I.44 In any case, it 

has been advocated not to use PVP-I on damaged skin.43 

 
Effect on Ciliary Beat Frequency: 

 

One concern of the use of PVP-I solutions in the nasal passage is its effect on ciliary beat frequency 

(CBF), which is a key parameter in the defense of airways and the rate of mucus clearance. 51 PVP-I has 

been reported as a potential ciliotoxic agent that could decrease and eventually stop the ciliary beat 

after a certain period of exposure. 51 One study evaluated the effect of topical Betadine solution on the 

ciliary beat of an established upper respiratory epithelial cell model. 51 This model mimics in vivo 

conditions. They applied undiluted 5% and 10% Betadine solutions to epithelial cells from human 

mucosa as well as balanced salt solution as a neutral control and ATP solution as a positive control. 51 

They found that undiluted 10% Betadine solution decreased the proportion of actively beating cilia over 

1 minute (p<0.01) with a similar result with the 5% Betadine solution. 51 They concluded that Betadine at 

either 5% or 10% was ciliotoxic and caution should be applied to the use of topical Betadine solution on 

the respiratory mucosal surface.51 

 
Other studies show that solutions of PVP-I are known to have concentration-dependent effects on ciliary 

beat frequency (CBF) when studied in model in vitro systems.31 These models show that PVP-I solutions 

up to 1.25% did not demonstrate inhibitory effects on CBF and would be well tolerated by the nasal 

epithelium for short-term use.31 Therefore, for nasal formulations of PVP-I, concentrations should be 

below the threshold of in vitro CBF impairment but above the minimum effective concentration of in 

vitro activity against SARS-CoV-2. 

 
Another study investigated the effect of 0.5% povidone-iodine on the sinonasal epithelial barrier and 

ciliated human nasal cells in vitro.54 They found that 5% and 2.5% PVP-I solutions tested in vitro 

completely inhibited activity of the cilia, whereas there was no inhibitory effect at 1.25%.52 They 

concluded that nasal PVP-I appears highly concentration dependent with a clear distinction in toxicity 

that occurs at 2.5% in vitro, and that a 0.5% PVP-I nasal solution did not demonstrate any damage to 

ciliated human nasal epithelial cells. 
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Safety Studies of Sinonasal Use of PVP-I 
 

The repeated administration of PVP-I to the sinonasal mucosa has been described as a safe and effective 

treatment for chronic sinus disease.52 One phase 1 study assessed the tolerability and local effect of a 

liposomal dispersion with povidone-iodine as a nasal spray.35 Three groups received liposomal 

dispersion with PVP-I (2.2%, 4.4% and 0% as a control group) in single and repeated use (3 days, three 

times a day).35 A set of function and cytological tests and safety assessments were performed.35 No 

safety-relevant finding or serious adverse events were reported and no evidence for cyto- nor 

genotoxicity was obtained.35 No clinically relevant changes in mucosa appearance, nor in olfactory sense 

based on 11 odors, nor in ciliary activity occurred and no complaints about nasal airflow obstruction 

were observed at 10 time points over 80 days.35 Authors concluded that application of liposomal PVP-I 

spray to the nasal mucosa does not result in any demonstrable limitation of the nasal function nor in 

detectable damage to the multilayer ciliated epithelium of the nose.35 

 
Another prospective cohort study looked at the effectiveness and safety of dilute PVP-I sinonasal rinses 

as adjunctive therapy.33 Twenty nine patients with recalcitrant chronic rhinosinusitis with endoscopic 

evidence of ongoing inflammation and purulent discharge were prescribed 0.08% diluted PVP-I rinses.33 

Changes to endoscopic modified Lund–Kennedy (MLK) scores at 7 weeks post-PVP-I rinsing served as the 

primary outcome measure. Patients showed clinical improvement and decreased bacterial growth.33 TSH 

levels and mucociliary clearance time increased non-significantly within normal ranges.33 Olfaction, 

utilizing the Sniffin’ 16 smell identification test was not significantly changed after 7 weeks.33 They 

concluded that a dilute 0.08% PVP-I sinonasal rinse as an ancillary therapy in recalcitrant CRS 

significantly reduces signs of infection alongside notable symptom improvement, without affecting 

thyroid function, mucociliary clearance or olfaction.33 

 
Another study was a retrospective chart review of patients with recalcitrant chronic rhinosinusitis 

previously prescribed 0.08% adjunctive PVP-I sinonasal rinses in which they evaluated endoscopic signs 

of inflammation using modified Lund-Kennedy (MLK) endoscopic scores and the 22-item Sino-Nasal 

Outcome Test (SNOT-22).34 They also performed a prospective cohort study over 7 weeks to evaluate 

safety outcomes.34 They found that ancillary 0.08% PVP-I sino-nasal rinses appear to reduce the 

endoscopic signs of inflammation and patient-reported symptomatology, while minimally affecting 

thyroid and mucociliary function.34 Thyroid dysfunction or ciliotoxicity is not evident by the rinses at this 

concentration.34 

 
Povidone-Iodine Effect on Thyroid Function 

 

One of the major concerns of the use of PVP-I is its effect on iodine levels in the body because elevated 
levels are associated with autoimmune thyroiditis, goiter, and hypothyroidism. The recommended daily 
intake of iodine by the WHO is 0.15 mg.55 The majority of iodine is cleared by the kidneys in urine, 35% is 
excreted in sweat, and a negligible amount is excreted fecally.52 When healthy patients were given more 
than 100 times the recommended intake of iodine daily for 38 days, there were no deleterious effects.52 
The renal iodine clearance has been shown to be stable and not saturatable.52 

 
One prospective study investigated long term therapy with two iodine-containing mouth rinses on 
thyroid function.56 Two groups of subjects were treated daily for 6 months with either a 5% PVP-I and 
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1.5% hydrogen peroxide mixture or a 5% PVPI-water mixture.56 Thyroid function studies, serum iodine 
concentrations, and urinary iodine excretion were measured before treatment, at 6-week intervals 
during the 6-month treatment period, and 3 weeks after the last treatment.56 There was evidence of 
significant iodine absorption (elevated serum total iodine and inorganic iodide concentrations and 
urinary iodine excretion) from daily use of both treatments. Serum T3 and T4 concentrations and the free 
T4 index did not change.56 There was a small significant rise in serum TSH concentrations during mouth 
rinse therapy, but all values remained within the normal range.56 This small increase in serum TSH is a 
normal adaptive response to the anti-thyroid effect of increased iodine intake and accounts for the 
maintenance of normal serum T4 and T3 concentrations.56 While daily use of these iodine-containing 
mouth rinses does result in significant iodine absorption, there is no evidence for the development of 
thyroid dysfunction during a 6-month course of therapy.56 

 
Another study looked at healthy patients in areas of Japan with high iodine intake from kelp.58 Patients 
had urinary iodide excretion of 1.5mg/d in these areas, but there were no increases in thyroglobulin 
antibodies or thyroid peroxidase antibodies, and no reported negative health effects.58 This study is 
looking at individuals that are directly consuming iodine. Administration with an intranasal product is 
unlikely to result in any iodine absorption. At concentrations of 1.25% applied to the nose, iodine 
absorption is negligible and would be much less than the average total daily iodine intake of 0.15mg for 
a healthy adult.31 

 
Although iodine-induced hypothyroidism that develops in patients who gargle routinely with povidone- 
iodine is well known, it usually resolves spontaneously with cessation of gargling. There are a few case 
reports of patients who developed overt hypothyroidism due to habitual gargling with povidone-iodine 
for a prolonged period of time.60 In both patients, the hypothyroidism resolved when they stopped using 
the product. Additionally, the authors concluded that the patients’ thyroid gland was sensitive to iodine 
and that povidone iodine should be avoided in patients with thyroid disease especially prolonged use of 
the product. 

 
Review of Safety for Over-The-Counter use of PVP-I 

 

Povidone-iodine was considered in the final monograph for oral antiseptic drug products for over-the- 
counter use. During the proposed rule-making, comments on the safety of povidone-iodine was 
reviewed. The Food and Drug Administration (FDA) evaluated the data submitted in support of the 
safety of povidone-iodine and concluded that povidone-iodine should be classified in Category I for 
safety as an OTC antiseptic ingredient for short term (i.e., no more than 7 days) topical use on the 
mucous membrane of the nose and throat.57 Category I classification means that the product is generally 
recognized as safe and effective for the claimed therapeutic indication. Although there was insufficient 
data to establish its safety for long term daily use, it was concluded that it may be safe for occasional 
application. They reviewed data from published and unpublished studies to show that povidone-iodine 
does not alter thyroid function concluding that 0.5 – 5% povidone-iodine is safe for OTC use as a topical 
first aid antiseptic.57 

 
 

Formulation/Stability 
The stability of povidone-iodine is dependent on pH, temperature, exposure to light, packaging material, 
atmospheric pressure, copolymer content, and a myriad of other factors.31It is recommended to use a 
commercially available product at the dosage that is desired rather than diluting higher concentrations 
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because PVP-I can become chemically unstable when simply diluted with water, saline, or other 
solvents.31 PVP-I stability at low concentrations requires an acidic environment. Alkaline or neutral 
conditions rapidly destabilize the iodine content in dilute solutions.62 

Discussion 
Povidone-iodine (PVP-I) is virucidal in vitro against SARS-COV-2 at concentrations as low as 0.5% for as 
little as 15 seconds of contact. Viral loads of SARS-CoV-2 are highest in the upper airway, especially the 
nasal passage, suggesting that the nose and mouth are key areas to “wash away COVID-19” before it 
leads to illness or is shed mercilessly into the environment. Thus, regular disinfection of the oral and 
nasal cavities, the portal of entry for the virus, should be considered a highly important habit to prevent 
spread the virus as an adjunct to washing hands, wearing masks, and other measures of personal 
protection. 

 
The in vitro virucidal evidence combined with PVP-I’s established safety profile and use as an antiseptic 
for several decades has led to the establishment of protocols to reduce viral loads of SARS-CoV-2. These 
protocols, already in place in several institutions, establish the use of povidone-iodine formulations to 
reduce the risk of transmission to healthcare workers providing routine care as well as during high risk 
procedures. We propose urgent consideration be given to the application of PVP-I to patients and 
healthcare workers. This includes patients with no symptoms of COVID-19 undergoing procedures in or 
around the mouth and nose as well as healthcare professionals in any setting. 

 
The exact duration of virucidal action of PVP-I once applied to the mucosa is currently unknown, as is the 
length of time for the viral load to recover to pre-treatment levels, or if it does at all. The high levels of 
SARS-CoV-2 in both the nose and oral cavity strongly suggest that productive replication is occurring in 
both sites, suggesting the need for repeat applications of PVP-I. Based on clearance rates of mucins in 
the nasal passage, we suggest a 20-minute window of lowered viral load noting that the time taken for 
viral particles to infect host cells and replicate is still unknown. Ongoing research is investigating PVP-I 
virucidal activity and duration in human oral and nasal cavities as well as mitigation of viral transmission. 

 
The application of the nasal spray requires insertion into the anterior nares followed by one inhalation 

with concurrent occlusion of the contralateral nostril and closed mouth to avoid bio aerosols from the 

mouth or nose. The total dose of iodine absorbed by this regimen is not known. The recommended daily 

intake of iodine by the WHO is 0.15 mg, but studies have shown that healthy individuals ingesting far 

greater than the recommended daily intake show no signs of toxicity. Any rise in thyroid stimulating 

hormone is a normal adaptive response and accounts for the maintenance of normal serum thyroxine 

(T4 and T3) concentrations. Additionally, the clearance of iodine by the kidneys is not saturable meaning 

that the kidneys can respond to increased iodine levels. We believe that as long as the exclusion criteria 

are followed (hypersensitivity to iodine, thyroid disorders, lithium therapy, pregnancy, radioactive 

iodine therapy, and children under the age of 6 years) there should be no deleterious effect due to 

increased iodine intake. In deciding the dosing regimen, we balanced the risk of iodine toxicity versus the 

protective effect of PVP-I. Overall, the administration is inexpensive, simple and rapid. In addition, since 

povidone-iodine is highly virucidal to the virus within seconds, any mess caused by usage of the spray 

(spillage from the nasal cavity) would not contaminate surfaces. 

 
This intervention does not have curative intent for the disease, but may provide major steps to 

dramatically reduce viral spread within healthcare settings. In low and middle-income countries, the 
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number of healthcare workers per capita is considerably lower and conventional personal protective 

equipment is in very short supply. Every possible step should be taken to keep healthcare workers from 

being infected and to reduce the spread of the disease. It is especially important in clinical scenarios 

where there is prolonged close proximity of the upper aerodigestive tracts such as aerosol generating 

procedures, general dental practices and ENT clinics. Enhanced efforts to reduce the spread of the 

disease will translate to reduced mortality from COVID-19. 

 
Conclusion 
There is considerable evidence of the virucidal efficacy of PVP-I against SARS-CoV-2. As an adjunct to 

currently recommended infection prevention and control measures to stop the spread of COVID-19, we 

recommend the consideration of immediate use of PVP-I in healthcare workers and patients to minimize 

viral load and minimize the risk of spread of the disease. We also recommend use in the general 

population where social distancing or isolation is not practical or where breaches in social distancing is 

common, e.g. food service workers, teachers, police and firefighters. We acknowledge that our proposal 

presented extrapolates in vitro finding into current practice. The assumption is made that under normal 

circumstances we would confirm with in vivo data prior to recommendations for use. However, given the 

strength of in vitro evidence and the low risk, minimal cost and global applicability of the proposed 

intervention, we feel that there is little to lose and potentially much to gain with disinfecting the oral and 

nasal cavities – the main portal of entry of the virus. 

 

References 
(1-88) 

1. Kurakula M, Rao GK. Type of Article: REVIEW Pharmaceutical Assessment of 
Polyvinylpyrrolidone (PVP): As Excipient from Conventional to Controlled Delivery Systems with a 
Spotlight on COVID-19 Inhibition. Journal of drug delivery science and technology. 2020:102046. 
2. Povidone-Iodine for Disinfection of SARS-CoV-2. Malaysian Health Technology Assessment 
Section (MaHTAS): Ministry of Health, Malaysia; 2020. 
3. Mady LJ, Kubik MW, Baddour K, Snyderman CH, Rowan NR. Consideration of povidone-iodine as 
a public health intervention for COVID-19: Utilization as “Personal Protective Equipment” for frontline 
providers exposed in high-risk head and neck and skull base oncology care. Oral Oncology. 
2020;105:104724. 
4. Cegolon L, Javanbakht M, Mastrangelo G. Nasal disinfection for the prevention and control of 
COVID-19: A scoping review on potential chemo-preventive agents. International Journal of Hygiene and 
Environmental Health. 2020;230:113605. 
5. Sungnak W, Huang N, Bécavin C, Berg M, Queen R, Litvinukova M, et al. SARS-CoV-2 entry 
factors are highly expressed in nasal epithelial cells together with innate immune genes. Nature 
medicine. 2020;26(5):681-7. 
6. Wu C, Zheng M. Single-cell RNA expression profiling shows that ACE2, the putative receptor of 
COVID-2019, has significant expression in nasal and mouth tissue, and is co-expressed with TMPRSS2 
and not co-expressed with SLC6A19 in the tissues. 2020. 
7. Van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, et al. 
Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1. New England Journal of 
Medicine. 2020;382(16):1564-7. 



24  

8. Khan MM, Parab SR. 0.5% povidone iodine irrigation in otorhinolaryngology surgical practice 
during COVID 19 pandemic. American journal of otolaryngology. 2020. 
9. [Available from: https://www.worldometers.info/coronavirus/coronavirus-death-toll/. 
10. Heymann DL, Shindo N. COVID-19: what is next for public health? The Lancet. 
2020;395(10224):542-5. 
11. Day M. Covid-19: four fifths of cases are asymptomatic, China figures indicate. British Medical 
Journal Publishing Group; 2020. 
12. Gandhi M, Yokoe DS, Havlir DV. Asymptomatic transmission, the Achilles’ heel of current 
strategies to control COVID-19. Mass Medical Soc; 2020. 
13. Organization WH. Clinical management of COVID-19: interim guidance, 27 May 2020. World 
Health Organization; 2020. 
14. Zou L, Ruan F, 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;382(12):1177-9. 
15. Mask use in the context of COVID-19: Interim guidance 1 December 2020. World Health 
Organization. 
16. Wang J, Zhou M, Liu F. Reasons for healthcare workers becoming infected with novel 
coronavirus disease 2019 (COVID-19) in China. J Hosp infect. 2020;105(1). 
17. Jing G, Li J. Expert consensus on preventing nosocomial transmission during respiratory care for 
critically ill patients infected by 2019 novel coronavirus pneumonia. Zhonghua jie he he hu xi za zhi. 
2020;17:E020. 
18. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138 hospitalized 
patients with 2019 novel coronavirus–infected pneumonia in Wuhan, China. Jama. 2020;323(11):1061-9. 
19. Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. Angiotensin-converting enzyme 2 
is a functional receptor for the SARS coronavirus. Nature. 2003;426(6965):450-4. 
20. To KK-W, Tsang OT-Y, Yip CC-Y, Chan K-H, Wu T-C, Chan JM-C, et al. Consistent detection of 2019 
novel coronavirus in saliva. Clinical Infectious Diseases. 2020. 
21. Kirk-Bayley J, Challacombe S, Sunkaraneni S, Combes J. The Use of Povidone Iodine Nasal Spray 
and Mouthwash During the Current COVID-19 Pandemic May Protect Healthcare Workers and Reduce 
Cross Infection. Available at SSRN 3563092. 2020. 
22. Kawana R, Kitamura T, Nakagomi O, Matsumoto I, Arita M, Yoshihara N, et al. Inactivation of 
human viruses by povidone-iodine in comparison with other antiseptics. Dermatology. 1997;195(Suppl. 
2):29-35. 
23. 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. 
24. Eggers M. Infectious disease management and control with povidone iodine. Infectious diseases 
and therapy. 2019:1-13. 
25. Bidra AS, Pelletier JS, Westover JB, Frank S, Brown SM, Tessema B. Rapid In-Vitro Inactivation of 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Using Povidone-Iodine Oral Antiseptic 
Rinse. Journal of Prosthodontics. 2020. 
26. Liang B, Yuan X, Wei G, Wang W, Zhang M, Peng H, et al. In-Vivo Toxicity Studies and In-Vitro 
Inactivation of SARS-CoV-2 by Povidone-iodine In-situ Gel Forming Formulations. bioRxiv. 2020. 
27. Anderson DE, Sivalingam V, Kang AEZ, Ananthanarayanan A, Arumugam H, Jenkins TM, et al. 
Povidone-iodine demonstrates rapid in-vitro virucidal activity against SARS-CoV-2, the virus causing 
COVID-19 disease. 2020. 
28. 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;7(2):249-59. 

https://www.worldometers.info/coronavirus/coronavirus-death-toll/


25  

29. Berkelman RL, Holland B, Anderson R. Increased bactericidal activity of dilute preparations of 
povidone-iodine solutions. Journal of clinical microbiology. 1982;15(4):635-9. 
30. 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;4(4):491-501. 
31. Frank S, Brown SM, Capriotti JA, Westover JB, Pelletier JS, Tessema B. In Vitro Efficacy of a 
Povidone-Iodine Nasal Antiseptic for Rapid Inactivation of SARS-CoV-2. JAMA Otolaryngology–Head & 
Neck Surgery. 2020;146(11):1054-8. 
32. Hou YJ, Okuda K, Edwards CE, Martinez DR, Asakura T, Dinnon III KH, et al. SARS-CoV-2 Reverse 
Genetics Reveals a Variable Infection Gradient in the Respiratory Tract. Cell. 2020. 
33. Panchmatia R, Payandeh J, Al-Salman R, Kakande E, Habib A-R, Mullings W, et al. The efficacy of 
diluted topical povidone-iodine rinses in the management of recalcitrant chronic rhinosinusitis: a 
prospective cohort study. European Archives of Oto-Rhino-Laryngology. 2019;276(12):3373-81. 
34. Mullings W, Panchmatia R, Samoy K, Habib A, Thamboo A, Al-Salman R, et al. Topical povidone- 
iodine as an adjunctive treatment for recalcitrant chronic rhinosinusitis. Eur J Rhinol Allergy. 
2019;2(2):45-50. 
35. Gluck U, Martin U, Bosse B, Reimer K, Mueller S. A clinical study on the tolerability of a liposomal 
povidone-iodine nasal spray: implications for further development. ORL. 2007;69(2):92-9. 
36. Control CfD, Prevention. Guidance for dental settings: interim infection prevention and control 
guidance for dental settings during the coronavirus disease 2019 (COVID-19) pandemic. 2020. 
37. Chisari E, Krueger CA, Barnes CL, Van Onsem S, Walter WL, Parvizi J. Prevention of Infection and 
Disruption of the Pathogen Transfer Chain in Elective Surgery. The Journal of Arthroplasty. 2020. 
38. Dexter F, Parra MC, Brown JR, Loftus RW. Perioperative COVID-19 defense: an evidence-based 
approach for optimization of infection control and operating room management. Anesthesia and 
Analgesia. 2020. 
39. Mohamed NA, Baharom N, Sulaiman WSW, Rashid ZZ, WONG KK, Ali UK, et al. EARLY VIRAL 
CLEARANCE AMONG COVID-19 PATIENTS WHEN GARGLING WITH POVIDONE-IODINE AND ESSENTIAL 
OILS: A PILOT CLINICAL TRIAL. medRxiv. 2020. 
40. Urias DS, Varghese M, Simunich T, Morrissey S, Dumire R. Preoperative decolonization to reduce 
infections in urgent lower extremity repairs. European Journal of Trauma and Emergency Surgery. 
2018;44(5):787-93. 
41. Silas MR, Schroeder RM, Thomson RB, Myers WG. Optimizing the antisepsis protocol: 
Effectiveness of 3 povidone–iodine 1.0% applications versus a single application of povidone–iodine 
5.0%. Journal of Cataract & Refractive Surgery. 2017;43(3):400-4. 
42. Khan MM, Parab SR, Paranjape M. Repurposing 0.5% povidone iodine solution in 
otorhinolaryngology practice in Covid 19 pandemic. American journal of otolaryngology. 
2020;41(5):102618. 
43. Lachapelle J-M. A comparison of the irritant and allergenic properties of antiseptics. European 
Journal of Dermatology. 2014;24(1):3-9. 
44. Lachapelle JM. Allergic contact dermatitis from povidone-iodine: a re-evaluation study. Contact 
Dermatitis. 2005;52(1):9-10. 
45. Liang B, Tessema B, Capriotti JA, Samson MC, Song W. Pharmaceutical Compositions comprising 
iodine and steroid and uses thereof for sinus diseases. Google Patents; 2014. 
46. Jaya C, Job A, Mathai E, Antonisamy B. Evaluation of topical povidone-iodine in chronic 
suppurative otitis media. Archives of Otolaryngology–Head & Neck Surgery. 2003;129(10):1098-100. 
47. Rowlands S, Devalia H, Smith C, Hubbard R, Dean A. Otitis externa in UK general practice: a 
survey using the UK General Practice Research Database. British Journal of General Practice. 
2001;51(468):533-8. 



26  

48. Perez R, Freeman S, Sohmer H, Sichel JY. Vestibular and cochlear ototoxicity of topical 
antiseptics assessed by evoked potentials. The Laryngoscope. 2000;110(9):1522-7. 
49. Rezapoor M, Nicholson T, Tabatabaee RM, Chen AF, Maltenfort MG, Parvizi J. Povidone-Iodine– 
Based Solutions for Decolonization of Nasal Staphylococcus aureus: A Randomized, Prospective, 
Placebo-Controlled Study. The Journal of Arthroplasty. 2017;32(9):2815-9. 
50. Anderson MJ, David ML, Scholz M, Bull SJ, Morse D, Hulse-Stevens M, et al. Efficacy of skin and 
nasal povidone-iodine preparation against mupirocin-resistant methicillin-resistant Staphylococcus 
aureus and S. aureus within the anterior nares. Antimicrobial agents and chemotherapy. 
2015;59(5):2765-73. 
51. Kim J, Rimmer J, Mrad N, Ahmadzada S, Harvey R. Betadine has a ciliotoxic effect on ciliated 
human respiratory cells. The Journal of laryngology and otology. 2015;129(S1):S45. 
52. Frank S, Capriotti J, Brown SM, Tessema B. Povidone-Iodine Use in Sinonasal and Oral Cavities: A 
Review of Safety in the COVID-19 Era. Ear, Nose & Throat Journal. 2020:0145561320932318. 
53. 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;42(6):1268-72. 
54. Ramezanpour M, Smith JL, Psaltis AJ, Wormald PJ, Vreugde S, editors. In vitro safety evaluation 
of a povidone-iodine solution applied to human nasal epithelial cells. International forum of allergy & 
rhinology; 2020: Wiley Online Library. 
55. Unit N, Organization WH. Recommended iodine levels in salt and guidelines for monitoring their 
adequacy and effectiveness. World Health Organization; 1996. 
56. ADER AW, PAUL TL, REINHARDT W, SAFRAN M, Pino S, McARTHUR W, et al. Effect of mouth 
rinsing with two polyvinylpyrrolidone-iodine mixtures on iodine absorption and thyroid function. The 
Journal of Clinical Endocrinology & Metabolism. 1988;66(3):632-5. 
57. Oral Health Care Drug Products for Over-the-Counter Human Use; Tentative Final Monograph 
for Oral Antiseptic Drug Products, 21 CFR Part 356 (1994). 
58. NAGATA K, TAKASU N, AKAMINE H, OHSHIRO C, KOMIYA I, MURAKAMI K, et al. Urinary iodine 
and thyroid antibodies in Okinawa, Yamagata, Hyogo, and Nagano, Japan: the differences in iodine 
intake do not affect thyroid antibody positivity. Endocrine journal. 1998;45(6):797-803. 
59. Domingo M, Farrales M, Loya R, Pura M, Uy H. The effect of 1% povidone iodine as a pre- 
procedural mouthrinse in 20 patients with varying degrees of oral hygiene. The Journal of the Philippine 
Dental Association. 1996;48(2):31-8. 
60. Sato K, Ohmori T, Shiratori K, Yamazaki K, Yamada E, Kimura H, et al. Povidone iodine-induced 
overt hypothyroidism in a patient with prolonged habitual gargling: urinary excretion of iodine after 
gargling in normal subjects. Internal Medicine. 2007;46(7):391-5. 
61. Martínez Lamas L, Diz Dios P, Pérez Rodríguez MT, Del Campo Pérez V, Cabrera Alvargonzalez JJ, 
López Domínguez AM, et al. Is povidone iodine mouthwash effective against SARS-CoV-2? First in vivo 
tests. Oral diseases. 2020. 
62. Nuckolls C. Chemical Considerations Related to The Dilution of Commercial 10% Povidone-Iodine 
For Use In The COVID-19 Pandemic. 2020. 
63. Bidra AS, Pelletier JS, Westover JB, Frank S, Brown SM, Tessema B. Comparison of in vitro 
inactivation of SARS CoV-2 with hydrogen peroxide and povidone-iodine oral antiseptic rinses. Journal of 
Prosthodontics. 2020;29(7):599-603. 
64. Herb Moskowitz MM. Comparative Analysis of Antiviral Efficacy of Four Different Mouthwashes 
against Severe Acute Respiratory Syndrome Coronavirus 2: An In Vitro Study. International Journal of 
Experimental Dental Science. 2020;9(1):1-3. 
65. Ra SH, Lim JS, Kim G-u, Kim MJ, Jung J, Kim S-H. Upper respiratory viral load in asymptomatic 
individuals and mildly symptomatic patients with SARS-CoV-2 infection. Thorax. 2020;76(1):61-3. 



27  

66. Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G, Wallrauch C, et al. Transmission of 2019- 
nCoV infection from an asymptomatic contact in Germany. New England Journal of Medicine. 
2020;382(10):970-1. 
67. Chan JF-W, Yuan S, Kok K-H, To KK-W, Chu H, Yang J, et al. A familial cluster of pneumonia 
associated with the 2019 novel coronavirus indicating person-to-person transmission: a study of a family 
cluster. The Lancet. 2020;395(10223):514-23. 
68. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Müller MA, et al. Virological 
assessment of hospitalized patients with COVID-2019. Nature. 2020;581(7809):465-9. 
69. Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al. Presymptomatic SARS- 
CoV-2 infections and transmission in a skilled nursing facility. New England journal of medicine. 2020. 
70. Yu P, Zhu J, Zhang Z, Han Y. A familial cluster of infection associated with the 2019 novel 
coronavirus indicating possible person-to-person transmission during the incubation period. The Journal 
of infectious diseases. 2020;221(11):1757-61. 
71. Bai Y, Yao L, Wei T, Tian F, Jin D-Y, Chen L, et al. Presumed asymptomatic carrier transmission of 
COVID-19. Jama. 2020;323(14):1406-7. 
72. Hoehl S, Rabenau H, Berger A, Kortenbusch M, Cinatl J, Bojkova D, et al. Evidence of SARS-CoV-2 
infection in returning travelers from Wuhan, China. New England Journal of Medicine. 
2020;382(13):1278-80. 
73. Hasanoglu I, Korukluoglu G, Asilturk D, Cosgun Y, Kalem AK, Altas AB, et al. Higher viral loads in 
asymptomatic COVID-19 patients might be the invisible part of the iceberg. Infection. 2020:1-10. 
74. Zheng S, Fan J, Yu F, Feng B, Lou B, Zou Q, et al. Viral load dynamics and disease severity in 
patients infected with SARS-CoV-2 in Zhejiang province, China, January-March 2020: retrospective 
cohort study. bmj. 2020;369. 
75. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of SARS-CoV-2 in different types of 
clinical specimens. Jama. 2020;323(18):1843-4. 
76. Weaver GH. Droplet infection and its prevention by the face mask. The Journal of Infectious 
Diseases. 1919:218-30. 
77. Chughtai AA, Seale H, Macintyre CR. Effectiveness of cloth masks for protection against severe 
acute respiratory syndrome coronavirus 2. Emerging infectious diseases. 2020;26(10). 
78. Almeida AMd, Freire MEM, Nogueira JdA, Gir E, Nogueira WP. Cloth masks as respiratory 
protections in the COVID-19 pandemic period: evidence gaps. Revista brasileira de enfermagem. 
2020;73. 
79. MacIntyre CR, Seale H, Dung TC, Hien NT, Nga PT, Chughtai AA, et al. A cluster randomised trial 
of cloth masks compared with medical masks in healthcare workers. BMJ open. 2015;5(4):e006577. 
80. Control CfD, Prevention. Strategies for optimizing the supply of facemasks. Accessed (2020, May 
19) from https://www. cdc. gov/coronavirus/2019-ncov/hcp …; 2020. 
81. Chughtai AA, Stelzer-Braid S, Rawlinson W, Pontivivo G, Wang Q, Pan Y, et al. Contamination by 
respiratory viruses on outer surface of medical masks used by hospital healthcare workers. BMC 
infectious diseases. 2019;19(1):1-8. 
82. Chartier Y, Pessoa-Silva C. Natural ventilation for infection control in health-care settings: World 
Health Organization; 2009. 
83. Bahl P, Doolan C, de Silva C, Chughtai AA, Bourouiba L, MacIntyre CR. Airborne or droplet 
precautions for health workers treating COVID-19? The Journal of infectious diseases. 2020. 
84. Chughtai AA, Chen X, Macintyre CR. Risk of self-contamination during doffing of personal 
protective equipment. American journal of infection control. 2018;46(12):1329-34. 
85. Shah K, Saxena D, Mavalankar D. Secondary attack rate of COVID-19 in household contacts: a 
systematic review. QJM: An International Journal of Medicine. 2020;113(12):841-50. 

https://www/


28  

86. Bi Q, Wu Y, Mei S, Ye C, Zou X, Zhang Z, et al. Epidemiology and transmission of COVID-19 in 391 
cases and 1286 of their close contacts in Shenzhen, China: a retrospective cohort study. The Lancet 
Infectious Diseases. 2020. 
87. Kawasuji H, Takegoshi Y, Kaneda M, Ueno A, Miyajima Y, Kawago K, et al. Transmissibility of 
COVID-19 depends on the viral load around onset in adult and symptomatic patients. PloS one. 
2020;15(12):e0243597. 
88. He X, Lau EH, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in viral shedding and 
transmissibility of COVID-19. Nature medicine. 2020;26(5):672-5. 


