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Abstract
Objective: The Covid-19 pandemic has highlighted the importance of aerosolized droplets inhaled into the
nose in the transmission of respiratory viral disease. Inactivating pathogenic viruses at the nasal port of
entry may reduce viral loads, thereby reducing infection, transmission and spread.  In this
communication, we demonstrate safe and broad anti-viral activity of oil-in-water nanoemulsion
(nanodroplet) formulation containing the potent antiseptic 0.13% Benzalkonium Chloride (NE-BZK).  

Results: We have demonstrated that NE-BZK exhibits broad-spectrum, long-lasting antiviral activity with
>99.9% in vitro killing of enveloped viruses including SARS-CoV-2, human coronavirus, RSV, and in�uenza
B.  In vitro and ex-vivo studies demonstrated continued killing of >99.99% of human coronavirus with
diluted NE-BZK and persistent for 8 hours post application, respectively. The repeated application of NE-
BZK, twice daily for 2 weeks into rabbit nostrils demonstrated its safety with no nasal irritation.  These
�ndings demonstrate that formulating BZK into the proprietary nanodroplets offers a safe and effective
antiviral and a signi�cant addition to strategies to combat the spread of respiratory viral infectious
diseases.

Introduction
The nasal cavity is a primary port of entry for bacterial and viral respiratory pathogens. Recently
published studies on SARS-CoV-2 highlight the prominent role of nasal epithelium in initial infection, viral
replication, colonization, and transmission.1–3 Other highly contagious and pathogenic viruses such as
in�uenza, respiratory syncytial virus (RSV) and common human coronaviruses also enter through the
nasal mucosa, causing upper and lower respiratory tract infection.4–6 Increased viral load in the nasal
mucosa was shown to result in viral aspiration into the lungs7 causing severe lower respiratory tract
disease with high morbidity and mortality. The current Covid-19 pandemic has raised the urgent need for
a broad-spectrum antiviral nasal antiseptic that can prevent, or reduce viral colonization, infection, and
transmission of pathogenic respiratory viruses.

The CDC has reported varied antiviral activity of the widely used skin antiseptic AQ-BZK, including that it
can be ineffective against coronavirus.8,9 NE-BZK is a proprietary antiseptic which incorporates the active
ingredient benzalkonium chloride (0.13% BZK) in oil-in-water nanodroplets. Nanodroplets are 350nm in
size with positively charged surfaces, that repel each other and keeps the active ingredient BZK from
inactivating through crystallization. 10 The surface of enveloped viruses (e.g., SARS-CoV-2, in�uenza,
RSV) are negatively charged.11 Therefore, the positively charged nanodroplets in NE-BZK are attracted to
these viruses, delivering the antiseptic payload directly to the surface of the pathogen where splitting and
killing of the virus occurs. Nanoemulsions with different API has been used to produce an inactivated
split virus preparation including RSV, HSV, Flu, and Zika viruses (Unpublished data). Here we report data
from in vitro and ex vivo antiviral testing of the new formulation NE-BZK along with demonstration of in
vivo safety of its intranasal application in rabbits.
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Materials And Methods
Nanoemulsion Formulation with BZK: The nanoemulsion formulation was prepared with 0.13%
benzalkonium chloride (BZK) as the active ingredient.12 BZK, a quaternary ammonium compound, was
chosen due to its inherent antimicrobial activity and is currently use in numerous nasal spray and skin
antiseptic products. In NE-BZK, the BZK resides at the interface between the oil and water phases of the
nanodroplets with the hydrophobic tail distributed in the oil core and the polar cationic head group
residing at the oil-water interface.

Virus Strains Used for Demonstration of Antiviral Activity with NE-BZK: Broad spectrum antiviral activity
of NE-BZK was tested using the following viral isolates: SARS-CoV-2 Victoria/1/2020 strain (Public
Health England (PHE), Porton Down, Salisbury, UK); Human coronavirus 229E (ATCC: VR-740); In�uenza B
(VR-1931); and Respiratory Syncytial Virus (BlueWillow Biologics in-house strain: NBL-14-001-2UC). The
virus growth media was either Minimum Essential Medium – Eagle with Earle's BSS (MEM Eagle EBSS)
from Lonza (Rochester, NY) or Dulbecco’s Modi�ed Eagle’s Medium (DMEM) from Corning Inc (Corning,
NY). The cells used in the virus studies were obtained from ATTC (Manassas, VA): Vero E6 cells (ATCC#
CRL 1586) for SARS-CoV2, MRC-5 cells for HCoV229E (CCL-171 ATCC), MDCK cells for In�uenza B (CCL-
34 ATCC) and Vero cells for RSV (CCL-81 ATCC).

In Vitro Determination of Antiviral Activity

Using the time kill procedures described in the Standard Guide ASTM E1052-11, the antiviral activity of
the NE-BZK was assessed by inoculating the formulation with a suspension of viral particles (�nal
concentration of 1.5-3.1 x106 PFU/ml).13 At a predetermined exposure time, an aliquot was taken and
neutralized to remove residual effect of NE-BZK by diluting at 1:100 dilution in cell growth media
containing 1-2% FBS. A comparative inactivation of HCoV 229E by NE-BZK and AQ-BZK was also
evaluated by using the test samples at full strength, 1/10 dilution, and1/20 dilution.Virus control with
virus alone and toxicity control with test sample alone was also included. Concentration of active virus
particles was determined quantitively by plaque or TCID50 assay. TCID50 was calculated by the Karber

method.14 Number of PFU recovered from the test sample was converted into log10 format and compared
to an initial starting concentration to determine a log reduction.

Ex Vivo Persistence of Antiviral Activity on Human Cadaver Skin Following Application of NE-BZK

Cryopreserved, dermatomed human cadaver abdominal skin from Caucasian donors was obtained from
Science Care organ donor bank (Phoenix, AZ). The permeation and retention of each antiseptic
preparation in human skin was determined using the ex vivo permeation technique described by Franz.15

In brief, human skin was placed onto a Franz diffusion cell chamber and secured. The skin was
maintained at a temperature and humidity that match typical in vivo conditions. Human skin was dosed
with either the nanoemulsion antiseptic (NE-BZK) or aqueous BZK solution (AQ-BZK) applied at a single
dose of 100 mL/cm2. At either 4 or 8 hours post topical application, 10µL of viral particles in suspension
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(�nal concentration of 1-3 x105 PFU/ml) was applied to the skin surface for a contact time of 20 minutes.
The skin surface was washed with growth media, pooled and neutralized to remove residual effect of the
test formulation by diluting at 1:100 in growth media. Concentration of virus particles was determined
quantitively by plaque or TCID50 assay.

In Vivo Rabbit Safety and Toxicology Study

The safety of NE-BZK was evaluated in New Zealand white rabbits following bi-dose nasal swab
application for two weeks. The exploratory study was performed at IITRI in accordance with protocols
approved by the animal care and use committee. Following acclimation, the animals were randomly
assigned to either naïve control or NE-BZK treatment groups with 2/sex in control group and 4/sex in NE-
BZK group. The NE-BZK was applied to the inner nostril and nasal mucosa using a puritan foam tip. Two
hours post last dose application and two days later, blood was collected by bleeding the central ear artery.
Serum was analyzed by HPLC for BZK. The animals were sacri�ced 2 days post last administration by an
overdose of sodium pentobarbital (150-200 mg/kg by intravenous administration) and nasal cavity was
examined macroscopically and scored for erythema and edema by Draize method of scoring for dermal
irritation. 16

Analysis of Serum Samples for BZK

Rabbit serum samples collected at two hours and two days post NE-BZK application was analyzed using
quali�ed reverse phase HPLC method. The samples were extracted with acetonitrile and �ltered before
injecting into column. The samples were run on Phenomenex Luna 5µ column, using 0.04M sodium
acetate in acetonitrile as mobile phase. The samples were run at a �ow rate of 2mL/ minute with 100µL
injection volume. The peaks were detected using 254nm wavelength. The analytical assay detection limit
was 0.094µg/mL.

Results

Broad Spectrum Antimicrobial Activity of Nanoemulsion
with BZK Formulation
Since the well-known antiseptic BZK in standard aqueous solutions has demonstrated varied activity
against viruses and bacteria, including human coronavirus, we formulated BZK in oil-in-water
nanoemulsion and evaluated the broad-spectrum antiviral activity of NE-BZK. Data presented in Fig. 1
shows that NE-BZK inactivated > 99.9% of all tested enveloped viruses, including SARS-CoV-2. The
inactivation of these viruses was achieved within 5 minutes of mixing with the nanoemulsion. The results
of these studies demonstrated that NE-BZK has a sustained and consistent broad-spectrum antiviral
activity against multiple respiratory pathogens, including SARS-CoV-2, In�uenza B, and RSV.
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In Vitro E�cacy of Aqueous BZK in Comparison to BZK Formulated in Nanoemulsion against Human
Coronavirus (HCoV229E)

To demonstrate the superior antiviral activity of NE-BZK despite dilution, which is inherent in skin or
mucosal application in vivo, we compared serial dilutions of NE-BZK and aqueous BZK in the in vitro
inactivation test against human coronavirus. Three different concentrations including full-strength (0.13%
BZK), 1/10 dilution (0.013% BZK) and 1/20 dilution (0.0065% BZK), was tested against human
coronavirus (HCoV229E) following �ve-minute exposure. Data presented in Table 1 demonstrate that
even at highest tested dilution of 1/20, the NE-BZK formulation continued to demonstrate > 99.99% killing
while aqueous AQ-BZK antiviral activity was diminished with dilutions.

Table 1
In vitro log reduction of human coronavirus (HCoV 229E) treated for 5 minutes with NE-

BZK versus AQ-BZK at three dilution levels
Product (%BZK) AQ-BZK NE-BZK

Log Reduction % Killing Log Reduction % Killing

Full Strength (0.13%) > 4.49 > 99.99 > 4.49 > 99.99

1/10 Dilution (0.013%) > 4.49 > 99.99 > 4.49 > 99.99

1/20 Dilution (0.0065%) < 1 < 10 > 4.49 > 99.99

Durability of NE-BZK E�cacy in ex-vivo Human Cadaver Skin

Following demonstration of in vitro activity against human coronavirus, an ex-vivo time- kill study was
performed following pre-treatment of human cadaver skin with NE-BZK (0.13% BZK) or AQ-BZK for 4 and
8 hours. As presented in Table 2, NE-BZK achieved > 4.7 log killing of HCoV 229E at both the 4- and 8-hour
time points, while AQ-BZK exhibited only 1.5 log killing at 4 hours and no detectable activity at 8 hours.
These data suggest that NE-BZK could maintain its antiviral activity for a longer time due to stability of
this formulation compared to AQ-BZK formulations.

Table 2
Ex vivo log reduction of HCoV 229E by Nanoemulsion Antiseptic (NE-BZK) versus an AQ-BZK at 1:10

dilutions after 4 and 8 hours post application on human skin.
Product

1/10 Dilution (%BZK)

4 Hours 8-Hours

Average Log Kill*

(PFU/skin sample)

Average Log Kill*

(PFU/skin sample)

NE-BZK (0.013% BZK) > 4.7 > 4.7

AQ-BZK (0.013%) 1.5 < 1*

*Virus killing is calculated based on recovery from WFI control samples (5.70 Logs per skin sample).
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In-vivo Safety and Non-Irritating Properties of NE-BZK Product Applied to Nasal Skin Surfaces

Demonstration of broad-spectrum anti-viral activity of NE-BZK makes application to the nasal cavity an
option to reduce viral load, prevent colonization and lessen disease progression. Therefore, we studied
the safety of multiple daily nasal administration of NE-BZK in New Zealand white rabbits. Following 2-
week bi-dose intranasal application of NE-BZK, none of the animals in the treatment group (N = 8)
exhibited any signs of erythema or edema and were indistinguishable from the naïve group (N = 4).
Furthermore, BZK values in serum samples collected 2 hours and 2 days post application of the �nal
dose were below the limit of detection of BZK (< 0.094 µg/ml) demonstrating that this treatment localizes
in the nasal cavity and does not reach the blood stream.

Discussion
The nasal cavity is the primary port of entry for almost all respiratory disease-causing viruses.1–3 An
effective nasal antiseptic that inactivates the virus at the port of entry will be essential in preventing
infection, colonization, and transmission.7

Benzalkonium chloride (BZK), a well-known effective and safe antiseptic, has demonstrated variable
antiviral activity in typical aqueous formulations. In order to enhance antiviral activity and facilitate safe
delivery in the nasal cavity, we formulated 0.13% BZK as the main cationic surfactant component in a
new oil-in-water nanoemulsion (NE-BZK). Our data demonstrate enhanced antiviral activity of NE-BZK
versus commonly available aqueous 0.13% BZK formulations.

The timeline of SARS-CoV-2 infection indicates high viral load in infected individuals during the
incubation period, and 5–7 days post symptom onset results in the increased infectivity 7,18, 19 and has
been shown to be the most signi�cant predictor of severe COVID-19 disease including death.20 Therefore,
intervention aimed at reducing nasal viral load in SARS-CoV-2 infected persons would likely not only
increase the probability of survival but also likely reduce viral transmission to those in contact with the
infected individual. A recent article by Frank et al shows the in vitro e�cacy of povidone-iodine nasal
antiseptic for rapid inactivation of SARS-CoV-2. However, this approach has major limitations including
allergic potential, skin irritation and thyroid disease concerns. Povidone-iodine can become ineffective
when diluting from available commercial 5% or 10% solutions and can be effective only up to 4 hours
post application21. NE-BZK has an added advantage that safety has been previously demonstrated in
humans through two different phase 1 clinical trials using the same nanoemulsion technology with a
similar cationic surfactant.22, 23 BZK at concentrations similar to those in NE-BZK has been used in
human skin products since the 1940’s and is currently marketed in numerous nasal products.24 Hirose et
al has shown the survival of SARS-CoV-2 on skin surfaces for 9 hours25 which may require a more
durable antiseptic activity. Our ex-vivo data has shown that antimicrobial effect of NE-BZK was seen even
at 8hours post application, and even when diluting 20-fold, suggesting that application every 8 hours may
be useful in protecting against disease. Our in vivo safety study in rabbits also demonstrated no safety
issues with twice daily application of NE-BZK for two weeks with no systemic absorption.
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While newly diagnosed persons are sent home for quarantine without any recommended intervention, we
believe that an antiviral NE-BZK antiseptic might serve as a tool for reducing viral loads in SARS-Cov-2
quarantined infected persons, potentially reducing the risk of disease progression, transmission to close
contacts and households, and increasing survival.

Conclusions
NE-BZK is a safe, non-irritating nasal antiseptic, which may help in mitigating transmission of SARS-CoV-
2 and other respiratory viruses through nasal droplets at the port of entry.

Limitations
This study’s limitation was that NE-BZK was not tested in animal models or human subjects as an
antiviral nasal sanitizer to treat or prevent viral colonization and infections.

Abbreviations
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FBS: Fetal Bovine Serum; MEM: Minimum Essential Medium; HPLC: High Pressure Liquid
Chromatography.
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Figures

Figure 1

Log Reduction of Enveloped Viruses when Treated with Nanoemulsion Formulated with BZK The antiviral
effect of NE BZK was studied by inoculating the formulation with viral particles Following �ve minute
exposure, all the tested enveloped viruses demonstrated 99 9 killing, which was con�rmed by plaque or
TCID 50 assay NOTE Virus killing was calculated based on recovery from virus control samples (SARS
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CoV 2 6 18 Log PFU/mL, HCoV 229 E= 6 49 Log PFU/mL, In�uenza B 6 44 Log PFU/mL, RSV 6 49 Log
PFU/mL) Toxicity control indicated that 1 100 or 1 500 dilution of treated sample was required to remove
the toxicity effect to host cells Therefore, lower limit of detection ( was 2 2 70 Logs PFU/mL
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