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1  |  INTRODUC TION

Viral infections in humans are contagious and often lead to other com-
plex clinical diseases, such as acute respiratory distress syndrome, 
pneumonia, heart failure, blood clotting disorders, multisystem inflam-
matory syndrome, renal failure, liver damage, shock, and multi- organ 
failure. Around the world, people are regularly infected with human 

coronavirus (HCoV) strains 229E, NL63, OC43, and HKU1 resulting 
in common cold symptoms in about one- third of the common cold 
cases (Chen et al., 2020; Lim et al., 2016). While many coronaviruses 
infect animals, some evolve to infect humans via zoonotic transmis-
sion, becoming new human coronaviruses, such as the Middle East 
respiratory syndrome coronavirus (MERS- CoV), the severe acute re-
spiratory syndrome coronavirus (SARS- CoV), and the severe acute 
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Abstract
Objective: To determine the in vitro antiviral activity of oral care products contain-
ing stabilized chlorine dioxide toward infectious viruses that harbor in the oral cavity. 
Specfically, severe acute respiratory syndrome coronavirus- 2 (SARS- CoV- 2), SARS- 
CoV, human coronavirus (HCoV) 229E, influenza A (H3N2), rhinovirus type 14, adeno-
virus type 5, and herpes simplex virus (HSV) type 1 and 2 were examined.
Methods: Validated in vitro suspension virucidal assays were used. Test product was 
mixed with the test virus for 30, 60, or 120 s, neutralized with sodium thiosulfate, 
serially diluted in dilution medium in a 96- well plate and incubated in a carbon diox-
ide incubator for 7 days. The 50% Tissue Culture Infectious Dose per milliliter was 
determined.
Results: Two rinses, one oral spray and one fluoride toothpaste showed log reduction 
of severe acute respiratory syndrome coronavirus- 2 ranging from 1.81 to 2.98 and 
of influenza A from 2.58 to 4.13, respectively, within 30 s of contact time; similar re-
sults were obtained at 60 s. Further, the Ultra Sensitive rinse showed 0.19, 0.75, 1.58, 
1.75, 2.66, and 3.24 log reduction of severe acute respiratory syndrome coronavirus, 
human coronavirus 229E, rhinovirus type 14, adenovirus type 5, and herpes simplex 
virus type 1 and type 2, respectively, within 30 s of contact time.
Conclusion: Stabilized chlorine dioxide containing ClōSYS® oral care products re-
duced the viral load of multiple viruses within 30 s. The results warrant further inves-
tigation for potential in vivo applications.
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respiratory syndrome coronavirus- 2 (SARS- CoV- 2; CDC, 2020a; Chen 
et al., 2020; NIAID, 2020). SARS- CoV- 2 is the newest member of this 
group; it is highly infectious to humans causing coronavirus disease 
2019 (COVID- 19), which paralyzed global public health and disrupted 
economies worldwide (NFID, 2020). SARS- CoV- 2 infects through the 
mouth, nose, and eyes, and is often transmitted through coughing, 
sneezing, and speaking. Thus, there is a close relationship between 
coronavirus infectivity and the oral cavity. Angiotensin- converting en-
zyme II (ACE2) is the cell receptor for human coronaviruses, including 
SARS- CoV- 2, SARS- CoV, and HCoV- NL63 (Xu, Zhong, et al., 2020; Xu 
et al., 2020). The expression of ACE2 in the salivary gland is higher than 
in the lungs and, therefore the salivary gland is a potential cause of 
infection in addition to saliva (Kuraji & Kapila, 2020; Xu, Li, et al., 2020).

Other viruses that infect the nasopharynx, oropharynx, and the 
oral cavity causing cold and flu- like symptoms are influenza, rhino-
virus, and adenovirus. Human influenza A and B viruses cause sea-
sonal epidemics of disease (or the “flu season”) nearly every winter. 
However, influenza A viruses have also caused global epidemics of flu 
disease (CDC, 2019a). Hemagglutinin of the influenza A virus binds to 
sialic acids on the cells of the respiratory tract enabling infection of 
the cells (Ramos & Fernandez- Sesma, 2012). Rhinovirus is a common 
viral infectious agent in humans. Up to 80% of seasonal common cold 
illnesses have been associated with rhinovirus infection; it is associ-
ated with upper and lower respiratory tract symptoms (Turner, 2007). 
Adenoviruses can cause a wide range of illnesses with common cold 
or flu- like symptoms including fever, sore throat, acute bronchitis, 
pneumonia, pink eye, and acute gastroenteritis. People with weak-
ened immune systems, or existing respiratory or cardiac diseases, 
are at higher risk of developing severe illness from an adenovirus 
infection (CDC, 2019b). More than 100 serologically distinct types 
of adenoviruses have been identified, while about 50 of these infect 
humans, and of these, Adenovirus type 5 has been the most studied. 
Human adenovirus infects the mucosa of the respiratory, gastroin-
testinal, and urogenital tracts as well as the eye. There is no FDA ap-
proved treatment of adenovirus infection (Hoffman et al., 2020).

Viruses and bacteria associated with upper respiratory infections 
harbor in the oral cavity; infection is transmitted from one person to 
the next when in close proximity. Therefore, “Pre- rinsing” the oral 
cavity with an appropriate antimicrobial agent to reduce the bacte-
rial and viral load in the oral cavity prior to any dental procedure or, 
for that matter, any clinical examination, is deemed highly important, 
particularly after the emergence of COVID- 19 (CDC, 2020b). The 

purpose of pre- procedural rinsing in the dental operatory is to re-
duce the risk of infection and transmission of pathogens present or 
accumulated in the oral cavity.

Chlorine dioxide gas in solution is known to exhibit antiviral ac-
tivity against SARS- CoV, influenza A, adenovirus type 40 and feline 
calicivirus, cytomegalovirus, polio virus, herpes I and II, human T- 
lymphotropic virus type III (HTLV- III), measles virus, canine distem-
per virus, human adenovirus- 2, canine adenovirus- 2, and canine 
parvovirus (Miura & Shibata, 2010; Sanekata et al., 2010; Thurston- 
Enriquez et al., 2005; Wang et al., 2005; Young, 2016).

ClōSYS® oral care products containing stabilized chlorine diox-
ide (a source of chlorine dioxide in a proprietary buffered solution) 
exhibited multifunctional activities, such as antibacterial, antifun-
gal, anti- biofilm, and oxidative on oral malodor compounds (Drake 
& Villhauer, 2011; Grootveld et al., 2001; Lee et al., 2018). We re-
port here the antiviral activity of these oral care products against 
infectious viruses harbored in the oral cavity, including SARS- CoV- 2, 
SARS- CoV, HCoV- 229E, influenza A, rhinovirus type 14, adenovirus 
type 5, herpes simplex virus (HSV) type 1, and HSV type 2.

2  |  MATERIAL S AND METHODS

The SARS- CoV- 2 testing was performed at MRIGlobal (Kansas City, 
MO, USA), HCoV 229E testing at Microchem Laboratory (Round 
Rock, TX, USA) and SARS- CoV, influenza A, rhinovirus type 14, ad-
enovirus type 5, HSV type 1, and HSV type 2 testing at Microbac 
Laboratories, Inc. (Sterling, VA, USA) using validated assays at re-
spective laboratories. The assays were internally controlled so that 
the viral reduction values could be correlated.

2.1  |  Materials

Minimum essential medium (MEM), fetal bovine serum (FBS), phosphate- 
buffered saline (PBS), TPCK- trypsin, penicillin- streptomycin, L- 
glutamine and 0.25% Trypsin- EDTA were obtained from Thermo 
Fischer Scientific, sodium thiosulfate from Acros Organics and all host 
cell lines were from American Type Culture Collection. Virus strains 
and respective host cells used in the study are summarized in Table 1. 
ClōSYS® Ultra Sensitive rinse, Sensitive rinse, Oral Spray, and Sensitive 
Fluoride toothpaste were provided by Rowpar Pharmaceuticals, Inc.

Virus Strain Host cells

SARS- CoV−2 USA- WA1/2020 (NR−52281) Vero E 6 cells (CRL−1586)

SARS- CoV CDC 200300592 Vero E 6 cells (CRL−1586)

HCoV 229E (VR−740) MRC−5 cells (CCL−171)

Influenza A (H3N2) A/Honk Kong/8/68 MDCK cells (CCL−34)

Rhinovirus Type 14 1059 (VR−284) H1- HeLa cells (CRL−1958)

Adenovirus Type 5 Adenoid 75 (VR−5) A549 cells (CCL−185)

HSV Type 1 HF (VR−260) Vero cells (CCL−81)

HSV Type 2 G (VT−734) Vero cells (CCL−81)

TA B L E  1  Virus strains and host cells
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Oral rinses and spray formulations were used without modification. 
A toothpaste solution free of suspended particles was prepared by 
mixing 1 part of Sensitive fluoride toothpaste with 2 parts of PBS i.e., 
1→3 dilution. This slurry was vortexed, centrifuged, and syringe filtered 
through a 0.22 µm filter to obtain a clear supernatant. The toothpaste 
solution thus obtained was used for treatment as an undiluted sample.

2.2  |  Antiviral activity against SARS- CoV- 2

Vero E6 cells were cultured in growth media consisting of Dulbeco's 
Modified Eagle Medium/F12 supplemented with 5% FBS, and PSN 
(50 µg/ml penicillin, 50 µg/ml streptomycin, and 100 µg/ml neomy-
cin). 0.5% Sodium Thiosulfate in water was used as a neutralizer. PBS 
was used as a negative control.

The Vero E6 cells were plated on 96- well plates one to three days 
before the assay and were allowed to grow to ~60%– 70% confluence. 
0.3 ml of SARS- CoV- 2 was added to 2.7 ml of test product in a 15 ml 
conical tube and incubated for 30, 60, or 120 s at room temperature. 
After the designated time, 3.0 ml of 0.5% sodium thiosulfate in water 
(neutralizer) was added to the conical tube. A control comprised of 
2.7 ml PBS was used in place of the test product. In addition, a cyto-
toxicity/neutralization control was performed with 2.7 ml of the test 
product and 0.3 ml of PBS rather than virus. This was split, adding 
the material directly to Vero E6 cells as a cytotoxicity control and 
adding virus to dilutions of the liquid prior to the addition to Vero E6 
cells. The cytotoxicity/neutralization control was performed once for 
each time point on the second day of testing. Samples were added to 
an empty 96- well plate and diluted 1:10 down the plate in DMEM/
F12 and transferred to a plate of Vero E6 cells with media removed. 
After approximately 45 min, DMEM/F12 supplemented with FBS was 
added to cells to feed them for the next 3– 6 days. Cytotoxicity con-
trols of the test articles without virus added were also performed. 
The assay was executed in five replicates for each condition.

After 3 or 4 days, cells were examined for the presence of cyto-
pathic effects (CPE) associated with viral presence and replication. 
Examination was performed using a microscope (10× objective to 
view the entire well at once) to observe the morphology of the cells. 
Any well displaying CPE was marked as positive regardless of whether 
the whole well or only a small patch was affected, indicating viable 
virus presence. The number of positive and negative wells were en-
tered into a published Excel spreadsheet (Lindenbach, 2009). The re-
sultant values were log transformed, the mean of the log transformed 
data was calculated, and the mean log value of the test article was 
subtracted from the mean control value, all using Microsoft Excel.

2.3  |  Antiviral activity against SARS- CoV, HCoV- 
229E, influenza A, rhinovirus type 14, adenovirus 
type 5, HSV type 1, and HSV type 2

A similar procedure was used to test the product's antiviral activ-
ity for SARS- CoV- 2. A 0.3 ml aliquot of test virus suspension was 

transferred to a vial containing 2.7 ml of test product. The challenge 
suspension was exposed to the test solution for 30, 60 or 120 s at 
21°C, neutralized with 3.0 ml of neutralizer, mixed thoroughly, and 
serially diluted in dilution medium (MEM + 1.0 µg/ml Trypsin). Each 
dilution was plated in eight replicates. Appropriate virus, neutrali-
zation effectiveness/viral interference (NE/VI), cytotoxicity, cell vi-
ability, and media sterility controls were calculated. All plates were 
incubated in a CO2 incubator for 7 days at the appropriate tempera-
ture for the virus.

Cytopathic/cytotoxic effects were monitored using an Inverted 
Compound Microscope and 50% Tissue Culture Infectious Dose per 
milliliter (TCID 50/ml) was determined. The cytotoxicity control was 
established by contact of the test product with the host cell to de-
termine if host cells were killed by the product itself relative to the 
observed CPE associated with the virus. Similarly, the neutralization 
control was analyzed by contact of the product with the neutraliza-
tion solution (0.5% sodium thiosulfate) to determine if the residual 
product following contact with the virus was fully neutralized and if 
the observed CPE were associated with the residual virus infecteing 
the host cell. Thus, results acceptance criteria were (1) the virus must 
be recovered from the neutralizer effectiveness/viral interference 
control, (2) the viral- induced CPE must be distinguishable from test 
composition induced toxicity and (3) the cell viability control must 
remain viable throughout the course of the assay period and exhibit 
absence of virus.

3  |  RESULTS

Healthy Vero E6 cells have a semitransparent appearance with a 
fusiform shape (pinched or narrowing ends and round in the middle) 
and they form a monolayer of cells with little to no space between 
cells. Dead Vero E6 cells displaying CPE are often detached from 
the plate, round, less transparent, and much smaller than living cells. 
Furthermore, the healthy Vero E6 cells cover much of the surface 
of the well; however, wells containing cells with CPE have areas of 
the well where no cells are adherent, described commonly as empty 
space. Representative images are shown in Figure 1.

Antiviral activity of stabilized chlorine dioxide containing oral 
care products was tested at 30-  60-  or 120- s time intervals, which 
are normal times of daily oral hygiene practice (oral rinsing and 
tooth- brushing).

3.1  |  Antiviral activity against SARS- CoV- 2

Table 2 summarizes the results of the SARS- CoV- 2 viral load reduc-
tion by the oral rinses, oral spray, and toothpaste products. Mean 
log reductions of SARS- CoV- 2 by the Ultra Sensitive rinse, Sensitive 
rinse, Oral Spray, and Sensitive fluoride toothpaste in 30 s of contact 
time were 1.96, 1.81, 2.98, and 2.26, respectively. The mean log re-
duction values at 30 s of contact time correspond to 98.4%, 98.4%, 
99.9%, and 99.4% mean percent reduction of initial viral load by the 
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Ultra Sensitive rinse, Sensitive rinse, Oral Spray and Sensitive fluo-
ride toothpaste, respectively (Table 2). Increasing contact time to 60 
or 120 s did not increase the extent of viral load reduction. While log 
reduction values do not correlate to mean reduction values, it should 
be noted that the log reduction and mean % reduction values were 
within the measurement variability of the assay. Both Ultra Sensitive 
and Sensitive rinses exhibited similar viral load reductions; mint fla-
voring being an additional ingredient in the Sensitive rinse according 
for difference in the two formulations. The 1→3 diluted toothpaste 
slurry contained only 0.04% stabilized chlorine dioxide compared to 
0.1% in rinse and spray products; it still showed comparable viral 
load reduction.

3.2  |  Antiviral activity against influenza A

The results of the viral load reduction of influenza A by oral rinse, 
oral spray, and toothpaste products are presented in Table 3. The log 
reduction of influenza A by Ultra Sensitive rinse, Sensitive rinse, and 
Oral Spray in 30 s of contact time was in the range from 3.0 to 4.13 

and remained similar at 60 s. Sensitive fluoride toothpaste exhibited 
2.58 log reduction in 30 s, which increased slightly with time to 3.25 
in 120 s. Although the toothpaste slurry contained 2.5-  fold less 
concentration of stabilized chlorine dioxide compared to the rinse 
and spray products (0.04% vs. 0.1%), it showed comparable viral load 
reduction at 60 s of contact time.

3.3  |  Antiviral activity of Ultra Sensitive rinse 
against different viruses

Ultra Sensitive rinse reduced the viral load of different viruses rang-
ing from 35.43% to 99.99% in 30 s (Table 4). The maximum log re-
duction of viral load in 30 s of contact time was for influenza A (4.13) 
followed by HSV type 2 (3.24), HSV type 1 (2.66), SARS- CoV- 2 (1.96), 
adenovirus Type 5 (1.75), rhinovirus Type 14 (1.58), HCoV 229E 
(0.75), and SARS- CoV (0.19). The log reduction values at 30 and 60 s 
of contact time for respective virus were within the measurement 
variability of the assay except for SARS- CoV; which exhibited 0.19 
reduction in 30 s vs. 0.56 to 1.06 reduction in 60 s.

F I G U R E  1  Cytopathic Effects of 
SARS- CoV- 2 on Vero E6 cells. Microscopic 
images of (a) confluent Vero E6 cells and 
(b) Vero E6 cells infected with SARS- 
CoV- 2. Both images represent typical 
results following 4 days of culture

(a) (b)

TA B L E  2  Antiviral activity against SARS- CoV- 2a

Product
(n = 3)

Contact 
time (s)

Initial load (Log 
10 TCID50)b

Mean output load (Log 
10 TCID50)

Mean Log 
reduction

Mean % 
reduction

Ultra sensitive rinse 30 5.79 3.83 1.96 98.4

60 5.31 3.92 1.39 96.3

Sensitive rinse 30 6.50 4.69 1.81 98.4

60 6.17 4.46 1.71 98.0

Oral spray 30 6.50 3.52 2.98 99.9

60 6.17 3.50 2.67 99.7

Sensitive fluoride toothpastec 30 5.76 3.50 2.26 99.4

60 5.76 3.50 2.26 99.4

120 5.76 3.50 2.26 99.4

aAll controls met the criteria for a valid test.
bThe mean viral recovery control value for the corresponding contact time was used as the Initial Load. Log values are not correlated to mean 
reduction values.
cSupernatant of 1→3 diluted toothpaste slurry.
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4  |  DISCUSSION

The antiviral activity of oral rinses has become an important area 
of research due to the close relationship between the infectivity of 
SARS- CoV- 2 and the oral cavity (Xu, Zhong, et al., 2020; Xu, Li, et al., 
2020). Besides SARS- CoV- 2, other viruses that induce similar symp-
toms, such as the common cold and respiratory tract infections are 
MERS- CoV, HCoV strains 229E, NL63, OC43 and HKU1, influenza 
A, rhinovirus type 14, and adenovirus type 5. The U.S. Centers for 

Disease Control, along with other agencies and professional asso-
ciations have come to advocate “Pre- rinsing” the oral cavity with an 
antimicrobial rinse to reduce the bacterial and viral load in the oral 
cavity prior to commencing any dental procedure or, for that matter, 
any clinical examination (CDC, 2020b). The purpose of pre- rinsing or 
pre- procedural rinsing in the dental operatory is to reduce the risk of 
infection and transmission.

A uniqueness of the tested oral care products is that chlorine di-
oxide is instantly liberated from its stabilized form upon its adminis-
tration in the oral cavity via interaction with amino acids and organic 

TA B L E  3  Antiviral activity against influenza Aa

Product
Contact 
time (s) Initial load (Log10 TCID50)b Output load (Log10 TCID50)

Log 
reduction

% 
Reduction

Ultra sensitive rinsea 30 7.16 3.03, 3.03 4.13, 4.13 99.99, 99.99

60 7.16 2.78, 2.53 4.38, 4.63 99.99. 99.99

Sensitive rinsec 30 6.78 3.78, 3.03 3.00, 3.75 99.90, 99.98

60 6.78 2.78, 2.78 4.00, 4.00 99.99, 99.99

Oral sprayc 30 6.78 3.53, 3.28 3.25, 3.50 99.94, 99.96

60 6.78 3.28, 2.78 3.50, 4.00 99.96, 99.99

Sensitive fluoride toothpasted 30 6.95 4.36 2.58 99.731

60 6.95 4.11 2.83 99.848

120 6.95 3.69 3.25 99.942

aAll controls met the criteria for a valid test.
bThe mean viral recovery control value for the corresponding contact time was used as the Initial Load.
cTwo replicates were run.
dSupernatant of 1→3 diluted toothpaste slurry was used. Three replicates were run and mean values are presented.

TA B L E  4  Antiviral activity of Ultra sensitive rinsea

Virus
Contact 
time (s)

Initial load 
(Log10 TCID50)b

Output load 
(Log10 TCID50)

Log 
reduction

% 
Reduction

SARS- CoV−2c 30 5.79 3.83 1.96 98.4

60 5.31 3.92 1.39 96.3

HCoV 229Ec 30 5.10 4.35 0.75 82.22

60 5.10 4.61 0.49 67.64

SARS- CoVd 30 6.77 6.58 0.19 35.43

60 6.77 6.21, 5.71 0.56, 1.06 72.45, 91.29

Influenza Ad 30 7.16 3.03, 3.03 4.13, 4.13 99.99, 99.99

60 7.16 2.78, 2.53 4.38, 4.63 99.99. 99.99

Rhinovirus Type 14c 30 7.78 6.19 1.58 97.310

60 7.78 5.86 1.91 98.745

Adenovirus Type 5c 30 6.95 5.19 1.75 98.181

60 6.95 4.86 2.08 99.152

Herpes simplex virus type 1c 30 8.28 5.61 2.66 99.777

60 8.28 5.36 2.91 99.874

Herpes simplex virus type 2c 30 8.11 4.86 3.24 99.941

60 8.11 4.69 3.41 99.960

aAll controls met the criteria for a valid test.
bThe mean viral recovery control value for the corresponding contact time was used as the Initial Load.
cThree replicates were run and mean values are presented.
dTwo replicates were run. One replicate at 30 s for SARS- CoV provided uninterpretable results.
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acids present in the saliva (Grootveld et al., 2001). The released chlo-
rine dioxide exhibits antimicrobial activity (Drake & Villhauer, 2011). 
Among the tested products, the log load reduction of SARS- CoV- 2 
in 30 s was highest by the Oral Spray (2.98) followed by the Sensitive 
fluoride toothpaste (2.26), Ultra Sensitive rinse (1.96), and Sensitive 
rinse (1.81). On the other hand, the log load reduction of influenza 
A in 30 s was highest by the Ultra Sensitive rinse (4.13), followed by 
the Oral Spray (3.25– 3.50), Sensitive rinse (3.0– 3.75), and Sensitive 
fluoride toothpaste (2.58). Such a variation in response is expected 
and may be attributable to the extent of chlorine dioxide released 
from the product and its accessibility to protein and lipid molecules 
on the surface of a virus. Notably, the stabilized chlorine dioxide 
concentration in the diluted toothpaste slurry was about 2.5- fold 
less than that in the rinse and spray products (0.04% vs. 0.1%). 
However, the observed log reduction values for SARS- CoV- 2 and in-
fluenza A were nearly comparable for the toothpaste, particularly at 
60 s time point (Tables 2 and 3). Furthermore, the Sensitive fluoride 
toothpaste contains sodium lauroyl sarcosinate, which may alter the 
microenvironment of viral protein structure thereby enhancing the 
oxidation reaction. A sodium lauroyl sarcosinate containing tooth-
paste enhances fluoride uptake in enamel and remineralization of 
the enamel compared to a toothpaste formulation containing only 
sodium fluoride (Mynenivenkatasatya et al., 2020). While it was be-
yond the scope of the present research to determine any relation-
ship between antiviral activity and the concentration of stabilized 
chlorine dioxide in the products examined, it would be reasonable 
to anticipate the antiviral activity of the commercial toothpaste 
product containing 0.12% stabilized chlorine dioxide will be equal or 
more than the tested 1→3 diluted clear supernatant.

Meister et al. (2020) reported the antiviral activity of 8 mouth-
wash products against 3 strains of SARS- CoV- 2. The data showed 
that oral rinses containing dequalinium chloride, benzalconium 
chloride, polyvidone- iodine and ethanol and essential oils exhibited 
excellent antiviral activity against SARS- CoV- 2; log reductions be-
tween ≥2.61 to ≥3.11 were observed in 30 s. However, oral rinses 
containing hydrogen peroxide and chlorhexidine- bis (D- gluconate) 
were not effective, producing 0.33 to 0.78 log reductions in 30 s. 
Bidra et al. (2020) reported that an oral antiseptic rinse solution con-
taining 0.5% to 1.5% povidone- iodine exhibited a 3.3 log reduction 
in SARS- CoV- 2 in 30 s. Yoon et al. (2020) observed that SARS- CoV- 2 
viral load was remarkably high in saliva, 6.63 and 7.10 log10 copies/
ml in two monitored patients, and that a chlorhexidine rinse reduced 
the viral load for a 2- h period. A clinical study demonstrated that a 
hydrogen peroxide oral rinse was not effective in reducing the in-
traoral viral load of SARS- CoV- 2 (Gottsauner et al., 2020). Davies 
et al. (2021) reported a ≥4.5 to ≥5.5 log reduction of SARS- CoV- 2 in 
60 s with mouthwashes containing 0.58% povidone- iodine, 0.01%– 
0.02% stabilized hypochlorous acid or 1.4% dipotassium oxalate, 
whereas mouthwashes containing 1.5% hydrogen peroxide or 0.2% 
chlorhexidine were not effective; exhibiting only 0.2– 0.5 log re-
duction. The findings of this investigation and that of prior results 
suggest the need for research to determine minimum viral load re-
ductions concentrations and maximum viricidal concentrations of 

oral care products intended for use as pre- rinses as well as to deter-
mine their efficacy in clinical settings.

Influenza A, along with pneumonia, is a 40 percent co- morbidity 
factor in COVID- 19 deaths (Zayet et al., 2020). Because of its host- 
range diversity, genetic and antigenic diversity, and its ability to re-
assort generally, influenza A is considered likely to return in the form 
of a future pandemic (Mostafa et al., 2018; Taubenberger & Morens, 
2008). This study was limited to testing the H3N2 influenza virus. 
Given the capacity of influenza to reassort to form new viruses, fur-
ther testing against other influenza strains is warranted.

The Ultra Sensitive rinse showed antiviral activity against multi-
ple viruses (Table 4). The log reduction at 30 s of contact time was 
highest for influenza A H3N2 (4.13) followed by HSV type 2 (3.24), 
HSV type 1 (2.66), SARS- CoV- 2 (1.96), adenovirus type 5 (1.75), rhi-
novirus type 14 (1.58), HCoV 229E (0.75), and SARS- Co- V (0.19). The 
results confirm the published studies for antiviral activity of chlo-
rine dioxide against several viruses. Chlorine dioxide gas solution at 
concentrations ranging from 1 to 100 ppm inactivated ≥99.9% of vi-
ruses, such as feline calicivirus, human influenza virus, measles virus, 
canine distemper virus, human herpesvirus, human adenovirus, ca-
nine adenovirus, and canine parvovirus within 15 s and the antivi-
ral activity was about 10 times higher when compared to sodium 
hypochlorite (Sanekata et al., 2010). Therefore, antiviral activity of 
chlorine dioxide is observed against both RNA and DNA viruses re-
gardless of the presence or absence of the envelope. Similarly, there 
was a 10 times higher antiviral activity for a chlorine dioxide solution 
(Cleverin) compared to a sodium hypochlorite solution against influ-
enza A at 1 min as observed by Miura and Shibata (2010). Ogata and 
coworkers demonstrated that chlorine dioxide is effective in pre-
venting aerosol- induced influenza virus infection in mice at a con-
centration below 1 ppm (Ogata, 2012; Ogata & Shibata, 2008). The 
antiviral activity of chlorine dioxide against influenza A is attributed 
to the oxidation of amino acids particularly tryptophan and tyrosine 
at the receptor- binding site (Miura & Shibata, 2010; Ogata, 2012; 
Ogata & Shibata, 2008). Young (2016) attributed the antiviral activ-
ity of chlorine dioxide against polio virus, cytomegalovirus, herpes 
I and II, HTLV- III, Candida albicans, and Pseudomonas to oxidation 
of biomolecules, such as proteins, lipids, nucleic acids and polysac-
charides. The antiviral activity of chlorine dioxide against adenovi-
rus type 40 and feline calicivirus was higher at pH 8 than at pH 6 
and at 15°C than at 5°C (Thurston- Enriquez et al., 2005). Sigstam 
et al. (2013) demonstrated that chloride dioxide rapidly degraded 
the capsid proteins of three viruses that infect bacteria (bacterio-
phages MS2, fr, and GA). O'Donnell et al. (2020) attributed the anti-
viral activity of oral rinses against SARS- CoV- 2 to disruption of the 
viral lipid membrane. Finnegan et al. (2010) attributed the biocidal 
activity of chlorine dioxide, hydrogen peroxide, and peracetic acid 
to oxidation of biomolecules, including amino acids, proteins and en-
zymes. Further, stabilized chlorine dioxide in the tested rinse and 
toothpaste oxidized salivary biomolecules (Grootveld et al., 2001; 
Shewale et al., 2019). The observed antiviral activity of the rinses, 
oral spray, and toothpaste may be attributable to the oxidation of 
viral proteins and lipids by chlorine dioxide.
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Table 4 compares viral load reduction for one product tested, 
the Ultra Sensitive rinse. There was a considerable difference in the 
viral load reduction of SARS- CoV- 2, SARS- CoV, and HCoV 229E, 
all members of the human coronavirus family, ranging from 35.4% 
to 98.4% at 30 s and from 67.6% to 96.3% at 60 s of contact time. 
While there were some differences in the methods used to assess 
the viral load reductions, it is important to note that these assays 
are internally controlled and the reduction values are informative. 
Although human coronaviruses have a common structure, there are 
some differences in the structure of surface proteins and lipids that 
play a critical role in the severity of infection, response to antibodies, 
and inactivation by antiviral products. The SARS- CoV- 2 spike pro-
tein is 10 to 20 times more likely than the spike protein of SARS- 
CoV to bind to the ACE2 receptor on human cells, thereby enabling 
SARS- CoV- 2 to spread more easily from person to person (NIH, 
2020). Meister et al. (2020) demonstrated a wide variation in antivi-
ral activity of a given product toward three strains of SARS- CoV- 2, 
which was reproduced for all 8 rinses studied. Eggers et al. (2018) 
observed differences in the extent of log reduction of influenza A 
H1N1, SARS- Co- V, MERS- CoV, and Non- enveloped human rotavirus 
strain Wa by a povidone- iodine solution. Therefore, closely related 
viruses can exhibit different inactivation rates for a given disinfec-
tant. These reports and the research results reported here further 
emphasize that the antiviral activity of a product for a given human 
coronavirus may not be extrapolated to the antiviral activity against 
SARS- CoV- 2.

A limitation of the current study is that the experiments were 
conducted using standard validated in vitro suspension viru-
cidal efficacy tests and therefore do not represent the antiviral 
effects in the oral cavity in vivo. Further research is required to 
determine the rate of regrowth of viruses after being exposed 
to this or other antimicrobial agents. Finally, this study does not 
provide any evidence regarding transmission or infectivity of the 
viruses examined. This in vitro study together with prior reports 
of their antibacterial and antifungal activity, and the present an-
tiviral data support the use of Ultra Sensitive or Sensitive rinses 
pre- procedurally in the oral cavity. The implications for future re-
search rest on clinical studies examining the effect of oral care 
products on the infectivity and transmission of disease. A study 
is now in progress to determine the antiviral effective of the Ultra 
Sensitive rinse on viral load reduction in vivo among COVID- 19 
infected individuals (UCSF, 2020).
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