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Abstract

Purpose One of the key approaches to minimize the risk of COVID-19 transmission would be to reduce the titres of SARS-
CoV-2 in the saliva of infected COVID-19 patients. This is particularly important in high-risk procedures like dental treat-
ment. The present randomized control trial evaluated the efficacy of three commercial mouth-rinse viz. povidone—iodine
(PI), chlorhexidine gluconate (CHX) and cetylpyridinium chloride (CPC), in reducing the salivary SARS-CoV-2 viral load
in COVID-19 patients compared with water.

Methods A total of 36 SARS-CoV-2-positive patients were recruited, of which 16 patients were randomly assigned to four
groups—PI group (n=4), CHX group (n=6), CPC group (n=4) and water as control group (n=2). Saliva samples were
collected from all patients at baseline and at 5 min, 3 h and 6 h post-application of mouth-rinses/water. The samples were
subjected to SARS-CoV-2 RT-PCR analysis.

Results Comparison of salivary Ct values of patients within each group of PI, CHX, CPC and water at 5 min, 3 h and 6 h time
points did not show any significant differences. However, when the Ct value fold change of each of the mouth-rinse group
patients were compared with the fold change of water group patients at the respective time points, a significant increase was
observed in the CPC group patients at 5 min and 6 h and in the PI group patients at 6 h.

Conclusion The effect of decreasing salivary load with CPC and PI mouth-rinsing was observed to be sustained at 6 h time
point. Within the limitation of the current study, as number of the samples analyzed, the use of CPC and PI formulated that
commercial mouth-rinses may be useful as a pre-procedural rinse to help reduce the transmission of COVID-19.

ISRCTN (ISRCTNO95933274), 09/09/20, retrospectively registered
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Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic
caused by novel beta-coronavirus has infected more than
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August 2020 [1]. At present, therapeutic strategies and pre-
ventive vaccines for SARS-CoV-2 have not been developed.
Infection control strategies targeted at individuals as well as
public health measures are key to curb the spread of SARS-
CoV-2 infection.

Human-to-human transmission of SARS-CoV-2 has been
reported to occur via droplets or contact transmission [2].
Hence, to prevent cross-contamination, infection prevention
practices such as hand hygiene, wearing mask and social dis-
tancing have been the mainstay of public infection control.
A previous study has detected the presence of SARS-CoV-2
in the saliva of 91.7% COVID-19 patients, with a median
viral load of 3.3 x 10° copies/ml [3]. SARS-CoV-2 RNA in
saliva from infected individuals has been found to be stable
at 4 °C, room temperature (~ 19 °C), and 30 °C for prolonged
periods [4]. Moreover, the detection rate of SARS-CoV-2
has been reported to be partially higher in saliva than naso-
pharyngeal swabs [5]. Thus, saliva can carry a risk of trans-
mission of COVID-19, either via direct contact or indirect
contact with contaminated objects. Since the beginning of
the pandemic, there has been a growing concern on the risk
of SARS-CoV-2 transmission in dental practice [6]. Dental
care professionals are exposed to aerosols from the oral cav-
ity of patients, which might be a potential hazard to auxiliary
staff and perhaps other patients [7]. According to the World
Economic Forum analysis, dental hygienists, dental assis-
tants and dentists are among the occupations with highest
COVID-19 risk [8]. Thus, besides stringent protection meas-
ures, reducing the salivary viral titers in COVID-19 patients
could be one of the key approaches to prevent transmission
of COVID-19, particularly in the dental settings.

The use of antiseptic mouth-rinsing has been suggested
as a pre-procedural infection control measure by interna-
tional as well as local health authorities. For instance, dur-
ing the early stage of COVID-19 pandemic, Chinese health
authorities recommended the use of povidone—iodine (PI)
and hydrogen peroxide-based mouth-rinses as a pre-proce-
dural preventive measure [9], while National Dental Centre
Singapore has advocated the use Cetylpyridinium chloride
(CPC) mouth-rinse. However, the foregoing recommen-
dations were not evidence-based as no clinical or in vitro
data are currently available on the effect of mouth-rinse
on SARS-CoV-2 concentration or viral load. The first case
report on efficacy of mouth-rinses in reducing the SARS-
CoV-2 viral load in the saliva was reported in Korea [10].
Subsequently, Martinez Lamas et al., 2020 in a case-series
of four patients suggested that PI mouth-rinse could reduce
the saliva viral load of SARS-CoV-2 in patients with higher
viral loads [11]. A recent in vitro study has shown the effi-
cacy virucidal activity of certain commercially available
mouth-rinses against SARS-CoV-2 [12]. Given that there
are no clinical trials in the literature that have examined the
efficacy of mouth-rinses to reduce the SARS-CoV-2 viral
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load in saliva, we evaluated the efficacy of three commer-
cially available mouth-rinses, namely PI, CHX and CPC, on
the salivary SARS-CoV-2 viral load in a cohort of SARS-
CoV-2-positive patients in Singapore.

Methods
Patient cohort

A total of 36 COVID-19 patients, whose nasal swabs were
positive for SARS-CoV-2 based on reverse-transcription
polymerase chain reaction (RT-PCR) assay, were recruited
from Singapore General Hospital (SGH) from June 2020
to August 2020. History of allergy to PI, CPC or CHX and
its relevant excipients, all forms of thyroid disease or cur-
rent radioactive iodine treatment, lithium therapy, known
pregnancy, and renal failure were considered as exclusion
criteria. Ethics approval was obtained from SingHealth
Centralized Institutional Review Board (CIRB Ref No:
2020/2537). The trial has been registered with ISRCTN
(ISRCTN95933274). All patients provided informed consent
upon recruitment in the study. The demographic character-
istics of the subjects are depicted in Table 1.

Sample collection

The enrolled patients were randomized using Robust
Randomization App (RRApp) using block randomization
technique [13] and were allocated to four groups accord-
ingly— PI, CHX, CPC and water control group. Prior
to saliva collection, patients were asked to refrain from
eating, drinking, or performing oral hygiene procedures
for at least 30 min. Three milliliters of saliva was col-
lected by passive drool technique from all the enrolled
COVID-19 patients at four time points as described pre-
viously [14]. First, baseline saliva sample was collected
prior to intervention of the mouth-rinse. Immediately after
this, patients were requested to rinse their mouth with the
allocated mouth-rinse for 30 s. Commercial mouth-rinses
were prepared at the dilution and dosage recommended
by respective manufacturers. In brief, PI group patients
rinsed their mouths with 5 ml of PI mouthwash (com-
mercially available as Betadine Gargle and Mouthwash
10 mg) diluted with 5 ml of water (0.5% w/v) whereas
the CHX group patients used 15 ml of undiluted CHX
mouthwash (commercially available as Pearly White
Chlor-Rinse, 0.2% w/v). The CPC group and water control
group patients rinsed their mouths with 20 ml of 0.075%
CPC (commercially available as Colgate Plax mouthwash)
and 15 ml sterile water, respectively. Three milliliters of
saliva were collected again from all subjects 5 min after
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Table 1 Demographic

e ; PI (n=4) CHX (n=6) CPC (n=4) Water (n=2)
characteristics of subjects
Age (years +SD) 40.7+11.5 43.6+8.6 35.7+8.5 36+14.1
Gender
Male 4 (100%) 6 (100%) 4 (100%) 1 (50%)
Female 0 (0%) 0 (0%) 0 (0%) 1 (50%)
Ethnicity
Indian 3 (75%) 4 (66.6%) 3 (75%) 2 (100%)
Chinese 0 (0%) 2(33.3%) 1 (25%) 0 (0%)
Others 1 (25%) 0 (0%) 0 (0%) 0 (0%)
Comorbidities
Present 1(75%) 1 (16.6%) 2 (50%) 1 (50%)
Absent 3 (25%) 5(83.3%) 2 (50%) 1 (50%)
Time lapse between COVID-19 diagno- 2.2+1.2 3.5+0.8 25+1.7 2+0

sis and sample collection (days + SD)

the use of mouth-rinse. To evaluate the duration of the
efficacy of mouth-rinses, salivary samples were collected
at the 3 h and 6 h post-rinsing using the methodology
described earlier [14].

RT-PCR assay for SARS-CoV-2

Collected salivary samples of COVID-19 patients were
immediately transported to the Molecular Laboratory,
Singapore General Hospital (SGH). The SGH Molecular
Laboratory performs routine diagnostic testing of COVID-
19 using a validated SARS-CoV-2 reverse-transcription
polymerase chain reaction (RT-PCR) assay. NUCLISENS
easyMAG was used to extract total nucleic acids from
200 pL of saliva following manufacturer’s protocol. The
in-house RT-PCR method used primers and probe from the
protocol by Corman V et al. 2020 released by the World
Health Organization (WHO) as well as Chu et al. 2020
protocol from the University of Hong Kong [15, 16]. This
assay involves a single-step RT-PCR targeting the E gene
of SARS-CoV-2. An internal spiked-in Bioline control
(Bioline RNA Extraction Control 670 Kit #B10-38040)
or bovine-diarrhea disease virus (BVDV) is added to the
assay prior to total nucleic acid extraction. These internal
controls serve as extraction and amplification control. A
run is considered valid if the positive control yields posi-
tive detection and negative controls remain negative. The
in-house assay was estimated to have a limit of detection
of 40.8 (95% confidence interval 30.3-104.7) E gene cop-
ies/reaction. We did not observe any inhibitory effect of
the antiseptics on the action of the polymerase in our sam-
ples. However, to exclude inhibition-related false-negative
result, for each test sample, the internal control spiked

during extraction process and Ct reading were within + 3
of run extraction control.

Data analysis

From the total of 36 SARS-CoV-2-positive recruits, saliva
from 16 patients were RT-PCR positive for SARS-CoV-2,
while saliva from 19 patients were RT-PCR negative and
hence were excluded from the study. In addition, one patient
was excluded due to non-compliance with study protocol.
Thus, a total of 16 subjects comprising of PI group (n=4),
CHX group (n=6), CPC group (n=4) and water as control
group (n=2) were analyzed in this study. A longitudinal
comparison of the absolute Ct values among all the time
point within each group was carried out using Analysis of
Variance, followed by post hoc tests to compare the differ-
ences between the groups. Relative fold change analysis was
carried out after transforming the data on a scale of 1-5.
Fold change was then estimated on the transformed data by
calculating the ratio between Ct values at each time point
versus the Ct value at baseline (at 0 min) for each patient
(Ctiimepoint Cloaseline)- The average fold change values thus
obtained at 5 min, 3 h and 6 h time points for each of the
mouth-rinse groups were compared with fold change value
at corresponding time points of water group patients using
Independent ¢ test. The p value threshold for significance
was set at < 0.05.

Results

The Ct values detected in all 16 patients were within the
range of 15.6-34.5, with a mean value of 27.7+4.8. The
mean Ct values for the three mouth-rinses and water control
group patients are depicted in Fig. 1. Whilst the trend looks
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Fig. 1 Cycle threshold (Ct) profile in saliva of SARS-CoV-2-positive patients treated with mouth-rinses. Dots represent Ct value for each
patient. Horizontal bar represents the mean value and vertical bar represents the 95% confidence interval

promising, no statistical differences were obtained in the
Ct values with regards to any time points in all the group
patients.

To compare the efficacy of the three mouth-rinses, first,
the fold change of Ct value at each time point with respect to
its baseline Ct value was estimated. Then, the fold changes
at 5 min, 3 h and 6 h in all the three mouth-rinse groups’
patients were compared with the Ct value fold change at the
respective time points of water group patients (Fig. 2). A
statistically significant increase in fold change of Ct value at
5 min (1) and 6 h (0.9) was observed post-rinsing with CPC
mouth-rinse compared to the water group patients (p <0.05).
Although the fold changes in Ct values were higher at 3 h
(0.9) in CPC group patients, no statistical significance was
achieved (p =0.20). Similarly, the PI group patients also
showed higher fold changes in Ct value post 5 min (1.1)
and 3 h (1.2) of post-rinsing, compared to the water group
patients. However, statistically significant increase in fold
change was obtained only at 6 h (1) post-rinsing with PI in
comparison with water (p <0.01). The CHX group patients
demonstrated a varied effect among saliva Ct values after
5-min rinsing and hence further studies with a larger sam-
ple size are required to determine its significance. Although
calculation of fold change is a mathematical means to iden-
tify the difference between of mouth-rinse groups compared
to water control group, it cannot be supported by the data
obtained in saliva Ct (Fig. 1). Nevertheless, the trends at 3 h
and 6 h post-rinsing with CHX were consistent with other
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mouthwashes. Ct values are considered inversely related to
viral load, and therefore, may serve as an indirect method
of arbitrarily quantifying the viral load in the sample [17].
Hence, it can be postulated that CPC mouth-rinse decreased
the salivary SARS-CoV-2 levels within 5 min of use, com-
pared to water rinsing. The effect size of decreasing salivary
load with CPC and PI mouth-rinsing was observed to be
sustained at 3-h and 6-h time points compared to the control
group patients.

Discussion

This is to our knowledge the first randomized clinical
study to examine the efficacy of commercial mouth-rinses
on SARS-CoV-2 viral load in COVID-19 patients. In fact,
only a single clinical trial is available in the literature
that has evaluated the effect of essential oil containing
mouth-rinses on Herpes simplex virus [18]. In the afore-
mentioned clinical trial, effectively zero recoverable viri-
ons were found at 30 s post-rinse and the reduction in
virus in saliva sustained significantly for 60 min, which
was the last time point recorded. Hence, despite limita-
tions, the present study will provide a novel insight on
the quantity of SARS-CoV-2 in saliva. This is especially
important as significant amounts of aerosols are generated
in a relatively closed setting during dental treatments [19].
Health authorities such as, Centres for Disease Control
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Fig.2 Relative fold change of Cycle threshold (Ct) values in mouth-
rinse and water group patients. The column size represents the mean
of fold change of Ct value at each time point with respect to its base-
line Ct value and the bars represents the standard deviation. Each

and Prevention (CDC) and Australian Dental Associa-
tion (ADA) have recommended the use of pre-procedural
mouth-rinses for dental treatment, even without robust
clinical evidence [20, 21]. Therefore, the present study
provides the much-needed evidence on the efficacy of
commercial mouth-rinses for salivary viral load reduction
in a group of COVID-19 patients in Singapore.

It was observed that CPC and PI mouth-rinses have sus-
tained effect in reducing viral load in saliva compared to
water control patients in our study (Fig. 2). Previously, CPC
has been shown to have antiviral activity against influenza
viruses in in vitro with a half maximal effective concen-
tration (EC50) of 5-20 pg/ml and in vivo, through direct
attack on the viral envelope [22]. The virucidal spectrum
of PI has been reported to be against both enveloped and
non-enveloped viruses [23]. An in vitro study has shown
the antiviral effectiveness of a 0.12% CHX mouth-rinse on
several viruses associated with the oral cavity [24]. Moreo-
ver, a recent in vitro study evaluated the virucidal activ-
ity of commercial mouth-rinses against SARS-CoV-2 [12].
This in vitro study found that three mouth-rinses containing
different active components, namely dequalinium chloride/
benzalkonium chloride, polyvidone-iodine and essential oil
could significantly reduce the SARS-CoV-2 viral load to
undetectable level. However, chlorhexidine-based mouth-
rinse failed to reduce the viral load significantly [12].
O’Donnell et al. (2020) also suggested that chlorhexidine

mouth-rinse group patients—povidone—iodine (PI), chlorhexidine
gluconate (CHX) and Cetylpyridinium chloride (CPC) were com-
pared with water group patients using Independent ¢ test. **Repre-
sents p<0.01 and *represents p <0.05.

could only weakly inactivate coronavirus strains [25]. In our
study, we observed highly varied efficacy of CHX mouth-
rinse on SARS-CoV-2 in saliva. Hence, we recommend
further studies to establish the clinical efficacy of CHX in
COVID-19 patients.

CPC is a quaternary ammonium compound which exerts
its antiviral effect through disruption of the viral lipid enve-
lope through physicochemical interactions. Coronaviruses
including SARS-CoV-2 are surrounded by lipid membrane
as envelop [26]. The spike glycoprotein responsible for
the infection is inserted into this lipid envelop. Therefore,
destruction of the lipid membrane by ethanol has been one
of the main infection control measurements against SARS-
CoV-2 transmission by hand disinfection. As CPC and PI
are able to destroy the lipid membrane of the SARS-CoV-2,
mouth-rinsing could be a safe, effective strategy to reduce
the viral transmission through oral route. Interestingly, pre-
vious randomized clinical trial has shown that oral topical
administration of ARMS-I, that contains CPC, was effective
in reducing severity and duration of upper respiratory tract
infections in patients infected with viruses such as influenza,
coronavirus or rhinovirus. [27].

It has been suggested that the angiotensin-converting
enzyme 2 (ACE2)-positive epithelial cells that line the sali-
vary gland ducts are early target cells of SARS-CoV and a
likely source of the virions found in patients’ saliva drop-
lets, especially early in infection [28]. Moreover, mucosa of

@ Springer



310

C. J. Seneviratne et al.

oral cavity could also express the ACE2 receptors and was
observed to be higher in tongue cells than other oral sites
[29]. Therefore, it is possible that oral epithelial cells may
also contain the virus and the virus-infected oral epithelial
cells may desquamate as a salivary component. Thus, it is
postulated that virucidal activity of mouth-rinses may col-
lectively reduce the viral presence in saliva as well as aero-
solised viral particles from the oral route.

Although the evidence of the current study is encour-
aging, several limitations should be noted. The study was
intended to recruit a larger cohort of COVID-19 patients
based on the sample size calculation. However, recruitment
was concluded after 36 patients due to drastic decrease in
COVID-19 cases by late August, 2020 in Singapore. Moreo-
ver, we were not able to detect SARS-CoV-2 in 19 of 36
saliva samples, which may be possibly due to the SARS-
CoV-2 variant with a 382-nucleotide deletion (A382)
detected in Singapore cases [30]. The availability of only
2—4 patients in each group may cause bias in the results and
the relevance of significant difference obtained with the such
small number of patients needs to be further confirmed. In
addition, inter-individual variation can also account for the
varied Ct values. While the SARS-CoV-2 RT-PCR employed
in this study was performed using a standardized protocol to
enable viral load estimation, the assay was not designed to
be a quantitative test. Moreover, the current testing method
(RT-PCR) has the limitation of not being able to determine
the viability of viruses. Given the difficulties in culturing
SARS-CoV-2 virus from clinical specimens, using viral
RNA load as a surrogate remains plausible at this moment
[31]. Therefore, more studies are warranted with a larger
sample size and viral culture to arrive at a definitive conclu-
sion on the efficacy of mouth-rinses on the SARS-CoV-2
viral load in saliva. In addition, a homogenized population
should be analyzed so as to delineate severe form of COVID-
19 cases from asymptomatic cases. This would provide us
information on the efficacy of mouth-rinses on the severity
of disease and whether any modification in dosages or con-
centration of mouth-rinses can circumvent the issues, if any.

Conclusions

Within the limitations of the present study, it can be postu-
lated that CPC and PI formulated commercial mouth-rinses
may have a sustained effect on reducing the salivary SARS-
CoV-2 level in COVID-19 patients. These mouth-rinses
could be a useful pre-procedural transmission reduction
strategy in clinical dental settings, where aerosol generation
is unavoidable. Also in asymptomatic COVID-19 patients,
the routine use of antiseptic mouth-rinsing could be a cost
effective approach in reducing viral outspread, with poten-
tially low health risk. Considering that mouth-rinses are
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available over the counter, it holds potential as a strategy
with high public health impact to minimize the transmission
of SARS-CoV-2 through oral route. However, it is impor-
tant to mention that our study advocate the use of surgical
masks as a control measure. In addition, during any aerosol-
generating procedures in dental clinic, it is necessary to don
appropriate personal protection equipment, use four-handed
dentistry, high evacuation suction and dental dams to mini-
mize droplet spatter and aerosols.

Author contributions CIJS, PB, KKKK, and JSXY contributed to con-
ception, design, data acquisition and interpretation, drafted and criti-
cally revised the manuscript. NU, DL, DNHL, IV and GBT contrib-
uted to design and data acquisition, drafted and critically revised the
manuscript. JLKS, LML, and LO contributed to data acquisition and
interpretation, drafted and critically revised the manuscript. All the
authors read and approved the final manuscript.

Funding This study was supported by the NMRC Centre Grant Seed
Funding Program, National Dental Centre Singapore (NDCS) Research
fund (133/20) and National Dental Research Institute Singapore
(NDRIS) fund (11/FY2019/G1/02-A44) to CJS.

Availability of data and materials The dataset used in the study is avail-
able from the corresponding author on reasonable request.

Compliance with ethical standards

Conflict of interest The authors declare no potential conflict of interest
with respect to the authorship and/or publication of this article.

Ethics approval Ethics approval was obtained from SingHealth Cen-
tralized Institutional Review Board (CIRB Ref No: 2020/2537).

Consent to participate. All the patients provided informed consent upon
recruitment in the study.

Consent for publication All the authors have provided consent for
publication.

References

1. Worldometer. Coronavirus Cases. 2020. https://www.worldomete
rs.info/coronavirus/coronavirus-cases/?fbclid=IwAR2w6eAL
-6QTYO0Iqv-KTr2kalY__t7d720W{fKoOfEA90O-ZpVIRWWEE
skfl. Accessed August 31 2020.

2. Wu Y-C, Chen C-S, Chan Y-J. The outbreak of COVID-19:
an overview. J Chin Med Assoc. 2020;83:217-20. https://doi.
org/10.1097/JCMA.0000000000000270.

3. To KK-W, Tsang OT-Y, Chik-Yan Yip C, Chan K-H, Wu T-C,
Chan JMC, et al. Consistent detection of 2019 novel coronavirus
in saliva. Clin Infect Dis. 2020;71:841-3. https://doi.org/10.1093/
cid/ciaal49.

4. Ott IM, Strine MS, Watkins AE, Boot M, Kalinich CC,
Harden CA, et al. Simply saliva: stability of SARS-CoV-2
detection negates the need for expensive collection devices.
medRxiv: The Preprint Server For Health Sci. 2020. https://doi.
org/10.1101/2020.08.03.20165233.

5. Wyllie AL, Fournier J, Casanovas-Massana A, Campbell M,
Tokuyama M, Vijayakumar P, et al. Saliva or nasopharyngeal


https://www.worldometers.info/coronavirus/coronavirus-cases/?fbclid=IwAR2w6eAL-6QTY0lqv-KTr2ka1Y__t7d720WfKoOfEA9O-ZpVfRWWEhEskfI
https://www.worldometers.info/coronavirus/coronavirus-cases/?fbclid=IwAR2w6eAL-6QTY0lqv-KTr2ka1Y__t7d720WfKoOfEA9O-ZpVfRWWEhEskfI
https://www.worldometers.info/coronavirus/coronavirus-cases/?fbclid=IwAR2w6eAL-6QTY0lqv-KTr2ka1Y__t7d720WfKoOfEA9O-ZpVfRWWEhEskfI
https://www.worldometers.info/coronavirus/coronavirus-cases/?fbclid=IwAR2w6eAL-6QTY0lqv-KTr2ka1Y__t7d720WfKoOfEA9O-ZpVfRWWEhEskfI
https://doi.org/10.1097/JCMA.0000000000000270
https://doi.org/10.1097/JCMA.0000000000000270
https://doi.org/10.1093/cid/ciaa149
https://doi.org/10.1093/cid/ciaa149
https://doi.org/10.1101/2020.08.03.20165233
https://doi.org/10.1101/2020.08.03.20165233

Efficacy of commercial mouth-rinses on SARS-CoV-2 viral load in saliva: randomized control... 31

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

swab specimens for detection of SARS-CoV-2. N Engl ] Med.
2020;383:1283-6. https://doi.org/10.1056/NEJMc2016359.
Meng L, Hua F, Bian Z. Coronavirus Disease 2019 (COVID-19):
emerging and future challenges for dental and oral medicine. J
Dent Res. 2020;99:481-7. https://doi.org/10.1177/0022034520
914246.

Izzetti R, Nisi M, Gabriele M, Graziani F. COVID-19 transmis-
sion in dental practice: brief review of preventive measures in
Italy. J Dent Res. 2020;99:1030-8. https://doi.org/10.1177/00220
34520920580.

Lu M. These are the occupations with the highest COVID-19 risk.
In: World Economic Forum. 20 April 2020. https://www.wefor
um.org/agenda/2020/04/occupations-highest-covid19-risk/.
Peng X, Xu X, Li Y, Cheng L, Zhou X, Ren B. Transmission
routes of 2019-nCoV and controls in dental practice. Int J Oral
Sci. 2020;12:9. https://doi.org/10.1038/s41368-020-0075-9.
Yoon JG, Yoon J, Song JY, Yoon SY, Lim CS, Seong H, et al.
Clinical significance of a high SARS-CoV-2 viral load in the
saliva. J Korean Med Sci. 2020;35:e195. https://doi.org/10.3346/
jkms.2020.35.e195.

Martinez Lamas L, Diz Dios P, Pérez Rodriguez MT, Del Campo
PV, Cabrera Alvargonzalez JJ, Lopez Dominguez AM, et al. Is
povidone iodine mouthwash effective against SARS-CoV-2? First
in vivo tests Oral Dis. 2020. https://doi.org/10.1111/0di.13526.
Meister TL, Briiggemann Y, Todt D, Conzelmann C, Miiller JA,
Grof} R, et al. Virucidal efficacy of different oral rinses against
severe acute respiratory syndrome coronavirus 2. J Infect Dis.
2020;222:1289-92. https://doi.org/10.1093/infdis/jiaa471.

Tu C, Benn EKT. RRApp, a robust randomization app, for clinical
and translational research. J Clin Transl Sci. 2017;1:323-7. https
://doi.org/10.1017/cts.2017.310.

Azzi L, Carcano G, Gianfagna F, Grossi P, Gasperina DD, Genoni
A, et al. Saliva is a reliable tool to detect SARS-CoV-2. J Infect.
2020;81:e45-50. https://doi.org/10.1016/j.jinf.2020.04.005.
Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu
DK, et al. Detection of 2019 novel coronavirus (2019-nCoV) by
real-time RT-PCR. Euro Surveill. 2020;25:2000045. https://doi.
org/10.2807/1560-7917.ES.2020.25.3.2000045.

Chu DKW, Pan Y, Cheng SMS, Hui KPY, Krishnan P, Liu Y, et al.
Molecular diagnosis of a novel coronavirus (2019-nCoV) causing
an outbreak of pneumonia. Clin Chem. 2020;66:549-55. https://
doi.org/10.1093/clinchem/hvaa029.

. Rao SN, Manissero D, Steele VR, Pareja J. A systematic review

of the clinical utility of cycle threshold values in the context
of COVID-19. Infect Dis The. 2020;9:573-86. https://doi.
org/10.1007/540121-020-00324-3.

Meiller TF, Silva A, Ferreira SM, Jabra-Rizk MA, Kelley JI,
DePaola LG. Efficacy of listerine antiseptic in reducing viral con-
tamination of saliva. J Clin Periodontol. 2005;32:341-6. https://
doi.org/10.1111/5.1600-051X.2005.00673.x.

Ge Z-Y, Yang L-M, XiaJ-J, Fu X-H, Zhang Y-Z. Possible aerosol
transmission of COVID-19 and special precautions in dentistry.
J Zhejiang Univ Sci B. 2020;21:361-8. https://doi.org/10.1631/
jzus.B2010010.

CDC. Guidance for dental settings. Interim infection prevention
and control guidance for dental settings during the coronavirus

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

disease 2019 (COVID-19) pandemic. In: Healthcare Workers.
Center for Disease Control and Prevention 2020. https://www.cdc.
gov/coronavirus/2019-ncov/hcp/dental-settings.html. Accessed 29
August 2020.

ADA. Australian Dental Association, ADA COVID-19 Risk man-
agement guidance. 2020. https://www.ada.org.au/Covid-19-Porta
I/Files/pdf/COVID-19-Risk-Management-Guidance.aspx. Last
updated 4 August 2020.

Popkin DL, Zilka S, Dimaano M, Fujioka H, Rackley C, Salata R,
et al. Cetylpyridinium chloride (CPC) exhibits potent, rapid activ-
ity against influenza viruses in vitro and in vivo. Pathog Immun.
2017;2:252-69. https://doi.org/10.20411/pai.v2i2.200.

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 (Basel,
Switzerland). 1997;195:29-35. https://doi.org/10.1159/00024
6027.

Bernstein D, Schiff G, Echler G, Prince A, Feller M, Briner
W. In vitro virucidal effectiveness of a 0.12%-chlorhexidine
gluconate mouthrinse. J Dent Res. 1990;69:874—-6. https://doi.
org/10.1177/00220345900690030901.

O’Donnell VB, Thomas D, Stanton R, Maillard J-Y, Murphy RC,
Jones SA, et al. Potential role of oral rinses targeting the viral lipid
envelope in SARS-CoV-2 infection. Function. 2020. https://doi.
org/10.1093/function/zqaa002.

Alexander E, Gorbalenya SCB, Baric RS, de Groot RJ, Drosten
C, Gulyaeva AA, Haagmans BL, et al. The species severe acute
respiratory syndrome-related coronavirus: classifying 2019-nCoV
and naming it SARS-CoV-2. Nat microbiol. 2020;5:536—44. https
://doi.org/10.1038/s41564-020-0695-z.

Mukherjee PK, Esper F, Buchheit K, Arters K, Adkins I, Ghan-
noum MA, et al. Randomized, double-blind, placebo-controlled
clinical trial to assess the safety and effectiveness of a novel dual-
action oral topical formulation against upper respiratory infec-
tions. BMC Infect Dis. 2017;17:74. https://doi.org/10.1186/s1287
9-016-2177-8.

Liu L, Wei Q, Alvarez X, Wang H, Du Y, Zhu H, et al. Epithelial
cells lining salivary gland ducts are early target cells of severe
acute respiratory syndrome coronavirus infection in the upper
respiratory tracts of rhesus macaques. J Virol. 2011;85:4025-30.
https://doi.org/10.1128/JV1.02292-10.

Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High
expression of ACE2 receptor of 2019-nCoV on the epithelial cells
of oral mucosa. IntJ Oral Sci. 2020;12:8. https://doi.org/10.1038/
$41368-020-0074-x.

Young BE, Fong SW, Chan YH, Mak TM, Ang LW, Anderson DE,
et al. Effects of a major deletion in the SARS-CoV-2 genome on
the severity of infection and the inflammatory response: an obser-
vational cohort study. Lancet (London, England). 2020;396:603—
11. https://doi.org/10.1016/s0140-6736(20)31757-8.

Joynt GM, Wu WK. Understanding COVID-19: what does viral
RNA load really mean? Lancet Infect Dis. 2020. https://doi.
org/10.1016/s1473-3099(20)30237-1.

@ Springer


https://doi.org/10.1056/NEJMc2016359
https://doi.org/10.1177/0022034520914246
https://doi.org/10.1177/0022034520914246
https://doi.org/10.1177/0022034520920580
https://doi.org/10.1177/0022034520920580
https://www.weforum.org/agenda/2020/04/occupations-highest-covid19-risk/
https://www.weforum.org/agenda/2020/04/occupations-highest-covid19-risk/
https://doi.org/10.1038/s41368-020-0075-9
https://doi.org/10.3346/jkms.2020.35.e195
https://doi.org/10.3346/jkms.2020.35.e195
https://doi.org/10.1111/odi.13526
https://doi.org/10.1093/infdis/jiaa471
https://doi.org/10.1017/cts.2017.310
https://doi.org/10.1017/cts.2017.310
https://doi.org/10.1016/j.jinf.2020.04.005
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.1093/clinchem/hvaa029
https://doi.org/10.1093/clinchem/hvaa029
https://doi.org/10.1007/s40121-020-00324-3
https://doi.org/10.1007/s40121-020-00324-3
https://doi.org/10.1111/j.1600-051X.2005.00673.x
https://doi.org/10.1111/j.1600-051X.2005.00673.x
https://doi.org/10.1631/jzus.B2010010
https://doi.org/10.1631/jzus.B2010010
https://www.cdc.gov/coronavirus/2019-ncov/hcp/dental-settings.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/dental-settings.html
https://www.ada.org.au/Covid-19-Portal/Files/pdf/COVID-19-Risk-Management-Guidance.aspx
https://www.ada.org.au/Covid-19-Portal/Files/pdf/COVID-19-Risk-Management-Guidance.aspx
https://doi.org/10.20411/pai.v2i2.200
https://doi.org/10.1159/000246027
https://doi.org/10.1159/000246027
https://doi.org/10.1177/00220345900690030901
https://doi.org/10.1177/00220345900690030901
https://doi.org/10.1093/function/zqaa002
https://doi.org/10.1093/function/zqaa002
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1038/s41564-020-0695-z
https://doi.org/10.1186/s12879-016-2177-8
https://doi.org/10.1186/s12879-016-2177-8
https://doi.org/10.1128/JVI.02292-10
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.1016/s0140-6736(20)31757-8
https://doi.org/10.1016/s1473-3099(20)30237-1
https://doi.org/10.1016/s1473-3099(20)30237-1

	Efficacy of commercial mouth-rinses on SARS-CoV-2 viral load in saliva: randomized control trial in Singapore
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient cohort
	Sample collection
	RT-PCR assay for SARS-CoV-2
	Data analysis

	Results
	Discussion
	Conclusions
	References




