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Abstract

Aim: Aerosols released from the oral cavity help spread the SARS-CoV-2 virus. The

use of a mouthwash formulated with an antiviral agent could reduce the viral load in

saliva, helping to lower the spread of the virus. The aim of this study was to assess

the efficacy of a mouthwash with 0.07% cetylpyridinium chloride (CPC) to reduce

the viral load in the saliva of Coronavirus disease 2019 (COVID-19) patients.

Materials and Methods: In this multi-centre, single-blind, randomized, parallel group

clinical trial, 80 COVID-19 patients were enrolled and randomized to two groups,

namely test (n = 40) and placebo (n = 40). Saliva samples were collected at baseline

and 2 h after rinsing. The samples were analysed by reverse transcription-

quantitative polymerase chain reaction (RT-qPCR) and an enzyme-linked immunosor-

bent assay test specific for the nucleocapsid (N) protein of SARS-CoV-2.

Results: With RT-qPCR, no significant differences were observed between the placebo

group and the test group. However, 2 h after a single rinse, N protein concentration in

saliva was significantly higher in the test group, indicating an increase in lysed virus.

Conclusions: The use of 0.07% CPC mouthwash induced a significant increase in N

protein detection in the saliva of COVID-19 patients. Lysis of the virus in the mouth

could help reduce the transmission of SARS-CoV-2. However, more studies are

required to prove this.
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Scientific rationale for study: The oral cavity is one of the main entry routes for SARS-CoV-2 and

represents a key site for replication and increase in viral load before colonization of the lower

airways. This study evaluated the efficacy of cetylpyridinium chloride (CPC) mouthwashes in

viral reduction in the mouth of COVID-19 positive patients.

Principal findings: This study demonstrated SARS-CoV-2 lysis in the saliva of COVID-19 patients

2 h after the administration of a single dose of CPC mouthwash.

Practical implications: This study highlights the importance of rinsing with CPC during dental pro-

cedures as a protective measure for professionals and patients and presents an additional strat-

egy of protection for the general population.

1 | INTRODUCTION

The World Health Organization (WHO) has declared the outbreak of

Coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2

virus, to be a public health emergency of international concern. Most

people affected by this disease have mild symptoms associated with

the upper-middle respiratory tract. However, a significant number of

individuals experience more severe symptoms associated with the

lower respiratory tract, including severe pneumonia with symptoms of

hypoxia, acute respiratory distress syndrome, and death. In both

cases, the upper respiratory tract plays a fundamental role, as it is the

route of entry and initial replication of the virus and the area from

which it spreads to the different areas of the body, without forgetting

that it constitutes the main source of spread of SARS-CoV-2, prompt-

ing person-to-person transmission (Madas et al., 2020; Coleman

et al., 2021; Wang et al., 2021). For these reasons, the role the oral

cavity plays in SARS-CoV-2 infection has been studied. Two funda-

mental factors for SARS-CoV-2 infection are the host proteins ACE-2

and TMPRSS2; the tissues that harbour these proteins would more

likely be infected. Xu, Li, et al. (2020) and Xu, Zhong, et al. (2020)

showed that the levels of ACE-2 expression in the tissues of the oral

cavity are elevated, being higher in the lingual region. Moreover, anal-

ysis of the co-expression of ACE-2 and TMPRSS2 together via in situ

hybridization studies has shown that SARS-CoV-2 has strong tropism

for most oral tissues, especially acini and ducts of the minor salivary

glands, which could act as true reservoirs of the virus; this explains

the contamination of and high viral load in saliva in the vast majority

of infected individuals. In their study, Huang et al. (2021) considered

the possibility that the mouth may be more important than the nose

at the time of infection.

Like all coronaviruses, SARS-CoV-2 has a lipid envelope. This

membrane contains three structural proteins, namely the spike (S),

membrane (M), and envelope (E), which fulfil the fundamental func-

tions for entry of the virus into the cell, for its morphogenesis, and

assembly of the viral particle (Hartenian et al., 2020; Satarker &

Nampoothiri, 2020).

SARS-CoV-2 vaccines are among the main measures to mitigate

this pandemic. Designed with different strategies, most of them are

directed against the protein S of the virus. Although they reduce the

probability of hospitalization and death from COVID-19, this strategy

is not totally effective since it does not prevent contagion, its effec-

tiveness decreases over time, and there are considerable concerns

regarding its efficacy against future variants of the virus (Bian

et al., 2021; Tartof et al., 2021). For these reasons, possible measures

that reduce the viral load in the oral cavity could help reduce viral

transmission (Burton et al., 2020; Herrera et al., 2020; O'Donnell

et al., 2020). One of the molecules that has the greatest evidence of

antiviral activity, and which is found in mouthwashes, is cetylpyridi-

nium chloride (CPC; Popkin et al., 2017; Shen et al., 2019). In addition,

several in vitro studies have shown that this molecule has strong anti-

SARS-CoV-2 activity (Komine et al., 2021; Muñoz-Basagoiti

et al., 2021).

As described previously, the aim of this study was to determine

the effect of CPC on SARS-CoV-2 viral load in the saliva of

COVID-19 patients.

2 | MATERIALS AND METHODS

2.1 | Study design

This study was designed as a multi-centre, randomized, evaluator-

masked, placebo-controlled, single dose, two-arm, parallel-group

clinical trial. Approval of the study was granted by the Clinical

Research Ethics Committee of Aragon (CEICA), under Protocol Code

CPC01-C.I. EC20/0092. The trial was registered on the ClinicalTrials.

gov platform under reference no. NCT04820803.

2.2 | Patient cohort and sample size calculation

All individuals who presented mild and medium symptoms of COVID-19

with fewer than 3 days of evolution and tested positive to an antigen

test (Panbio COVID-19 Ag Rapid Test Device, Abbot Laboratory)

were invited to participate in the study. Individuals who were asymp-

tomatic or with more than 3 days of COVID-19 symptoms were

excluded. Patients with physical or cognitive problems unable to con-

duct the mouthwashing technique, pregnant and nursing women, or

individuals requiring hospitalization were also excluded. Patients with

hyposialia, those who used toothpastes containing CPC, those who
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had an allergy to the mouthwashes, or those who had used mouth-

washes in the last few months were also not included. All patients

signed an informed consent form before being enrolled in the study.

As no preliminary data were found at study initiation on the

effect of mouthrinses on COVID-19 patients, a standardized effect

size was used for power analysis. We aimed to detect a large, clinically

relevant effect size with a Cohen's d of 0.8. A power analysis using

the two-tailed student's t-test, Bonferroni corrected, with an α of .05,

a power of 0.8, and a possible loss ratio of 20% was performed. From

this analysis, it was found that 40 patients in each group would be

required (Cohen, 1988).

2.3 | Randomization and masking

Assignment of the products to the subjects was carried out following

the order established in a random sequence generated through

EXCEL software (Microsoft Corporation) by a DENTAID Research

Center investigator. This investigator was not involved in the

recruitment of patients, in the clinical procedures, or in the evalua-

tion of the response variable. Each patient was assigned a number

(1 or 2) corresponding to each of the study groups (placebo group or

test group).

The assignment sequence was enclosed in opaque envelopes

marked with the number of each patient. These envelopes were

opened only after the screening and inclusion of each patient in the

study, after collecting the first saliva sample and just before rinsing.

A second replica of the entire pack of randomization envelopes was

sent to the Principal Investigator for safekeeping. These envelopes

were to be opened only if any of the patients presented an adverse

event over the duration of the study in order to know the product

supplied.

2.4 | Execution of the study

Two non-stimulated saliva samples were taken from each patient. The

first saliva sample (baseline) was taken at the primary healthcare cen-

tre under the supervision of the dental hygienist or nurse. All the

selected patients had not eaten, drunk, or performed any oral hygiene

procedure at least 1 h before the collection of the baseline sample.

Then, and also at the primary healthcare centre, patients performed a

1-min rinse with 15 ml of a mouthwash containing 0.07% CPC (Vitis

CPC Protect, Dentaid SL) or with a placebo mouthwash not containing

CPC but with the same colour as the test product. All patients

received verbal and written instructions to perform self-collection of

the second saliva sample at home, 2 h after rinsing. In addition,

patients were asked to refrain from eating food or performing any oral

hygiene procedure between the rinse and the second saliva sample

collection.

All saliva samples, duly labelled, were kept at 4�C and transferred

in biological containers to the Microbiology Laboratory at the Lozano

Blesa Clinical University Hospital (Zaragoza, Spain).

2.5 | Study outcome

The primary endpoint of this study was the variation of the viral load,

detected by means of reverse transcription-quantitative polymerase

chain reaction (RT-qPCR) in the saliva of COVID-19 patients, after

having rinsed with a mouthwash containing 0.07% CPC or with the

placebo. Cycle threshold (Ct) values were used to reflect SARS-CoV-2

viral load (Wyllie et al., 2020).

The secondary endpoint used was the concentration of the N pro-

tein (nucleocapsid protein of the SARS-CoV-2 virus) in the saliva of

COVID-19 patients before and after using the mouthwash or the pla-

cebo. CPC inactivates SARS-CoV-2 by degrading its membrane

(Muñoz-Basagoiti et al., 2021; Bañ�o-Polo et al., 2022) and exposing the

nucleocapsid of the virus, which allows the said protein to be detected

by specific antibodies present in an enzyme-linked immunosorbent

assay (ELISA) kit. The increase in the colorimetric signal compared to

baseline reflects the increase in the N protein and would indicate that

the viral envelope has been degraded (Muñoz-Basagoiti et al., 2021).

2.6 | RT-qPCR for SARS-CoV-2 viral load
determination

The saliva samples were transferred to the Microbiology Laboratory at

the Lozano Blesa Clinical University Hospital (Zaragoza, Spain) for the

RT-qPCR analysis (VIASURE SARS-CoV-2 Real Time PCR Detection Kit,

CerTest Biotec SL, Spain), using the DTlite Real-Time PCR instrument

(England, 2020). The targets of this test are ORF1ab and N genes of the

SARS-CoV-2 virus. Nucleic acid was extracted with the automated

magLEAD 12GC system with MagDEA Dx SV (Precision System Sci-

ence Co., Japan). Fifty microlitres of the eluate was obtained from

200 μl of the original sample, following the manufacturer's protocol.

The samples obtained were processed at the same time and by two cali-

brated researchers to avoid factors that could alter the Ct value.

2.7 | ELISA assay for determination of N protein
concentration

The samples were processed with the ELISA technique at the Centre

for Bioimaging and Comparative Medicine of the Hospital Germans

Trials i Pujol de Badalona (Barcelona, Spain). The biological biosafety

committee of the Germans Trias i Pujol Research Institute and the

CEICA approved the execution of experiments at the BSL3 laboratory

of the Centre for Bioimaging and Comparative Medicine. Saliva sam-

ples were centrifuged at 10,000g for 5 min, and 100–200 μl of the

supernatants was added to a SARS-CoV-2 nucleocapsid protein high-

sensitivity quantitative ELISA system (ImmunoDiagnostics). ELISA was

performed according to the manufacturer's protocol replacing the

assay buffer of the kit, which contains the lytic agent, to lyse viral

membranes for phosphate-buffer saline (PBS) containing 0.1% of

bovine serum albumin (BSA). The samples from each individual were

always assayed in the same ELISA plate.
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2.8 | Statistical analysis

Qualitative variables are shown with the distribution of frequencies of

each category. For quantitative variables, we explored whether they

followed normal distribution with a Shapiro–Wilk test, and central

tendency indicators (mean and median) and dispersion indicators

(standard deviation and interquartile range) are provided.

For the analytical phase, the association between factors and

the group was studied by means of hypothesis testing, comparing

proportions when they both were qualitative (chi-square, Fisher's

exact test), and comparing the means when one of them was

quantitative (Student's t-test if distribution was normal; other-

wise, Mann–Whitney–Wilcoxon test). To study the association

between before and after treatment, tests for paired testing

were applied (Student's t-test if distribution was normal; other-

wise, Wilcoxon test). Effect size was calculated with Cohen's

d statistic in each group (placebo and test) (Cohen, 1988). A p-

value of <.05 was established as the significance level, and the

tests were conducted as two-tailed. The entire statistical analysis

was conducted with the Jamovi program (version 1.8) (The Jamovi

Project, 2021).

3 | RESULTS

3.1 | Patients and recruitment

Patient recruitment was carried out between the months of

February and April 2021 at the Seminario, San José, and Sagasta

Primary Healthcare Centers in Zaragoza, Spain. A total of

80 patients were selected (40 for the placebo group and 40 for the

test group). The patients included both men (60%) and women

with a mean age of 48.6 years, the youngest being 18 and the

oldest 80 (Table 1). No significant differences in the distribution of

demographic variables were observed between the patients of the

placebo group and those of the test group (Age, p = .83; gen-

der, p = 1.0).

3.2 | RT-qPCR for SARS-CoV-2 viral load
determination

The range of Ct values obtained was 13.7–35.3, with a mean of

22.69 ± 4.46 for ORF1ab and 25.87 ± 3.56 for the N protein.

The means of the Ct values for both groups—placebo and test—

are described in Table 2. At baseline, the Ct values obtained for both

target sequences used in RT-qPCR did not present statistically signifi-

cant differences when comparing the placebo group and the test

group (p = .477 and .140, respectively) (Table 2). This indicates that,

in terms of this variable, there were no deviations in the random for-

mation of the groups. Similarly, 2 h after mouthwash use, no signifi-

cant differences in Ct levels were observed between ORF1ab

(p = .871) and the N gene (p = .961) compared to baseline in the two

patient groups Table 2.

3.3 | ELISA test for determination of protein N
concentration

N protein concentrations in patient samples were determined by the

ELISA test. The values at baseline and 2 h after rinsing are shown in

Figure 1. Since the distribution of the data was not normal, non-

parametric tests were used (Mann–Whitney–Wilcoxon and Wilcoxon).

The medians and IQRs are shown in Table 3. No significant differences

between the placebo group and the test group were observed at base-

line (p = .39). After rinsing, the placebo group presented an increase in

protein N concentration (p = .04). Likewise, the increase in protein con-

centration in the test group was significantly higher than baseline

(p = .003). The protein N concentration 2 h after rinsing was signifi-

cantly higher in the test group than in the placebo group (p = .038). The

estimation of the effect size, according to Cohen's recommendations,

indicates that the effect size in the placebo group was medium (Cohen's

d = 0.5). However, we point out that in the test group the effect of rins-

ing on protein concentration was large (Cohen's d = 0.7).

TABLE 1 Characteristics of the patient population

Group n Gender (female/male) Age (years) (mean [SD])

Test 40 16/24 48.2 (14.1)

Placebo 40 16/24 49.1 (19.4)

p-Value 1.0 0.83

TABLE 2 Mean and standard
deviation (SD) of pre- and post-rinse

cycle threshold (Ct) values in the placebo
group and the test group

Placebo (n = 40) Test (n = 39)a
Placebo vs. test

Mean SD Mean SD p-value

ORF1ab Baseline 22.82 5.04 22.56 3.85 .477

2 h 22.71 5.08 22.59 3.19 .669

Baseline vs. 2 h p = .861 p = .994

N gene Baseline 26.45 3.44 25.27 3.63 .140

2 h 26.22 3.37 25.30 3.00 .204

Baseline vs. 2 h p = .871 p = .961

aOne of the patients did not return a conclusive result in reverse transcription-quantitative polymerase

chain reaction test.
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4 | DISCUSSION

This single-blind, randomized controlled trial demonstrated that 2 h

after rinsing for 1 min with a mouthwash containing CPC the detection

of the N protein of the SARS-CoV-2 virus increased considerably in

the saliva of patients diagnosed with COVID-19 (p = .003). In addition,

this increase was significantly higher in the test group than in the pla-

cebo group (p = .038). The mechanism by which CPC inactivates the

enveloped viruses, including SARS-CoV-2, is through the disruption of

the lipid membrane that covers these viruses (Popkin et al., 2017;

Muñoz-Basagoiti et al., 2021; Bañ�o-Polo et al., 2022). Muñoz-Basagoiti

et al. demonstrated in vitro that, once the lipid membrane is degraded

by the action of CPC, the viral capsid, mainly consisting of the N pro-

tein, is exposed and can be detected by specific antibodies using the

ELISA test. The authors associated the increase in the N protein with a

decrease in the infectivity of the virus (Muñoz-Basagoiti et al., 2021).

In the present study, the real-time RT-qPCR technique did not

allow us to observe significant differences between the viral load of

patients who used the placebo mouthwash and those who used the

mouthwash with 0.07% CPC. This finding is contradictory because dif-

ferent in vitro studies have shown a potent antiviral activity of CPC

against SARS-CoV-2 and other enveloped viruses. Popkin et al. showed

that low concentrations of CPC (IC50 = 6 μg/ml) could inactivate differ-

ent strains of the influenza virus. In addition, a spray formulated with

this antiseptic decreased the morbidity and mortality in mice infected

with a modified strain of influenza A virus subtype H1N1 (Popkin

et al., 2017). Moreover, Shen et al. (2019) reported a potent inhibitory

effect on three coronaviruses that infect humans. Recently, low con-

centrations of CPC (IC50 = 0.62 ± 0.05 μM) were shown, by culture, to

inhibit the cytopathogenic effect caused by SARS-CoV-2 in Caco-2 cells

(Ellinger et al., 2021). The latest studies published show, using cell cul-

tures, how some mouthwashes formulated with this molecule inhibit

the infectivity of this coronavirus by four or more orders of magnitude

(Meyers et al., 2021; Muñoz-Basagoiti et al., 2021).

Ct values have been used during the current pandemic as an indi-

rect measurement of viral load. However, by using RT-qPCR, important

biological aspects of coronaviruses were not assessed, possibly resulting

in (i) an overestimation of the viral load, (ii) the detection of false nega-

tives, and (iii) not being able to distinguish between viable and non-

viable viral particles (Michalakis et al., 2021; Shah et al., 2021). This

would explain why in this study the RT-qPCR technique did not differ-

entiate between the placebo group and the test group, which was also

observed in the clinical study by Ferrer et al. (2021). The detection of

RNA from non-viable viral particles by RT-qPCR is supported by studies

in which patient faecal and nasopharyngeal samples continue to test

positive for this virus more than 40 days after symptom resolution

(Ikegami et al., 2020; Xu, Li, et al., 2020; Xu, Zhong, et al., 2020).

The use of the ELISA technique in the present study allowed us

to observe a significant effect of CPC on the virus present in the oral

cavity. However, the values of the N protein obtained showed a large

dispersion with a high variation in the inter-individual response. This

could be explained by the different physiological conditions of the

patients at the time the samples were taken. In addition, an increase

was observed in the detection of the N protein in the saliva of the pla-

cebo group (compared to baseline). The flushing and shear forces dur-

ing rinsing probably helped in releasing the virus from the oral mucosa

and other tissues, also affecting the integrity of the viral envelope

(Prada-L�opez et al., 2015). It should be noted that both the substantial

inter-individual variation and the increase in viral load in the placebo

group were also reported by Ferrer et al. (2021).

This clinical study has some limitations. First of all, at the time of

study initiation there was no information regarding similar studies, and

therefore we were guided by the epidemiological results obtained by RT-

qPCR, and we used the Cohen recommendations to estimate the sample

size (Cohen, 1988). However, in the end, we were able to observe signifi-

cant differences only through the ELISA test and, according to our

results, it would probably have been necessary to include a larger num-

ber of patients to use a test that requires greater standardization. Sec-

ond, performing the RT-qPCR and the ELISA test prevented us from

having the amount of saliva necessary to try to demonstrate the effect

of the mouthwash on the viral load by means of culture. In this regard, it

F IGURE 1 Box plot representation of the concentration of the N
protein of the nucleocapsid in the saliva of the patients before and
after rinsing with the placebo or the cetylpyridinium chloride
mouthwash. Protein concentration is represented in pg/ml. [Colour
figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Median and interquartile range (IQR) of nucleocapsid
protein concentration in saliva pre and post treatment

Placebo

group n = 40

Test

group n = 39a

p-valuebMedian IQ Median IQ

Baseline 27.95 87.76 70.46 146.99 .394

2 h 87.76 156.02 143.50 326.25 .038

Baseline

vs. 2 hc
0.012 0.0034

Note: Protein concentration in in pg/ml.
aOne of the patients did not give enough saliva for enzyme-linked

immunosorbent assay test.
bMann–Whitney–Wilcoxon.
cWilcoxon.
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should be noted that to carry out infectivity studies, viral loads of greater

than 106 copies/ml are required (Wölfel et al., 2020); therefore, consider-

ing the Ct values of the baseline samples, it is likely that viral culture

would not have been obtained in several of the samples. According to

the results obtained by ELISA, it is likely that this would also have

occurred in the test group after rinsing (Gottsauner et al., 2020). Lastly,

post-rinse saliva samples were not taken under professional supervision.

All patients in this study had moderate or mild symptoms and did not

require hospitalization. Therefore, owing to clinical, ethical, and space-

related considerations, it was not possible to keep patients waiting for

2 h in the healthcare centre for the second sample collection. The high

risk of transmission and the cost of the home visit were also factors to

consider. Therefore, the investigators provided in-depth training, verbal

and written, so that the patients could collect the samples themselves. In

relation to this, it should be noted that there have been studies where

the saliva samples were collected by the patients themselves and were

used reliably (Wyllie et al., 2020); however, in our case, we could not rule

out errors or deviations having occurred in this stage.

During the current pandemic, health ministries, government agen-

cies, and the scientific community in different countries developed a set

of clinical practice guidelines for the safe performance of dental care.

Because of the great production of aerosols caused by dental instru-

ments, most of these guidelines recommend the use of mouthwashes

prior to patient care (Deana et al., 2021). Various clinical studies have

been designed to demonstrate the potential of mouthwashes to lower

the viral load in the saliva of patients suffering from COVID-19 (Burton

et al., 2020). Our results confirm that a 1-min oral rinse with a 0.07%

CPC mouthwash reduces infectious viruses in saliva for at least 2 h. This

could be an additional preventive measure that, added to the use of a

mask and social distancing, could help lower the spread of SARS-CoV-2.

Large-scale, well-designed randomized controlled trials are needed to

confirm the effect of CPC on the spread of SARS-CoV-2.
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