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Introduction

Human-to-human transmission of the 
coronavirus disease 2019 (COVID-19), caused 
by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), occurs primarily 

through respiratory droplets from coughs 
or sneezes and/or physical contact in the 
community.1 In healthcare settings, besides 
infection through close contact and touch transfer 
of SARS-CoV-2 from contaminated surfaces to 
the nasal or oral mucosa, recent studies suggest 
the potential for airborne transmission of the 
virus through aerosols formed during medical 
and dental procedures.2,3,4,5 SARS-CoV-2  is 
known to enter and infect human cells by binding 
to the angiotensin-converting enzyme 2 (ACE2) 
receptor,6 which is abundantly expressed in the 
epithelia of the oral and respiratory tract; the 
saliva of infected individuals can contain viral 
loads of 107/ml or more.7,8,9 Dental procedures 
can be considered especially high-risk as they 
involve close proximity to the patient’s mouth 

and nasopharynx, as well as exposure to saliva 
or even blood. Moreover, dental procedures 
commonly generate droplet splatter and aerosols, 
further increasing the risk of environmental 
contamination and cross infection.10

COVID-19 infection, prevention and control 
(IPC) measures for medical and dental care 
facilities11 include deferring interventions for 
persons with suspected or confirmed SARS-
CoV-2 infection, or limiting such interventions 
to emergency care. However, with the 
potential for virus shedding known to occur 
during the early stages in pre-symptomatic or 
asymptomatic infected persons (who do not 
have or are yet to present any symptoms)12,13 
and a variable incubation period ranging from 
1–14 days,10 additional measures are needed 
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Close contact and potential for 
aerosol generation increase risk 
of SARS-CoV-2 exposure during 
medical and dental procedures.

Pre-procedural mouth rinses are 
recommended as an additional 
measure to reduce cross-infection risk 
in dental settings.

The use of PVP-I-containing 
pre-procedural mouth rinse to 
reduce oral viral load could be 
recommended in addition to other 
protective measures.

PVP-I (1%) gargle and mouthwash 
showed 99.99% kill rate of SARS-
CoV-2 in vitro within 15 seconds of 
contact in clean and dirty conditions.

Key points
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to reduce the risk of cross infection in dental 
care facilities where patients with possible or 
confirmed COVID-19 disease may be treated.

A number of professional guidelines 
mention pre-procedural mouth rinses as one 
of such additional measures.11,14 Challacombe 
et al.15 have also highlighted the potential of 
povidone iodine (PVP-I) mouthwash and nasal 
spray in reducing the risk of cross infection of 
SARS-CoV-2 in the dental setting.

In addition to the pre-procedural use 
of PVP-I mouthwash and nasal spray for 
patients before treatment, Challacombe et al.15 
also proposed that dental professionals self-
administer this protocol every 2–3 hours as 
an adjunct to the recommended personal 
protective equipment (PPE).

PVP-I, a broad-spectrum antiseptic with an 
established safety profile,16,17 has demonstrated 
virucidal activity against a range of non-
enveloped and enveloped viruses,17,18 including 
the SARS-CoV19 and MERS-CoV20 pathogenic 
coronaviruses – and, more recently, SARS-
CoV-2.21,22 In its WHO R&D blueprint COVID-
19: experimental treatments,23 the World Health 
Organisation lists PVP-I mouthwash alongside 
other drug and non-drug treatments and 
strategies that warrant coordinated research 
efforts to assess their potential usefulness 
against COVID-19.

Using a standard quantitative time-kill assay, 
we evaluated the in vitro activity of a gargle/
mouthwash containing 1% PVP-I against SARS-
CoV-2 at contact times of 15, 30 and 60 seconds, 
to confirm the product’s virucidal activity and 
support its use in the dental setting.

Materials and methods

The product BETADINE Gargle & Mouthwash 
was tested for virucidal activity at two 
concentrations – undiluted (PVP-I 1% w/v) 
and at a 50% dilution (PVP-I 0.5% w/v) – for 
virucidal activity against SARS-CoV-2 in both 
clean (0.3 g/l bovine serum albumin [BSA]) and 

dirty (3.0 g/l BSA + 3 ml/l human erythrocytes) 
conditions. The assays were performed in 
the Biosafety Level (BSL)-3 Laboratory at the 
Tropical Infectious Diseases Research and 
Education Centre (TIDREC), University of 
Malaya, Malaysia. This article does not contain 
any studies with human participants or animals 
performed by any of the authors.

Virus culture
The SARS-CoV-2 (SARS-COV-2/MY/UM/6-
3; TIDREC) virus stock was prepared by 
infecting confluent monolayers of Vero E6 
cells (American Type Culture Collection) with 
the virus. The Vero E6 cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM, 
Gibco, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum (FBS) and 
maintained at 37 °C in a 5% CO2 atmosphere. 
Virus-containing supernatant was harvested 
by centrifugation when cytopathic effects 
(CPEs) were observed and stored at -80 °C. 
Virus titres were determined by microtitration.

PVP-I cytotoxicity assay
Cytotoxicity assays were performed to 
determine the lowest concentration at which 
the PVP-I product was non-cytotoxic to the 
host cells. Dilutions of the PVP-I product were 
added to a confluent monolayer of Vero E6 
cells cultured in a 96-well plate. The plate was 
then incubated for 72 hours before measuring 
the cell viability using the MTS assay and 
calculating the concentration of PVP-I at 
which no cytotoxic effects on host cells were 
observed. Calculations were performed 
using GraphPad Prism (GraphPad Software, 
2365 Northside Dr, Suite 560, San Diego, CA 
92108, USA). The cytotoxicity of the product 
to the host cells was taken into account when 
performing the time-kill assay.

PVP-I virus time-kill assay
The virus time-kill assay was performed 
according to EN14476 standard methods for 

evaluating disinfectant activity.17 The PVP-I 
product was tested undiluted (1% w/v PVP-
I) and at 50% dilution (0.5% PVP-I) against 
SARS-CoV-2.24 Tests were performed under 
clean and dirty conditions with different 
contact times of 15, 30 and 60 seconds to 
evaluate the disinfectant efficacy. The test 
assay comprised of 100 μl of interfering 
substance, 100 μl of virus suspension and 800 
μl of PVP-I product (1% and 0.5% PVP-I). The 
virus control for this test was distilled water 
in place of the test product for both clean and 
dirty conditions.

After the specified contact times (15, 30 
and 60 seconds), virucidal activity of the 
test product was immediately neutralised 
by adding DMEM with 2% FBS and then 
performing tenfold serial dilutions in ice-cold 
media (DMEM + 2% FBS). The neutralisation 
step ensured that there were no after effects of 
the test product beyond the specified contact 
time.17 The serial dilutions were incubated 
with Vero E6 cells for 72  hours until CPEs 
developed. The plates were then fixed with 
paraformaldehyde and stained with crystal 
violet to determine the virus titres. The 
virus titres for control and test conditions 
were calculated using the Spearman-Kärber 
method,25,26 and expressed as median (50%) 
tissue culture infectious dose (TCID50/
ml). Virucidal activity was calculated as the 
difference in reduction in virus titre with 
respect to the control (Δ log10 TCID50/ml). 
As per European Chemicals Agency (ECHA) 
guidelines,24 a reduction in virus titre of ≥4 
log10 (corresponding to a kill rate of ≥99.99%) 
is considered evidence of effective disinfectant 
activity.

Results

Cytotoxicity
The PVP-I (1%) gargle/mouthwash product 
demonstrated no cytotoxicity at a concentration 
of 0.63 mg/ml of PVP-I (that is, 1:16 dilution 
of the product) or lower. This was taken 
into consideration when performing the 
time-kill assay.

Virucidal activity of PVP-I gargle/
mouthwash
Table 1 shows the results for the time-kill 
assays. The undiluted test product (1% PVP-I) 
achieved >5 log10 reduction in viral titres at 
15, 30 and 60 seconds under both clean and 
dirty conditions. At a 1:2 dilution (0.5% PVP-
I), the test product demonstrated a >4 log10 

PVP-I concentration

Log10 reduction in viral titres

Clean conditions* Dirty conditions**

15 secs 30 secs 60 secs 15 secs 30 secs 60 secs

Undiluted >5.00 >5.00 >5.00 >5.00 >5.00 >5.00

1:2 dilution >4.00 >5.00 >5.00 >4.00 >5.00 >5.00

Key:
* = clean conditions: 0.3 g/l bovine serum albumin
** = dirty conditions: 3.0 g/l bovine serum albumin + 3 ml/l human erythrocytes

Table 1  Virucidal activity of PVP-I gargle/mouthwash against SARS-CoV-2 (data are 
presented as log10 reduction in viral titres with respect to control)
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kill at 15 seconds, and >5 log10 kill at 30 and 60 
seconds under both clean and dirty conditions. 
We previously reported these findings in 
abbreviated form.27

In summary, the PVP-I product was tested 
at 15, 30 and 60 seconds and demonstrated 
≥4 log10 reduction of SARS-CoV-2 titres 
(corresponding to a ≥99.99% kill rate) for 
all contact times, under both clean and dirty 
conditions. This meets the ECHA standards for 
disinfectant efficacy, indicating its potent and 
rapid virucidal activity.24 

Discussion

The  we l l - k now n  bro ad - sp e c t r u m 
antimicrobial and virucidal activity of PVP-I 
(and recently reported virucidal activity 
against SARS-CoV-2 in clean conditions)21,22 
provides some support for its use for 
respiratory infection control in the dental 
setting.28 This study further showed that the 
PVP-I gargle/mouthwash can reduce the 
SARS-CoV-2 viral load by ³99.99% in vitro 
within 15 seconds of contact in simulated 
‘clean’ and ‘dirty’ conditions (where an 
interfering biological substance, erythrocytes, 
was included to simulate organic soiling). In 
an earlier study, 7% PVP-I gargle/mouthwash 
was found to be effective against related 
and deadly coronaviruses – SARS-CoV 
and MERS-CoV – and was able to rapidly 
inactivate these viruses within contact times 
of 15 seconds under both clean and dirty 
conditions.17 Likewise, in the present study, 
there was no discernible difference in the 
PVP-I virus kill rates under clean and dirty 
conditions, suggesting that the virucidal 
activity of PVP-I is unlikely to be appreciably 
reduced in the presence of interfering 
substances such as biological tissue.

Due to the potential for cross infection 
between dental healthcare professionals and/or 
patients undergoing dental procedures during 
the COVID-19 pandemic, all reasonable 
measures should be considered to reduce 
risk of transmission in the clinic setting.10,15 
Possible transmission routes include direct 
contact and exposure to saliva or other 
biological materials, and indirect contact with 
contaminated instruments and/or surfaces, as 
well as inhalation of virus-containing droplets 
or aerosols generated during procedures.29 
Currently recommended measures for 
healthcare facilities include universal source 
control, additional PPE use, hand and 
respiratory hygiene, and the establishment 

of work practices that minimise risk.11 
Although guidelines recommend limiting the 
use of procedures with a high risk of aerosol 
production, such as ultrasonic scaling, it may 
be impossible to entirely eliminate aerosol 
generation in dental procedures.30

In view of this, we suggest taking additional 
preventive respiratory hygiene measures, 
such as the use of antimicrobial nasal sprays 
or gargling to reduce the possibility of 
transmission of SARS-CoV-2 through droplets 
or aerosols, even though close proximity is 
unavoidable during dental treatment.10 In 
particular, it has been suggested that the use 
of pre-procedural mouth rinses and gargles 
containing ingredients with demonstrated 
virucidal activity against SARS-CoV-2 could 
help reduce viral load in the oral cavity and 
thus the potential for infection during dental 
treatment.31 Studies are ongoing, but it remains 
to be seen whether these practices translate 
into a clinical benefit.32,33 Nevertheless, the 
Australian Dental Association and the US 
Centres for Disease Control and Prevention 
have recommended the use of a pre-procedural 
mouthwash in their COVID-19-related 
guidelines.11,14 Additionally, a comprehensive 
list of COVID-19 preventive measures against 
the COVID-19 disease for use by dentists 
have also included a suggestion for the use of 
0.2% PVP-I for pre-procedural mouth rinse 
to reduce the viral load in saliva.34 PVP-I oral 
products are already widely available and can 
thus be readily integrated into existing infection 
control protocols in the dental practice during 
this COVID-19 pandemic.35,36,37

Some suggested potential adverse effects 
of oral PVP-I include oral/dental staining 
and irritation. It has been shown that 
PVP-I causes less staining of the teeth than 
chlorhexidine gluconate38 and that, even with 
prolonged use of PVP-I, this does not cause 
oral mucosa irritation or damage.17,39 However, 
as with oral rinses containing other antiseptic 
agents, individual patients’ tolerance or taste 
preferences may potentially limit the use of 
oral products containing PVP-I.

Conclusion

Dental practice poses a potential risk of 
COVID-19 cross infection among patients 
and dental health professionals. In our study, 
we present direct evidence of potent virucidal 
activity of PVP-I gargle/mouthwash against 
SARS-CoV-2  in just 15 seconds in vitro. 
Specifically, it can potentially be used as a 

pre-procedural mouthwash as recommended 
by national dental guidelines. In today’s 
scenario, PVP-I gargle/mouthwash may be 
an adjunct to PPE to help reduce the risk of 
COVID-19 cross infection in dental practices.
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