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Summary:
Emerging studies increasingly demonstrate the importance of the throat and salivary glands as
sites of virus replication and transmission in early COVID-19 disease. SARS-CoV-2 is an enveloped
virus, characterised by an outer lipid membrane derived from the host cell from which it buds.
While, it is highly sensitive to agents that disrupt lipid bio-membranes, there has been no
discussion about the potential role of oral rinsing in preventing transmission. Here, we review
known mechanisms of viral lipid membrane disruption by widely available dental mouthwash
components that include ethanol, chlorhexidine, cetylpyridinium chloride, hydrogen peroxide and
povidone-iodine. We also assess existing formulations for their potential ability to disrupt the
SARS-CoV-2 lipid envelope, based on their concentrations of these agents, and conclude that
several deserve clinical evaluation. We highlight that already published research on other
enveloped viruses, including coronaviruses, directly support the idea that oral rinsing should be
considered as a potential way to reduce transmission of SARS-CoV-2. Research to test this could
include evaluating existing or specifically-tailored new formulations in well-designed viral
inactivation assays, then in clinical trials. Population-based interventions could be undertaken with
available mouthwashes, with active monitoring of outcome to determine efficacy. This is an
under-researched area of major clinical need.
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Main Text

2. The soap/alcohol virucidal public health advice relating to surface neutralisation.
It is widely known that interfering with the lipid envelope represents a virucidal strategy to target
many coronaviruses, with a large body of work evidencing the impact of many agents (16, 17). For
a summary, refer to Kampf et al, a systematic review providing tables showing data from different
original publications for inactivation of coronaviruses by biocidal agents in suspension tests(17).
During the 2003 SARS-CoV outbreak, viral material was detected on hospital surfaces, leading to
the idea that surface decontamination would be an important approach. At that time, various
compounds were considered, including ethanol at high concentrations of 60-70% (v/v), since these
doses had been found to be highly effective against several viral pathogens, including
coronaviruses(17-19). Recent studies on SARS-CoV-2 also support this, with high concentrations
being highly effective as shown in a recent preprint(20). The historical reason for only testing high
concentrations in microbicidal research has been that these give broad spectrum activity towards
bacteria, viruses and fungi, and thus for use on inanimate surfaces/fomites where the target
microbes are unknown would be always preferred. The consensus view is that enveloped viruses,
such as herpesviruses, orthomyxoviruses, paramyxoviruses and coronaviruses are highly sensitive
to 60-70% (v/v) ethanol with almost immediate inactivation, while non-enveloped viruses are less
or not susceptible(17-20).
We are now widely encouraged to use soap or 60-70% alcohol-based gels to inactivate SARS-CoV2, based on the view that these agents damage the lipid envelope, including in recent WHO and
EPA recommendations1,2,3. At the same time, there has been no discussion of oral anti-viral
strategies, apart from a recent response to an article in British Medical Journal calling for
protection for healthcare workers against infection4. Properly designed clinical trials that address
1
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1. The viral lipid envelope
In common with many viruses, such as influenza and herpes simplex; coronaviruses are
surrounded by a fatty layer, called a “lipid envelope”, into which the spike glycoproteins required
for infection are inserted (Figure 1). Viral envelopes are acquired at host cell membranes—some at
the plasma membrane, others at internal cell membranes such as the nuclear
membrane, endoplasmic reticulum, and Golgi complex (1, 2). During this, viral proteins are
incorporated at the expense of host cell proteins, creating the shed viral particle(3). Thus, for
most viruses the envelope lipids are considered to be the same as the host membranes
(phospholipids, sphingolipids, some cholesterol). Lipid composition is not the same across
subcellular membranes with mammalian plasma membranes having higher cholesterol and
sphingolipid content(4-10). While the lipid makeup of the envelope of SARS-CoV-2 has not been
characterised yet, coronaviruses are known to bud from the endoplasmic reticulum Golgi
intermediate compartment (ERGIC), before being transported by exocytosis in cargo vesicles(11,
12). This indicates their composition will be related to ER membrane, which contains more
phosphatidylcholine, but less cholesterol and sphingolipids than the plasma membrane (4-10). A
recent report demonstrated that coronavirus (HCoV-229E) regulates host lipid metabolism in
response to infection, in common with many other viruses(13-15). However, no information on
the virus lipid envelope composition was provided, and its specific composition hasn’t been
determined experimentally.

this issue are currently lacking in the literature. Current WHO interim guidance on clinical
management of SARS-CoV-2 in the home is focussed on the use of personal protection, including
face masks, along with hand, clothing and surface sanitation, to reduce risk of airborne and direct
spread of the virus, but doesn’t mention oral hygiene5. Thus, its utility in the setting of SARS-CoV2 has not been considered systematically, and there is a lack of either positive or negative robust
clinical evidence.

3. Viral load, saliva/throat virus and disease severity in SARS-CoV-2.
It is becoming increasingly recognised that the throat is a major site of replication and shedding of
virus in COVID-19 illness, and that viral load is important(25). Throat and sputum are abundant in
particles, which peak 5-6 days after symptom onset, and decline thereafter(26, 27). Viral load
correlates with older age(27), and a study of 76 patients in Nanchang, China, showed that those
with severe SARS-CoV-2 tend to have higher viral load and longer virus-shedding period than those
with mild disease(28). Similarly, viral load was linked with lung disease severity in a study of 12
patients with pneumonia(29). Many asymptomatic individuals have modest levels of detectable
viral RNA in their oropharynx for at least 5 days, which is similar to individuals with clinical
symptoms(30). Data from GTEX gene expression data indicates that ACE2 (a key receptor for
COVID-19) expression is higher in salivary glands than lungs, suggesting that the these could be a
major source of new viral particles(31). A recent study using mobility data and Bayesian inference
inferred that a high rate of undocumented infections is responsible for rapid spread of SARS-CoV2(32). Taken together, these data suggest that the potential for transmission is high early in the
disease. While further studies are needed to better understand the relationship between viral load
and symptom severity, it is expected that higher levels of viral shedding in the throat or lungs
might be associated with an increased ability to infect others. To date, the relationship between
lung and throat viral load in terms of disease severity, is not clear, and how dampening throat
virus load may impact on resulting lung disease or viral transmission is not known.
The route of SARS-CoV-2 infection is currently considered to be via respiratory droplets, similar to
SARS-CoV (33), and the virus particle is viable in aerosols for up to 3 hrs (34). Although we don’t
yet know the minimal infectious dose, the high rate of transmission indicates this is likely to be
relatively low. If correct, then strategies to reduce the number of infective virus particles in
mucous membranes through promoting their removal or inactivation could contribute to reducing
risk of transmission. Thus, assuming that the throat is a major site of replication in early stages
(even before symptoms are apparent), then oral washing using agents that could damage or
destroy the lipid envelope have the potential to reduce viral load in the oropharynx.
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Mouthwashes vary widely in composition; however, some commercially available formulations
contain ethanol at 14-27% (w/v) in the UK, Europe and US. Prompted by this, we reviewed the
available scientific literature to establish whether oral treatment using ethanol-based or other
types of mouthwashes could present a strategy to either dampen or reduce viral load, to
potentially restrict virus transmission in the current pandemic situation, particularly for vulnerable
individuals or healthcare workers. We found that there is a paucity of data systematically testing
the impact of lower (less toxic) ethanol concentrations on enveloped virus inactivation, with most
simply reiterating the use of the higher concentrations described above(16, 18, 19, 21-24). We
also found a paucity of robust clinical studies in this area that address in a randomised doubleblind manner the impact of oral rinsing on objective measures, specifically neutralisation of
enveloped viruses, including coronaviruses.

4. The impact of lower ethanol concentration on biomembranes.
When considering lower (non-toxic, more economical) ethanol concentrations, the literature on
mammalian cells (from where the lipid envelope originates) provides a close comparator. We also
reviewed studies on model membrane vesicles comprising phospholipids such as
phosphatidylcholine; however, as these are protein-free, the impact of non-lipid components on
ethanol toxicity is not accounted for. Bacterial pathogens contain very different membranes in
lipid and protein composition, including lipopolysaccharides and peptidoglycans, so are not
considered here. Below we summarise the literature on impact of ethanol on cell/model
membranes (Table 1).
(i) Low concentrations of ethanol cause swelling, interdigitation, and leakage in model
membranes. Biophysical studies in the 1980s and 90s compared various alcohols (ethanol,
methanol, butanol, propanol) for their ability to perturb model phospholipid membranes. Many
were optimising generation of lipid vesicles for drug delivery; however, the toxicity of most
short chain alcohols prohibits oral use. Here, we reviewed reports on the properties of ethanol
on model membranes. Few studies directly investigated lysis, instead focusing on membrane
fluidity, permeability, interdigitation, thickness, and other parameters. In one study, ethanol >
3.4 M (20% v/v) resulted in membranes not being considered “stable”(37). Ethanol addition
causes rapid swelling of phosphatidylcholine vesicles from around 30 nm diameter at 0 M, up to
between 80 - 110 nm diameter, at 1.1 - 1.5 M (6.5 - 8.8% v/v)(38). Interdigitation refers to the
process whereby the presence of short chain alcohols enables the methyl group of the fatty
acyl chains to move beyond the midplane of the bilayer, penetrating the opposite monolayer,
and appears to be an event that precedes and promotes vesicle fusion and leakage (39, 40).
Several studies demonstrate that ethanol promotes interdigitation(41). In one, ethanol at
above 2 M (11.8% v/v) led to formation of interdigitated phospholipid sheets from small
unilamellar vesicles (SUV), that then annealed to form larger interdigitation-fusion vesicles
(IFVs)(42). This means that ethanol at this concentration can deform small phospholipid vesicles
leading to fusion and formation of larger structures. During this process, leakage of contents
from vesicles is seen (38, 42-44). Three studies compared membranes consisting of either
phosphatidylcholine alone, phosphatidylcholine/phosphatidylethanolamine mixtures, or
phosphatidylcholine /cholesterol mixtures, and showed that all became permeable at ethanol
concentrations around 0.6-2.1 M (3.5-12.3 %, v/v)(38, 45, 46). Elsewhere, ethanol at rather
lower concentrations of 86mM (0.5% v/v) caused lysis of phosphatidylcholine vesicles during
repeated cycling through phase transition temperatures(47). Partitioning of ethanol into the
membrane can be altered through the presence of additional biologically relevant lipid species
such as cholesterol or gangliosides(45, 48, 49). This indicates that complex biological
membranes may respond very differently, and not only the presence of other lipid types, but
also the impact of proteins need to be taken into account. Nonetheless, it is clear that model
membranes are sensitive to ethanol at concentrations far lower than the 60-70% currently
4
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At this time, there is incomplete information on how SARS-CoV-2 moves from the throat and nose
to the lungs, and this could include (i) viral shedding, (ii) the aspiration of necrotic cell debris, or
(iii) direct infection of neighbouring cells. Assuming viral shedding is involved, then oral rinses that
target the viral lipid envelope represent a potential method to remove/rinse or inactivate infective
particles generated in the throat. The specific intracellular replication cycle for SARS-CoV-2 in
humans is not yet known. Based on non-synchronised replication cycles that take < 24hrs, virus is
likely to be secreted almost constantly (35, 36) Oral agents will impact only on virus that is
extracellular or actively budding. Therefore, the persistence of treatment will be important. How
long mouthwash components retain an ability to interact with biomembranes in the mouth is
unclear, and more research is required.

So far, we found only studies that tested the impact of reduced ethanol amounts on enveloped
viruses. Both were conducted in vitro, and show positive outcomes in relation to virus
denaturation.
 In 2007, Roberts and Lloyd found that 20% ethanol completely inactivated three enveloped
viruses: Sindbis, herpes simplex -1 and vaccinia, in vitro, while having no effect on the nonenveloped poliovirus-1(56). Inactivation was measured by inhibition of plaque forming units
in a viral infectivity assay, but direct impact on viral envelope was not determined. This study
used a rather basic system, in the absence of a soil load, which is nowadays recommended
under the ASTM Committee E35 on Pesticides, Antimicrobials and Alternative Control Agents6,
or in the UK, the equivalent BS EN standard7 Also, it was conducted at 22 °C, rather than the
more relevant 36.8 °C oral temperature, where the impact of denaturation agents would be
greater.
 In 2017, Siddharta and colleagues tested WHO recommended formulations against enveloped
viruses, including coronavirus. Focusing on WHO formulation I, which contains 85% (v/v)
ethanol, 0.725% (v/v) glycerol and 0.125% (v/v) hydrogen peroxide, they measured in vitro
infectivity in the presence of a soil load (0.5% w/v bovine serum albumin). A 30 sec exposure
of a dilution containing 34% (v/v) ethanol (40% of neat) completely prevented subsequent
viral replication(57).
These studies indicate that relatively dilute ethanol will be highly effective against enveloped
viruses. However, there is an urgent need to determine how coronaviruses are impacted by dilute
alcohol under biologically-relevant conditions (mucosa, mouth, etc), and whether in combination
with non-toxic, membrane disrupting agents, oral inactivation of SARS-CoV-2 could be achieved. A
minimum amount of ethanol, e.g., 10-30% (v/v) would be effective, and contact time will also be
an important parameter that may reduce ethanol exposure required. Ethanol impacts membrane
properties of artificial lipid membranes, causing leakage of contents even in the absence of
6
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recommended for inactivation of virus on hard surfaces, and at amounts contained in widely
available mouthwashes (See Section 6).
(ii) Impact of ethanol on mammalian cell membranes.
We also reviewed the impact of ethanol on mammalian cells in vitro. Of direct relevance to
coronaviruses, a study on corneal epithelial cells showed that a 30 sec incubation with 20%
ethanol led to around 40% loss of viability, which increased to 70% loss at 40% ethanol. There
was significant leakage of intracellular contents following 20% ethanol for 30 sec(50). This
short incubation also altered inflammatory responses, differentiation and epithelial marker
expression(50). Several studies on the impact of ethanol on red blood cells were also found.
Sonmez et al showed that around 1M (5.9% v/v) causes ˜10% cell lysis, but higher amounts
were not tested (51). A variety of effects on red cells have been shown including potassium
leakage and haemolysis, at moderate concentrations around 3 - 4M (18–23.5% v/v). However,
incubation times of 15 min or greater were generally used(52-54). Last, a study on an intestinal
cell line (Caco-2) showed that ethanol > 5-10% causes loss of viability, leakage of contents and
disruption of tight junctions, with a long incubation time of 60 min (55). Since the membrane
composition of coronaviruses is expected to match ERGIC (see Section 1), these studies provide
strong evidence that low ethanol will directly impact on the SARS-CoV-2 membrane also.

5. Membrane perturbation without lysis can dampen enveloped virus infectivity
The concept that perturbing the membrane could inactivate viruses has recently been tested in
relation to membrane-disrupting agents, and an in vitro screen of 1000 compounds identified a
series of lipidomimetics that can alter the membrane and dampen infectivity of HIV-1(60). Active
agents included lipids related to cholesterol, sphingosine or aliphatic lipids with long chain fatty
acids which blocked at the stage of entry into the host cell. The impact appeared to result from
the lipids being incorporated into the membrane and inducing changes in lipid order and buoyant
density of the particles. In support of this, a study in the 1970’s showed that fatty acids and
monoglycerides of 16-18 carbon chain length are highly effective in vitro, reducing survival of
herpes simplex virus to around 50% at concentrations down to 0.2M (61). These studies use
compounds that are non-toxic to mammalian cells and show great promise, thus research is
needed to determine whether they are also active against the envelope of SARS-CoV-2 both in
vitro and in vivo.
6. Mouthwash preparations that show activity against enveloped viruses in published studies.
We investigated the potential for commercially available mouthwashes to disrupt viral lipid
envelopes, either due to ethanol (Table 1), or other active agents, through reviewing available
literature.
Three industry-sponsored studies from the Universities of Maryland, Texas-Houston Health
Sciences Centre and State University New York tested this using a widely available formulation
that combines 21-26% ethanol with essential oils (eucalyptol 0.092%, menthol 0.042%, methyl
salicylate 0.060%, and thymol 0.064% w/v). Notably, there is published evidence that eucalyptus
oil and thymol have significant antiviral properties towards herpes simplex virus at these
concentrations, hypothesised to relate to disruption of the viral lipid envelope(62).
 The virucidal actions of 21% (v/v) ethanol with essential oils towards an enveloped virus were
reported in humans in vivo in 2005. A 30 sec rinse reduced infectious virions of herpes simplex
types I and II to effectively zero(63). Specifically, 18/20 people demonstrated no virions postrinse, and after a 30-min rinse, virions remained at zero for 11/20 subjects, with all subjects
remaining lower than pre-rinse levels. In contrast, rinsing with distilled water reduced mean
virions considerably less post 30-sec rinse, and levels had largely returned to baseline by 30
min. This indicates that the mouthwash had a specific and significant impact on virion
recovery. In a repeat trial, 18/20 subjects had zero virions post 30-sec rinse, with 12/20
remaining at zero at 30 min. At 60 min, all 20 were still shedding virions at 1-2 log10 lower than
baseline, demonstrating a modest impact on viral titre. Longer contact times (e.g., 60 sec
rinses) were not tested(63). Herpesviruses differ from coronaviruses in that the former can
erupt periodically from where they reside in the nerves; so, using a mouthwash may
6
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complete lysis. The ability of the virus to infect host cells could also be modified by inducing
biophysical changes to the virus membrane which impact on protein function. The spike
glycoprotein which is required for SARS-CoV-2 infectivity contains a transmembrane domain which
is inserted into the viral envelope(58), and it is well known that lipid membrane biophysical
perturbations can impact on conformation and function of many transmembrane proteins in
mammalian cells. In this regard, the lipid membrane of HIV-1 was recently demonstrated to
stabilise viral membrane glycoproteins, and regulate their sensitivity to neutralisation by
antibodies(59). Thus, lower concentrations of ethanol could alter pathogenicity without complete
neutralisation of viral particles. Research is required to determine the impact of ethanol or other
agents on the infective activity of the SARS-CoV-2 spike protein in vivo.

These studies provide proof-of-concept that mouthwashes containing essential oils with 21-27%
ethanol can inactivate enveloped viruses, both in the lab and in humans, with the likely
mechanism being damage to the lipid envelope. Here, ethanol in combination with essential oils
may provide a more effective formulation. Thus, these types of mouthwash may be effective
against SARS-CoV-2, although studies have not been conducted. Whilst other commercially
available ethanol mouthwashes generally contain lower levels without essential oils, an impact on
membrane biology may remain theoretically possible, and studies are required.
(ii) Chlorhexidine.
Chlorhexidine is widely used for oral health in the UK, being especially effective against Grampositive bacteria, but to a lesser extent Gram-negative bacteria and fungi(65). Due to its positive
charge, it reacts with the negatively charged microbial surface, penetrating into the cell and
causing leakage. A report on its in vitro viricidal effectiveness at 0.12% has indicated it can reduce
the viral concentration of enveloped but not non-enveloped viruses(66). However, this limited in
vitro study only considered the immediate post-exposure, and no further time points were
included in the experimental design. Chlorhexidine is often formulated with ethanol at lower
concentrations, which may in part explain its virucidal impact. A recent review of coronavirus
literature identified that chlorohexidine exposure for 10 min only weakly inactivated coronavirus
strains in suspension tests although the concentration used was low at 0.02% (17, 22).
Chlorhexidine formulations have been shown to retain oral antimicrobial activity for up to 12
hrs(67). It is a more effective antimicrobial in vivo because it binds to clean oral surfaces and is
released over time (substantivity)(67). Despite lower activity towards coronaviruses, a
combination of chlorhexidine with alcohol may offer a useful strategy for reducing viral load over
longer times.
Chlorhexidine mouthwashes have been a critical clinical tool for over 40 years to reduce oral
bacterial flora and prevent infection and mucositis in cancer patients receiving chemotherapy and
radiotherapy(68-70).
However, there are no reported studies assessing the impact of
mouthwashes in specifically preventing or treating viral infections in neutropenic patients. Last, a
recent meta-analysis showed that chlorhexidine (rinse or gel) can reduce risk of ventilatorassociated pneumonia in patients undergoing mechanical ventilation, although causative
organisms were not described(71)
(iii) Povidone-iodine.
Povidone-iodine (PVP-I) mouthwash has been widely studied in relation to broad spectrum antimicrobial and virucidal actions. At 0.23%, which is routinely used in Japan, this rapidly inactivates
SARS-CoV, MERS-CoV, influenza virus A (H1N1) and rotavirus in vitro (72). A second study also
8
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temporarily reduce the level and it may then help promote resolution of the lesion. On the
other hand, coronaviruses will be shed almost constantly when actively replicating.
 A study in 1995 tested 26.9% ethanol with essential oils against herpes, influenza, rotavirus and
adenovirus in vitro. Here, an impact on the viral lipid envelope was speculated since herpes
and influenza were significantly impacted, while adenovirus and rotavirus (non-enveloped)
were not(64).
 A follow up unpublished study in 2010 determined that a 30-sec in vitro exposure to 21.6%
ethanol with essential oils led to >99.99% reduction of infectivity of H1N1 Influenza A pandemic
strain8

(iv) Chlorinated water or hypertonic saline rinsing
Studies from Japan surprisingly found that gargling with chlorinated tap water reduced respiratory
infections, and in one, was even better than PVP-I. In one, three groups of around 130 age- and
gender-matched human subjects were studied (three 15 second gargles with 20ml, at least 3/day
for 60 days)(78). Tap water reduced incidence of common cold by 36%, while PVP-I was not
effective. It was speculated that chlorine in the water may have contributed, since levels in Japan
were above concentrations that are known to have viricidal activity including towards enveloped
species(79). However, information on the virucidal impact of chlorine comes from in vitro studies,
including one with a 30 min contact time, and its impact in vivo on enveloped viruses, through
gargling tap water is not known(79). In 2008, another trial calculated economics of the activity in
two groups of around 120 subjects gargling water for 60 days, and concluded that this was a costeffective strategy for upper respiratory infection prevention(80). Last, a recent study showed that
gargling and nasal rinsing with hypertonic saline could reduce symptoms, duration of illness and
viral shedding. However, this was a pilot, non-blinded, self-reported study and so cannot be
considered definitive(81). A follow up study in vitro with enveloped and non/enveloped viruses
including human coronavirus 229E suggested that this may have been related to altered
intracellular chloride levels and peroxidase activities(82). None of the in vivo studies addressed the
issue of which pathogens were contributing to illness, and so can’t be extrapolated to
coronaviruses.
Separate to oral rinsing it is worth noting that nasal rinsing with saline is a popular method
promoted to clear nasal passages for sufferers of colds and allergies. Given that virus is recovered
in the nasopharynx, a similar consideration of how this might be used as preventative measure
could be made. As for mouthwash, clinical studies have not systematically examined how
effective nasal rinsing is for preventing respiratory infections. Notably, rare reports of serious
illness when not properly cleaned, due to the presence of parasitic amoebae in unboiled tapwater,
has led to recommendations on careful disinfection of rinsing syringes being made by CDC10.
(v) Hydrogen peroxide.

9
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showed that PVP-I (0.23%) is equivalent to 70% ethanol in inactivating SARS-CoV in vitro(73).
Indeed, based on in vitro and limited clinical studies, in Japan, the Ministry of Health, Labour and
Welfare supported daily gargling as a protective measure to prevent upper respiratory tract
infections(74). A small number of human studies supporting this in the case of PVP-I have shown
reduced incidence of both bacterial and viral (influenza) infection through repeated gargling(75)
(72). In one rather limited study, the absence rate in middle schools in Yamagata City were
compared over 3 months, where PVP-I gargling was encouraged in 1 school, versus 7 where it was
not. A reduction of absence due to colds and influenza from mean of 25.5% (no gargling) down to
19.8% (p<0.05) was found(76). In another study, a group of 23 patients gargled more than 4
times/day for up to 2 hrs. Here, acute exacerbation of chronic respiratory infection was reduced
by around 50% (75). This mouthwash is not available in the UK, although may still be purchased in
Germany and other countries. As a 1 % solution, PVP-I is available in Hong Kong, Korea, Singapore,
Malaysia, Philippines and Taiwan. The importance of higher concentrations of PVP-I as a broadspectrum antimicrobial agent for topical uses is indicated by its inclusion on the World Health
Organization’s List of Essential Medicines9. It should be noted that rare allergic reactions have
been reported for PVP-I(77)

(vi) Quaternary ammonium compounds
These are widely used as microbicidal agents that interfere with protein or lipid components on
the cell surface, particular of Gram-positive or Gram-negative bacteria. Their virucidal activities
are not widely reported although some reports against enveloped viruses have been made in the
literature relating to surface disinfection(79). Among this group of compounds, cetylpyridinium
chloride (CPC) was recently shown to have activity against influenza both in vitro and in vivo,
through direct attack on the viral envelope, with in vitro EC50 being 5-20 g/ml (89). CPC is used
in medicated oral rinses at concentrations 0.025-0.075% w/v (250-750 µg/ml) in the UK, while
lozenges sold in some countries contain 1.4-3.0 mg of CPC.
7. Current policies relating to oral health and use of microbicides in dental practice and with
immunosuppressed individuals.
Dental practitioners are at elevated risk of exposure to SARS-CoV-2, and there are guidelines that
advocate use of mouthwash clinically. Previously published CDC guidelines for infection control in
the dental setting have cited the potential usefulness of pre-procedural mouthwashes in reducing
the spread of airborne pathogens of all type(90). Indeed, studies have addressed how virucidal
components including cetylpyridinium chloride and chlorhexidine can be effective in reducing
bacterial contamination in this setting, although virus inactivation was not tested (91, 92) Meng
et al. in an experience-based review of their practice in Wuhan, recommended pre-procedural
mouthwash to reduce the oral microbial load in patients undergoing dental treatment in patients
with SARS-CoV-2(93). Last, two recent papers aimed at providing guidelines for endodontists in
relation to SARS-CoV-2 advocated pre-procedural mouth rinse with 0.2% PVP-I (94, 95). Given that
the dental community recognise the potential for oral mouthwashing in relation to reducing
infection risk, extrapolating these guidelines to the wider community is worth a full discussion.
8. The urgent need for research
Many questions need to be addressed in relation to whether oral hygiene could represent a viable
approach to dampen transmission of SARS-CoV-2, and research is required to address this.
In relation to oral hygiene, we need to determine:
 Can we reduce viral load in the oropharynx through oral rinsing?
 If we can reduce load, then which oral rinse would be clinically effective: The current choice
includes 20-30 % ethanol, lipid-based membrane disruptors, PVP-1, CPC, hydrogen peroxide,
simple chlorinated tap water or WHO formulation I diluted to 30% of neat?
 Would a combination of agents in lower amounts be better tolerated, reducing adverse effects,
and remain effective?
 What combinations or agents, contact time and frequency of use would induce anti-viral
activity and reduce infectivity of SARS-CoV-2
9
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Hydrogen peroxide causes oxygen free radical-induced disruption of lipid membranes and is
widely used as an agent for tooth whitening. Studies, including a recent systematic review, report
that coronavirus 229E and other enveloped viruses are inactivated at concentrations around 0.5%
(17, 83). Whilst higher concentrations of hydrogen peroxide (>5%) will induce damage to both soft
and hard tissues, within the range of concentrations used in mouthwashes for whitening at 1-3%
little damage is reported (84). Within the oral environment hydrogen peroxide is rapidly
inactivated due to the presence of host- and bacteria-derived catalase activity in saliva and other
endogenous peroxidases(85). The impact of peroxidases could theoretically be reduced by using a
pre-rinse with water, although this is untested. A consideration with this agent is that it can have
potential pro-viral activities, although so far this was only seen in vitro (86-88).

Available research approaches include:

(ii) Underpinning research. Not all enveloped viruses are the same, and herpes, influenza and
measles viruses are considered more unstable than human coronaviruses, which may persist for
up to 5 days on inanimate surfaces(17, 34, 96). Thus, research needs to focus on coronaviruses in
particular. The exact composition of the SARS-CoV-2 lipidome needs to be determined using
lipidomics mass spectrometry. Research should determine the impact of ethanol or other agents
on the infective activity of the spike protein itself, in vitro and in vivo. A useful virus to test in
vitro would be the human respiratory coronavirus 229E which is used extensively as a surrogate
for human coronaviruses but only requires Cat2 procedures, and its replication and propagation
conditions are well established already. This would be a good representative for pathogenic
coronaviruses, prior to narrowing down to SARS-CoV-2 which requires Cat3 biosecurity.
The impact of temperature and soil load needs to be considered for in vitro studies, applying the
ASTM or EU standard protocols11. Here, the impact of not only dose/composition but also the
critical issue of contact time with agents, which is a known modifiable parameter of virucidal
activity can be easily tested. The virucidal mechanisms can be determined, conducting lipidomics
analysis of the envelope along with assays that determine spike protein conformation and activity.
While a particular ethanol concentration may achieve full inactivation, lower amounts could either
help to remove virus, or lead to membrane damage (permeability/leakage) that may impact throat
cell virus infectivity, e.g. through potential modification of the ability of the spike glycoprotein to
interact with receptors on host cells. In this regard, for HIV-1, the lipid membrane stabilises
membrane glycoproteins, regulating their sensitivity to antibody neutralisation (59). This type of
action could be further enhanced if membrane disrupting agents were also included in a
mouthwash. Indeed, lipidomimetic compounds have already been developed that can dampen
viral infection through affecting lipid membrane structure or curvature (discussed in Section 5).
Most virucidal research uses in vitro models, where the response to the agent will be different,
and also does not take into account the impact of host immunity. There is an absence of animal
model studies on coronavirus respiratory illness, although macaques and mice transgenic for
humanised ACE2 are beginning to be studied with early indications being that both develop mild
illnesses in response to SARS-CoV-2 virus12.
(iii) Clinical studies. Robustly designed, appropriately-powered in vivo clinical studies are needed,
including determination of the most effective composition. Self-reported, non-randomised,
unblinded studies are not reliable and need to be avoided. An important sequela of these over the
counter medicines is that individuals may use them prior to providing diagnostic
nasopharyngeal/throat swabs. This could increase the number of false negative tests and facilitate
transmission. Currently there is no specific advice to avoid these preparations prior to testing.
11
12

https://www.astm.org/Standards/E2197.htm
https://www.nature.com/articles/d41586-020-00698-x
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(i) Statistical epidemiological studies could establish on a population level whether mouth rinsing
is associated with reduced rates of throat and respiratory infections including SARS-CoV-2.
Purchasing data of health-related products to model health linkages could be used. New
applications to conduct widespread monitoring of SARS-CoV-2 symptoms, could capture use of
mouthwashes to test for correlation with symptoms and severity, alongside wider purchasing sales
behaviour of those who are asymptomatic. Modelling approaches should also consider population
usage of mouthwash preparations and viral spread.

(v) Host inflammation. Mouthwashes widely utilised in daily oral and dental hygiene for cosmetic
and medical reasons and have demonstrated acceptable tolerability when used multiple times
daily for durations of 6 months and longer. Despite this, the impact of rinsing with these agents on
throat tissue health needs to be seriously considered, since the viral lipid membrane is effectively
the same as that of the host. Some of these agents, such as ethanol and hydrogen peroxide may,
if used several times a day over a period of 2-3 months, induce mucosal inflammation. This was
observed in a study on corneal epithelial cells, where inflammatory cytokines (IL-1b, IL-6),
chemokines (IL-8/CXCL8), CCL2) and matrix metalloproteases (MMP9) were all upregulated at the
mRNA level 1-3 days after a 30 second exposure to 20% (v/v) ethanol(50). Here, it will be
important to ascertain whether a repeated daily rinse with mouthwash would have any
detrimental impact on the stromal tissue lining. Alternatively, host innate immune responses in
early infection could also represent a strategy to remove virus, and this has not been considered in
any studies to date. Significant advances have been made into the molecular basis of alcoholinduced tissue injury. However, these studies tend to be confined to studies of acute and chronic
alcohol consumption where the metabolism of alcohol into acetaldehyde and reactive oxygen
intermediates modify various physiological processes linked with the maintenance of tissue
homeostasis(97). Currently, there is a lack of research into the potential impact of mouthwash on
local inflammation within the throat and consideration needs be given to both its impact on antiviral immunity and the disruption of tissue integrity.
Additional Reading: We highlight a list of excellent review articles that were consulted as part of
preparing this review and were a source of primary research cited herein:
Budding of viral lipid membranes: Simons et al (98)
Impact of virus on lipid metabolism: Sanchez and Lagunoff (99)
Review of inactivation of coronaviruses on surfaces: Wolff et al (100)
Emergence of SARS-CoV in 2003: Peiris et al (101)
Two papers on the impact of ethanol on interdigitation of membranes: Slatter et al (102, 103)
Control of infection using Povidone-Iodine: Eggers (104)
Summary of the composition of lipid membranes in cells: Van Meer (105)
Search strategy
Since the review covers many areas from basic biochemistry, virology and microbicidal research,
as well as clinical information both in medicine and dentistry, multiple sources were consulted.
Most references were identified from PubMed, Researchgate or Google, using search terms
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(iv) Population based interventions could be considered, although panic buying or dangerous
consumption of ethanol or methanol has to be avoided. As high-risk groups come out of selfisolation, they could represent a population to evaluate clinical outcomes resulting from realworld use of available mouthwashes. The current social restrictions will reduce a number of
transmission risk factor variables and alter clinical outcomes in terms of SARS-CoV-2 infection,
other respiratory infections, and adverse effects, but monitoring outcomes could provide useful
data. Users could be given general advice on product use, recording timings and duration of
gargling for later analysis, or act as controls. Similarly, health workers at high risk of infection
could be provided products and asked to record their use and report outcomes. Ideally, throat
swabs and blood samples would be obtained for testing. There would be logistical, ethical and
regulatory issues involved in setting up investigations. However, given the theoretical plausibility
and data we have reviewed plus the readily available products and urgent need to reduce SARSCoV-2 infection, measures could be considered and action taken to instigate clinical investigation
in the population during the outbreak.

Acknowledgements: The lead author gratefully acknowledges significant input from colleagues
employed at BootsUK, Nottingham (Drs Andrew Inchley, Tracey Thornley, Janet Povey, Charlotte
Kinchley, Ged O’Shea), who provided formulation information on existing mouthwashes, that is
not available in the public domain. BootsUK staff also linked directly with colleagues at
Johnson&Johnson to obtain formulation information, and conducted literature searches, providing
information to the lead author, who had full independent editorial control over drafting and
editing the manuscript. The authors gratefully acknowledge expert advice on viral lipidomes from
Prof Kai Simons, Emeritus Director, Max Planck Institute of Molecular Cell Biology and Genetics,
Dresden. Johnson& Johnson Ltd provided technical information on formulations. No financial
agreements or other form of payment were provided to any parties involved in preparing this
review.
Conflict of Interest: Authors declare no conflicts of interest
Funding acknowledgement. VBO is a Royal Society Wolfson Research Merit Award Holder and
acknowledges funding for LIPID MAPS from Wellcome Trust (203014/Z/16/Z).

References
1.

2.

3.

4.
5.

Gerl MJ, Sampaio JL, Urban S, Kalvodova L, Verbavatz JM, Binnington B, et al. Quantitative
analysis of the lipidomes of the influenza virus envelope and MDCK cell apical membrane. J
Cell Biol. 2012;196(2):213-21.
Garoff H, Simons K, Dobberstein B. Assembly of the Semliki Forest virus membrane
glycoproteins in the membrane of the endoplasmic reticulum in vitro. J Mol Biol.
1978;124(4):587-600.
Kalvodova L, Sampaio JL, Cordo S, Ejsing CS, Shevchenko A, Simons K. The lipidomes of
vesicular stomatitis virus, semliki forest virus, and the host plasma membrane analyzed by
quantitative shotgun mass spectrometry. J Virol. 2009;83(16):7996-8003.
Cluett EB, Machamer CE. The envelope of vaccinia virus reveals an unusual phospholipid in
Golgi complex membranes. J Cell Sci. 1996;109 ( Pt 8):2121-31.
Fleischer B, Zambrano F, Fleischer S. Biochemical characterization of the golgi complex of
mammalian cells. J Supramol Struct. 1974;2(5-6):737-50.
12

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

including “virus”, “coronavirus”, “lipid envelope”, “alcohol”, “membrane”, “chlorhexidine”, and
others, alone and in combination. Many references that were first identified, were then
investigated further to find additional source material and the original primary research which was
then included. The idea for drafting the review was initiated by O’Donnell on 21/03/2020,
through reaching out in person to various international experts, to get their views and input
directly, via phone calls and then follow up emails. Boots UK were approached initially to discuss
the ideas, and for information on formulation of available mouthwashes. Boots researchers and
scientists contacted Johnson&Johnson, who provided proprietary information. Boots researchers
(Kirkdale, Thornley, Povey, Inchley, O’Shea) then conducted further searches of PubMed, Google
and Researchgate, using the same terms. Academic and clinical expertise was consulted for
virology (Stanton, Humphreys, Bosch), clinical/ICU (Fegan, Wise), dental practice (Thomas),
immunology (Jones), lipid biochemistry (Wakelem, Murphy, Simons, O’Donnell) and microbicides
(Sattar, Maillard). Phone/email correspondence with experts generated input, opinions and
identified additional references. No timeline for references was used and no languages were
excluded.

6.

7.
8.

10.

11.

12.
13.

14.
15.
16.
17.
18.

19.

20.

21.

22.

23.
24.

13

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

9.

Hornick CA, Hamilton RL, Spaziani E, Enders GH, Havel RJ. Isolation and characterization of
multivesicular bodies from rat hepatocytes: an organelle distinct from secretory vesicles of
the Golgi apparatus. J Cell Biol. 1985;100(5):1558-69.
Howell KE, Palade GE. Hepatic Golgi fractions resolved into membrane and content
subfractions. J Cell Biol. 1982;92(3):822-32.
Keenan TW, Morre DJ. Phospholipid class and fatty acid composition of golgi apparatus
isolated from rat liver and comparison with other cell fractions. Biochemistry. 1970;9(1):1925.
Moreau P, Cassagne C. Phospholipid trafficking and membrane biogenesis. Biochim Biophys
Acta. 1994;1197(3):257-90.
Kean LS, Grant AM, Angeletti C, Mahe Y, Kuchler K, Fuller RS, et al. Plasma membrane
translocation of fluorescent-labeled phosphatidylethanolamine is controlled by transcription
regulators, PDR1 and PDR3. J Cell Biol. 1997;138(2):255-70.
Krijnse-Locker J, Ericsson M, Rottier PJ, Griffiths G. Characterization of the budding
compartment of mouse hepatitis virus: evidence that transport from the RER to the Golgi
complex requires only one vesicular transport step. J Cell Biol. 1994;124(1-2):55-70.
Tooze J, Tooze SA. Infection of AtT20 murine pituitary tumour cells by mouse hepatitis virus
strain A59: virus budding is restricted to the Golgi region. Eur J Cell Biol. 1985;37:203-12.
Yan B, Chu H, Yang D, Sze KH, Lai PM, Yuan S, et al. Characterization of the Lipidomic Profile of
Human Coronavirus-Infected Cells: Implications for Lipid Metabolism Remodeling upon
Coronavirus Replication. Viruses. 2019;11(1).
Kapadia SB, Chisari FV. Hepatitis C virus RNA replication is regulated by host
geranylgeranylation and fatty acids. Proc Natl Acad Sci U S A. 2005;102(7):2561-6.
Munger J, Bajad SU, Coller HA, Shenk T, Rabinowitz JD. Dynamics of the cellular metabolome
during human cytomegalovirus infection. PLoS Pathog. 2006;2(12):e132.
Pratelli A, Colao V. Role of the lipid rafts in the life cycle of canine coronavirus. J Gen Virol.
2015;96(Pt 2):331-7.
Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronaviruses on inanimate surfaces
and their inactivation with biocidal agents. J Hosp Infect. 2020;104(3):246-51.
Hulkower RL, Casanova LM, Rutala WA, Weber DJ, Sobsey MD. Inactivation of surrogate
coronaviruses on hard surfaces by health care germicides. Am J Infect Control. 2011;39(5):4017.
Sattar SA, Springthorpe VS, Karim Y, Loro P. Chemical disinfection of non-porous inanimate
surfaces experimentally contaminated with four human pathogenic viruses. Epidemiol Infect.
1989;102(3):493-505.
Kratzel A, Todt, D, V’kovski, P, Steiner, S, Gulton, ML, Nhu, TT, Ebert, N, Holwerda, M,
Steinmann, J, Niemeyer, D, Dijkman,R, Kampf, G, Drosten, C, Steinmann, E, Thiel, V, Pfander,
S. Efficient inactivation of SARS-CoV-2 by WHO-recommended hand rub formulations and
alcohols. BioRxiv. 2020. DOI: 10.1101/2020.03.10.986711
Brown TT, Jr. Laboratory evaluation of selected disinfectants as virucidal agents against
porcine parvovirus, pseudorabies virus, and transmissible gastroenteritis virus. Am J Vet Res.
1981;42(6):1033-6.
Saknimit M, Inatsuki I, Sugiyama Y, Yagami K. Virucidal efficacy of physico-chemical
treatments against coronaviruses and parvoviruses of laboratory animals. Jikken Dobutsu.
1988;37(3):341-5.
Swanson DA. A state-based regression model for estimating substate life expectancy.
Demography. 1989;26(1):161-70.
Wood A, Payne D. The action of three antiseptics/disinfectants against enveloped and nonenveloped viruses. J Hosp Infect. 1998;38(4):283-95.

14

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

25. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Müller MA, et al. Virological
assessment of hospitalized patients with COVID-2019. Nature. 2020. DOI: 10.1038/s41586020-2196-x
26. Pan Y, Zhang D, Yang P, Poon LLM, Wang Q. Viral load of SARS-CoV-2 in clinical samples.
Lancet Infect Dis. 2020. DOI: 10.1016/S1473-3099(20)30113-4
27. To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, et al. Temporal profiles of viral load in
posterior oropharyngeal saliva samples and serum antibody responses during infection by
SARS-CoV-2: an observational cohort study. Lancet Infect Dis. 2020.
28. Liu Y, Yan LM, Wan L, Xiang TX, Le A, Liu JM, et al. Viral dynamics in mild and severe cases of
COVID-19. Lancet Infect Dis. 2020. DOI: 10.1016/S1473-3099(20)30196-1
29. Liu Y, Yang Y, Zhang C, Huang F, Wang F, Yuan J, et al. Clinical and biochemical indexes from
2019-nCoV infected patients linked to viral loads and lung injury. Sci China Life Sci.
2020;63(3):364-74.
30. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2 Viral Load in Upper
Respiratory Specimens of Infected Patients. N Engl J Med. 2020;382(12):1177-9.
31. Xu J, Li Y, Gan F, Du Y, Yao Y. Salivary Glands: Potential Reservoirs for COVID-19 Asymptomatic
Infection. J Dent Res. 2020:22034520918518. DOI: 10.1177/0022034520918518
32. Li R, Pei S, Chen B, Song Y, Zhang T, Yang W, et al. Substantial undocumented infection
facilitates the rapid dissemination of novel coronavirus (SARS-CoV2). Science. 2020.
33. Varia M, Wilson S, Sarwal S, McGeer A, Gournis E, Galanis E, et al. Investigation of a
nosocomial outbreak of severe acute respiratory syndrome (SARS) in Toronto, Canada. CMAJ.
2003;169(4):285-92.
34. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, et al.
Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med.
2020.
35. Tamin A, Queen K, Paden CR, Lu X, Andres E, Sakthivel SK, et al. Isolation and growth
characterization of novel full length and deletion mutant human MERS-CoV strains from
clinical specimens collected during 2015. J Gen Virol. 2019;100(11):1523-9.
36. Harcourt J, Tamin A, Lu X, Kamili S, Sakthivel SK, Murray J, et al. Severe Acute Respiratory
Syndrome Coronavirus 2 from Patient with 2019 Novel Coronavirus Disease, United States.
Emerg Infect Dis. 2020;26(6).DOI: 10.3201/eid2606.200516
37. Ly HV, Longo ML. The influence of short-chain alcohols on interfacial tension, mechanical
properties, area/molecule, and permeability of fluid lipid bilayers. Biophys J. 2004;87(2):101333.
38. Komatsu H, Okada S. Ethanol-induced aggregation and fusion of small phosphatidylcholine
liposome: participation of interdigitated membrane formation in their processes. Biochim
Biophys Acta. 1995;1235(2):270-80.
39. Nambi P, Rowe ES, McIntosh TJ. Studies of the ethanol-induced interdigitated gel phase in
phosphatidylcholines using the fluorophore 1,6-diphenyl-1,3,5-hexatriene. Biochemistry.
1988;27(26):9175-82.
40. Rowe ES. Thermodynamic reversibility of phase transitions. Specific effects of alcohols on
phosphatidylcholines. Biochim Biophys Acta. 1985;813(2):321-30.
41. McConnell DS, Schullery, S.E. Phospholipidvesiclefusion and drug loading: temperature,solute
and cholesterol effects, and, a rapid preparationfor solute-loadedvesicles. Biochimica et
BiophysicaActa. 1985;818:13-22.
42. Ahl PL, Chen L, Perkins WR, Minchey SR, Boni LT, Taraschi TF, et al. Interdigitation-fusion: a
new method for producing lipid vesicles of high internal volume. Biochim Biophys Acta.
1994;1195(2):237-44.
43. Komatsu H, Guy PT, Rowe ES. Effect of unilamellar vesicle size on ethanol-induced
interdigitation in dipalmitoylphosphatidylcholine. Chem Phys Lipids. 1993;65(1):11-21.

15

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

44. Boni LT, Minchey SR, Perkins WR, Ahl PL, Slater JL, Tate MW, et al. Curvature dependent
induction of the interdigitated gel phase in DPPC vesicles. Biochim Biophys Acta.
1993;1146(2):247-57.
45. Komatsu H, Okada, S. Effects of ethanol on permeability of
phosphatidylcholine/cholesterol mixed liposomal membranes. Chemistry and Physics of Lipids.
1997;85:67-74.
46. Komatsu H, Okada S. Increased permeability of phase-separated liposomal membranes with
mixtures of ethanol-induced interdigitated and non-interdigitated structures. Biochim Biophys
Acta. 1995;1237(2):169-75.
47. Hunt GR, Jones IC. A 1H-NMR investigation of the effects of ethanol and general anaesthetics
on ion channels and membrane fusion using unilamellar phospholipid membranes. Biochim
Biophys Acta. 1983;736(1):1-10.
48. Barry JA, Gawrisch K. Effects of ethanol on lipid bilayers containing cholesterol, gangliosides,
and sphingomyelin. Biochemistry. 1995;34(27):8852-60.
49. Trandum C, Westh P, Jorgensen K, Mouritsen OG. Association of ethanol with lipid
membranes containing cholesterol, sphingomyelin and ganglioside: a titration calorimetry
study. Biochim Biophys Acta. 1999;1420(1-2):179-88.
50. Oh JY, Yu JM, Ko JH. Analysis of ethanol effects on corneal epithelium. Invest Ophthalmol Vis
Sci. 2013;54(6):3852-6.
51. Sonmez M, Ince HY, Yalcin O, Ajdzanovic V, Spasojevic I, Meiselman HJ, et al. The effect of
alcohols on red blood cell mechanical properties and membrane fluidity depends on their
molecular size. PLoS One. 2013;8(9):e76579.
52. Chi LM, Wu WG. Mechanism of hemolysis of red blood cell mediated by ethanol. Biochim
Biophys Acta. 1991;1062(1):46-50.
53. Tyulina OV, Huentelman MJ, Prokopieva VD, Boldyrev AA, Johnson P. Does ethanol
metabolism affect erythrocyte hemolysis? Biochim Biophys Acta. 2000;1535(1):69-77.
54. Tyulina OV, Prokopieva VD, Dodd RD, Hawkins JR, Clay SW, Wilson DO, et al. In vitro effects of
ethanol, acetaldehyde and fatty acid ethyl esters on human erythrocytes. Alcohol Alcohol.
2002;37(2):179-86.
55. Wang Y, Tong J, Chang B, Wang B, Zhang D, Wang B. Effects of alcohol on intestinal epithelial
barrier permeability and expression of tight junction-associated proteins. Mol Med Rep.
2014;9(6):2352-6.
56. Roberts PL, Lloyd D. Virus inactivation by protein denaturants used in affinity
chromatography. Biologicals. 2007;35(4):343-7.
57. Siddharta A, Pfaender S, Vielle NJ, Dijkman R, Friesland M, Becker B, et al. Virucidal Activity of
World Health Organization-Recommended Formulations Against Enveloped Viruses, Including
Zika, Ebola, and Emerging Coronaviruses. J Infect Dis. 2017;215(6):902-6.
58. Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, et al. Cryo-EM structure of
the 2019-nCoV spike in the prefusion conformation. Science. 2020;367(6483):1260-3.
59. Salimi H, Johnson J, Flores MG, Zhang MS, O'Malley Y, Houtman JC, et al. The lipid membrane
of HIV-1 stabilizes the viral envelope glycoproteins and modulates their sensitivity to antibody
neutralization. J Biol Chem. 2020;295(2):348-62.
60. Nieto-Garai JA, Glass B, Bunn C, Giese M, Jennings G, Brankatschk B, et al. Lipidomimetic
Compounds Act as HIV-1 Entry Inhibitors by Altering Viral Membrane Structure. Front
Immunol. 2018;9:1983.
61. Sands J, Auperin D, Snipes W. Extreme sensitivity of enveloped viruses, including herpes
simplex, to long-chain unsaturated monoglycerides and alcohols. Antimicrob Agents
Chemother. 1979;15(1):67-73.
62. Astani A, Reichling J, Schnitzler P. Comparative study on the antiviral activity of selected
monoterpenes derived from essential oils. Phytother Res. 2010;24(5):673-9.

16

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

63. Meiller TF, Silva A, Ferreira SM, Jabra-Rizk MA, Kelley JI, DePaola LG. Efficacy of Listerine
Antiseptic in reducing viral contamination of saliva. J Clin Periodontol. 2005;32(4):341-6.
64. Dennison DK, Meredith GM, Shillitoe EJ, Caffesse RG. The antiviral spectrum of Listerine
antiseptic. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1995;79(4):442-8.
65. Cheung HY, Wong MM, Cheung SH, Liang LY, Lam YW, Chiu SK. Differential actions of
chlorhexidine on the cell wall of Bacillus subtilis and Escherichia coli. PLoS One.
2012;7(5):e36659.
66. 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(3):874-6.
67. Bonesvoll P, Lokken P, Rolla G, Paus PN. Retention of chlorhexidine in the human oral cavity
after mouth rinses. Arch Oral Biol. 1974;19(3):209-12.
68. Ferretti GA, Raybould TP, Brown AT, Macdonald JS, Greenwood M, Maruyama Y, et al.
Chlorhexidine prophylaxis for chemotherapy- and radiotherapy-induced stomatitis: a
randomized double-blind trial. Oral Surg Oral Med Oral Pathol. 1990;69(3):331-8.
69. Kuo CC, Wang RH, Wang HH, Li CH. Meta-analysis of randomized controlled trials of the
efficacy of propolis mouthwash in cancer therapy-induced oral mucositis. Support Care
Cancer. 2018;26(12):4001-9.
70. Sorensen JB, Skovsgaard T, Bork E, Damstrup L, Ingeberg S. Double-blind, placebo-controlled,
randomized study of chlorhexidine prophylaxis for 5-fluorouracil-based chemotherapyinduced oral mucositis with nonblinded randomized comparison to oral cooling (cryotherapy)
in gastrointestinal malignancies. Cancer. 2008;112(7):1600-6.
71. Veitz-Keenan A, Ferraiolo DM. Oral care with chlorhexidine seems effective for reducing the
incidence of ventilator-associated pneumonia. Evidence-Based Dentistry. 2017;18(4):113-4.
72. Eggers M, Koburger-Janssen T, Eickmann M, Zorn J. In Vitro Bactericidal and Virucidal Efficacy
of Povidone-Iodine Gargle/Mouthwash Against Respiratory and Oral Tract Pathogens. Infect
Dis Ther. 2018;7(2):249-59.
73. Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus by means of povidone-iodine,
physical conditions and chemical reagents. Dermatology. 2006;212 Suppl 1:119-23.
74. Japan Ministry of Health LaW. Pandemic influenza preparedness action plan of the Japanese
Government 2007
75. Nagatake T, Ahmed K, Oishi K. Prevention of respiratory infections by povidone-iodine gargle.
Dermatology. 2002;204 Suppl 1:32-6.
76. Shiraishi T, Nakagawa Y. Evaluation of the bactericidal activity of povidone-iodine and
commercially available gargle preparations. Dermatology. 2002;204 Suppl 1:37-41.
77. Rahimi S, Lazarou G. Late-onset allergic reaction to povidone-iodine resulting in vulvar edema
and urinary retention. Obstet Gynecol. 2010;116 Suppl 2:562-4.
78. Satomura K, Kitamura T, Kawamura T, Shimbo T, Watanabe M, Kamei M, et al. Prevention of
upper respiratory tract infections by gargling: a randomized trial. Am J Prev Med.
2005;29(4):302-7.
79. Shirai J, Kanno T, Tsuchiya Y, Mitsubayashi S, Seki R. Effects of chlorine, iodine, and quaternary
ammonium compound disinfectants on several exotic disease viruses. J Vet Med Sci.
2000;62(1):85-92.
80. Sakai M, Shimbo T, Omata K, Takahashi Y, Satomura K, Kitamura T, et al. Cost-effectiveness of
gargling for the prevention of upper respiratory tract infections. BMC Health Serv Res.
2008;8:258.
81. Ramalingam S, Graham C, Dove J, Morrice L, Sheikh A. A pilot, open labelled, randomised
controlled trial of hypertonic saline nasal irrigation and gargling for the common cold.
Scientific Reports. 2019;9(1):1015.

17

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

82. Ramalingam S, Cai B, Wong J, Twomey M, Chen R, Fu RM, et al. Antiviral innate immune
response in non-myeloid cells is augmented by chloride ions via an increase in intracellular
hypochlorous acid levels. Sci Rep. 2018;8(1):13630.
83. Omidbakhsh N, Sattar SA. Broad-spectrum microbicidal activity, toxicologic assessment, and
materials compatibility of a new generation of accelerated hydrogen peroxide-based
environmental surface disinfectant. Am J Infect Control. 2006;34(5):251-7.
84. Walsh LJ. Safety issues relating to the use of hydrogen peroxide in dentistry. Aust Dent J.
2000;45(4):257-69; quiz 89.
85. Kraus FW, Perry WI, Nickerson JF. Salivary catalase and peroxidase values in normal subjects
and in persons with periodontal disease. Oral Surg Oral Med Oral Pathol. 1958;11(1):95-102.
86. Cai J, Chen Y, Seth S, Furukawa S, Compans RW, Jones DP. Inhibition of influenza infection by
glutathione. Free Radic Biol Med. 2003;34(7):928-36.
87. Staal FJ, Roederer M, Herzenberg LA, Herzenberg LA. Intracellular thiols regulate activation of
nuclear factor kappa B and transcription of human immunodeficiency virus. Proc Natl Acad Sci
U S A. 1990;87(24):9943-7.
88. Xiao J, Deng J, Lv L, Kang Q, Ma P, Yan F, et al. Hydrogen Peroxide Induce Human
Cytomegalovirus Replication through the Activation of p38-MAPK Signaling Pathway. Viruses.
2015;7(6):2816-33.
89. Popkin DL, Zilka S, Dimaano M, Fujioka H, Rackley C, Salata R, et al. Cetylpyridinium Chloride
(CPC) Exhibits Potent, Rapid Activity Against Influenza Viruses in vitro and in vivo. Pathog
Immun. 2017;2(2):252-69.
90. Kohn WG, Collins AS, Cleveland JL, Harte JA, Eklund KJ, Malvitz DM, et al. Guidelines for
infection control in dental health-care settings--2003. MMWR Recomm Rep. 2003;52(RR17):1-61.
91. Feres M, Figueiredo LC, Faveri M, Stewart B, de Vizio W. The effectiveness of a preprocedural
mouthrinse containing cetylpyridinium chloride in reducing bacteria in the dental office. J Am
Dent Assoc. 2010;141(4):415-22.
92. Retamal-Valdes B, Soares GM, Stewart B, Figueiredo LC, Faveri M, Miller S, et al. Effectiveness
of a pre-procedural mouthwash in reducing bacteria in dental aerosols: randomized clinical
trial. Braz Oral Res. 2017;31:e21.
93. 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(5):481-7.
94. Ather A, Patel B, Ruparel NB, Diogenes A, Hargreaves KM. Coronavirus Disease 19 (COVID-19):
Implications for Clinical Dental Care. J Endod. 2020;46(5):584-95.
95. 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(1):9.
96. Firquet S, Beaujard S, Lobert PE, Sane F, Caloone D, Izard D, et al. Survival of Enveloped and
Non-Enveloped Viruses on Inanimate Surfaces. Microbes Environ. 2015;30(2):140-4.
97. Jung MK, Callaci JJ, Lauing KL, Otis JS, Radek KA, Jones MK, et al. Alcohol exposure and
mechanisms of tissue injury and repair. Alcohol Clin Exp Res. 2011;35(3):392-9.
98. Simons K, Garoff H. The budding mechanisms of enveloped animal viruses. J Gen Virol.
1980;50(1):1-21.
99. Sanchez EL, Lagunoff M. Viral activation of cellular metabolism. Virology. 2015;479-480:60918.
100.Wolff MH, Sattar SA, Adegbunrin O, Tetro J. Environmental survival and microbicide
inactivation of coronaviruses. In: Schmidt A, Weber O, Wolff MH, editors. Coronaviruses with
Special Emphasis on First Insights Concerning SARS. Basel: Birkhäuser Basel; 2005. p. 201-12.
101.Peiris JS, Yuen KY, Osterhaus AD, Stohr K. The severe acute respiratory syndrome. N Engl J
Med. 2003;349(25):2431-41.

102.Slater JL, Huang, C.H. . Structure of Biological Membranes. In: Yeagle P, editor. Structure of
Biological Membranes. Boca Raton: CRC Press; 1992.
103.Slater JL, Huang CH. Interdigitated bilayer membranes. Prog Lipid Res. 1988;27(4):325-59.
104.Eggers M. Infectious Disease Management and Control with Povidone Iodine. Infect Dis Ther.
2019;8(4):581-93.
105.van Meer G. Lipids of the Golgi membrane. Trends Cell Biol. 1998;8(1):29-33.

Downloaded from https://academic.oup.com/function/advance-article-abstract/doi/10.1093/function/zqaa002/5836301 by guest on 15 May 2020

18

Komatsu et al (1995, 1995,
1997 (43,45,46)
Dennison DK et al (1995)
(64)
IADR abstract 2010
(footnote 8)
Roberts and Lloyd (2007)
(60)
Siddharta A et al (2017)
(61)
Oh JY et al (2013)
(50)
Sonmez M et al (2013) (51)
Chi LM (1991)
Tyulina OV (2000), (2002)
(52-54)
Wang Y et al (2014)
(55)
Meiller TF et al (2005)
(63)

Study Type
Model membrane vesicles (membrane fluidity,
permeability, interdigitation, thickness, etc)
Formation of interdigitated PL sheets from
small unilamellar vesicles (SUV),
Repeated cycling through transition phase of
model membranes
Leakage of dye from vesicles made of PC,
PE/PC or PC/cholesterol.
In vitro - Herpes, influenza, rotavirus and
adenovirus
H1N1 Influenza A pandemic strain, in vitro

Ethanol
Ethanol > 3.4 M (20% v:v)

26.9% ethanol (v:v) with
essential oils
21.6% ethanol, 30 second rinse

Calcein leaks out at low ethanol
concentrations. Rapid swelling of vesicles.
Enveloped viruses (herpes and influenza)
were significantly impacted
>99.99% reduction in infectivity

Three enveloped viruses: Sindbis, herpes
simplex -1 and vaccinia, in vitro
Enveloped viruses; in vitro infectivity WHO
formulation I in the presence of coronavirus.
Mammalian cell membranes:
Corneal epithelial cells
Mammalian cell membranes: Red blood cells
Mammalian cell membranes:
Red blood cells

20% (v:v) ethanol

Completely inactivated

30 sec exposure of a dilution
containing 34% (v:v) ethanol
20% ethanol; 30 sec incubation

Completely prevented subsequent viral
replication
40% loss of viability; High level of leakage of
intracellular contents
˜10% cell lysis
Potassium leakage and haemolysis

Mammalian cell membranes:
Intestinal cell line (Caco-2)
In vivo human study

Ethanol > 5-10% : long
incubation time of 60 min
21.6% ethanol, 30 second rinse

Meiller TF et al (2005)
In vivo human repeat study
(63)
Sattar et al, (unpublished iFngerpads of adults; Dried inocula; human
data).
respiratory coronavirus 229E

Ethanol above 2 M (11.8% v:v)
Ethanol 86mM (0.5% v:v)
0.6-2.1 M (3.5-12.3 %, v/v)

1M (5.9% v:v) ethanol
Moderate concentrations
around 3 - 4M (18 – 23.5 %).

21.6% ethanol, 30 second rinse
Hand gels with 60% and 70%
ethanol exposed for 20 seconds

Results
Membranes not considered “stable” ;
Interdigitation; rapid swelling of PC vesicles
Formed larger interdigitation-fusion vesicles
(IFVs); leakage of contents of vesicles
Lysis of PC vesicles

Loss of viability, leakage of contents and
disruption of tight junctions
Recoverable virions of herpes simplex types I
and II to 0 post rinse; at 30 minutes all lower
than pre-rinse, 11/20 remained 0
0 recoverable virions in 18/20 post rinse and
12/20 at 30 min; at 60 min all < than baseline
Viability titre of the virus was reduced by
>99.99% in both cases

Table 1 – In vitro and in vivo data supporting the effects of ethanol on biomembranes or enveloped viruses. Studies cited in our text are
summarized above for type, ethanol amount and outcome. They are listed in order of model membranes, followed by in vitro studies on viruses,
studies on mammalian cell membranes, then in vivo studies. Ethanol concentrations were listed also, in some cases, whether v/v, or w/v was used
was not provided in the study. In all studies, refer to the primary literature for full information on the impact of ethanol on the membrane.
Phosphatidylcholine: PC, phosphatidylethanolamine: PE.
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Reference
Ly HV et al (2004)
(37)
Ahl PL et al (1994)
(42)
Hunt GR et al (1983) (47)

Lipidomimetics: J391B and IBS70

Spike protein

Chlorhexidine

Fatty acid

Povidone-iodine
Hydrogen
peroxide

Viral envelope

Membrane
disrupting agents

Ethanol causing
interdigitation of
phospholipids

Phospholipids/sphingomyelin
Cholesterol
Ethanol

mol% of ER membrane lipids:
Phophatidylcholine
58%
Phosphatidylethanolamine 22%,
Phosphatidylserine
3%
Phosphatidylinositol
10%
Sphingomyelin
3%
Cholesterol
0.018%
Reviewed in: Van Meer, Trends Cell Biol. 1998;8(1):29-33

Figure 1. Cartoon representation of the SARS-CoV-2 glycoprotein, embedded in the viral
envelope, along with membrane disrupting agents. Ribbon diagram was obtained from Wrapp
et al (ref58), chemical structures were from PubChem (https://pubchem.ncbi.nlm.nih.gov/) and
Nieto-Garai et al (ref 60)
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