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endoplasmic reticulum, and Golgi complex.3,4 During this, viral
proteins are incorporated at the expense of host cell proteins,
creating the shed viral particle.5 Thus, for most viruses, the en-
velope lipids are considered to be the same as the host mem-
branes (phospholipids, sphingolipids, and some cholesterol).
Lipid composition is not the same across subcellular mem-
branes with mammalian plasma membranes having higher
cholesterol and sphingolipid content.6–12 While the lipid
makeup of the envelope of SARS-CoV-2 has not been character-
ized yet, coronaviruses are known to bud from the endoplasmic
reticulum Golgi intermediate compartment (ERGIC), before be-
ing transported by exocytosis in cargo vesicles.13,14 This indi-
cates their composition will be related to endoplasmic
reticulum membrane, which contains more phosphatidylcho-
line, but less cholesterol and sphingolipids than the plasma
membrane.6–12 A recent report demonstrated that coronavirus

(HCoV-229E) regulates host lipid metabolism in response to in-
fection, in common with many other viruses.15–17 However, no
information on the virus lipid envelope composition was pro-
vided, and its specific composition has not been determined
experimentally.
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toxicity is not accounted for. Bacterial pathogens contain very
different membranes in lipid and protein composition, includ-
ing lipopolysaccharides and peptidoglycans, so they are not
considered here. Below we summarize the literature on impact
of ethanol on cell/model membranes (Table 1).

Low Concentrations of Ethanol Cause Swelling,
Interdigitation, and Leakage in Model Membranes
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it is well known that lipid membrane biophysical perturbations
can impact on conformation and function of many transmem-
brane proteins in mammalian cells. In this regard, the lipid
membrane of HIV-1 was recently demonstrated to stabilize viral
membrane glycoproteins and regulates their sensitivity to neu-
tralization by antibodies.62 Thus, lower concentrations of etha-
nol could alter pathogenicity without complete neutralization
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.

Membrane Perturbation Without Lysis can
Dampen Enveloped Virus Infectivity

The concept that perturbing the membrane could inactivate vi-
ruses 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 mem-
brane and dampen infectivity of HIV-1.2 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 be-
ing incorporated into the membrane and inducing changes in
lipid order and buoyant density of the particles. In support of
this, a study in the 1970s showed that fatty acids and monogly-
cerides of 16–18 carbon chain length are highly effective in vitro,
reducing survival of herpes simplex virus to around 50% at con-
centrations down to 0.2 lM.63 These studies use compounds
that are nontoxic to mammalian cells and show great promise,
thus research is needed to determine whether they are also ac-
tive against the envelope of SARS-CoV-2 both in vitro and
in vivo.

Table 1. In vitro and in vivo data supporting the effects of ethanol on biomembranes or enveloped viruses

Reference Study type Ethanol Results

Ly and Longo39 Model membrane vesicles (membrane fluidity, per-
meability, interdigitation, thickness, etc.)

Ethanol >3.4 M (20%
v:v)

Membranes not considered “stable”;
interdigitation; rapid swelling of PC
vesicles

Ahl et al.40 Formation of interdigitated PL sheets from SUV Ethanol above 2 M
(11.8% v:v)

Formed larger IFVs; leakage of con-
tents of vesicles

Hunt et al.41 Repeated cycling through transition phase of model
membranes

Ethanol 86 mM (0.5%
v:v)

Lysis of PC vesicles

Komatsu et al.42–44 Leakage of dye from vesicles made of PC, PE/PC, or
PC/cholesterol.

0.6–2.1 M (3.5%–
12.3%, v/v)

Calcein leaks out at low ethanol con-
centrations. Rapid swelling of
vesicles.

Dennison et al.45 In vitro—Herpes, influenza, rotavirus, and
adenovirus

26.9% ethanol (v:v)
with essential oils

Enveloped viruses (herpes and influ-
enza) were significantly impacted

IADR abstract 2010 H1N1 Influenza A pandemic strain, in vitro 21.6% ethanol, 30-s
rinse

>99.99% reduction in infectivity

Roberts and Lloyd46 Three enveloped viruses: Sindbis, herpes simplex-1
and vaccinia, in vitro

20% (v:v) ethanol Completely inactivated

Siddharta et al.47 Enveloped viruses; in vitro infectivity WHO formula-
tion I in the presence of coronavirus.

30-s exposure of a
dilution contain-
ing 34% (v:v)
ethanol

Completely prevented subsequent vi-
ral replication

Oh et al.48 Mammalian cell membranes: Corneal epithelial cells 20% ethanol; 30-s
incubation

40% loss of viability; high level of leak-
age of intracellular contents

Sonmez et al.49 Mammalian cell membranes: Red blood cells 1M (5.9% v:v) ethanol Approximately 10% cell lysis
Chi and Wu50 and

Tyulina et al.51,52

Mammalian cell membranes: Red blood cells Moderate concentra-
tions around 3–4M
(18%–23.5%).

Potassium leakage and hemolysis

Wang et al.53 Mammalian cell membranes: Intestinal cell line
(Caco-2)

Ethanol >5%–10%:
long incubation
time of 60 min

Loss of viability, leakage of contents,
and disruption of tight junctions

Meiller et al.54 In vivo human study 21.6% ethanol, 30-s
rinse

Recoverable virions of herpes simplex
types I and II to 0 post rinse; at 30
min all lower than prerinse, 11/20
remained 0

Meiller et al.54 In vivo human repeat study 21.6% ethanol, 30-s
rinse

0 recoverable virions in 18/20 post
rinse and 12/20 at 30 min; at 60 min
all less than baseline

Sattar et al.
(unpublished data)

Finger pads of adults; Dried inocula; human respira-
tory coronavirus 229E

Hand gels with 60%
and 70% ethanol
exposed for 20 s

Viability titer of the virus was reduced
by >99.99% in both cases

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 vi-

ruses, 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 pro-

vided in the study. In all studies, refer to the primary literature for full information on the impact of ethanol on the membrane. PC, Phosphatidylcholine, PE,

phosphatidylethanolamine.
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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 eth-
anol (Table 1), or other active agents, through reviewing avail-
able literature.
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also consider population usage of mouthwash preparations
and viral spread.
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