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Background: The coronavirus disease 2019 pandemic has resulted in high levels of expo-
sure of medical workers to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
Hand decontamination is one of the actions recommended to reduce the risk of infection.
Aim: Two disinfectants e BIAK�OS antimicrobial skin and wound cleanser (AWC) and AWC2
(Sanara MedTech, Fort Worth, TX, USA) e were tested to determine whether they can
inactivate SARS-CoV-2 upon contact or as a coating applied before contact with the virus.
Methods: The ability of AWC and AWC2 to inactivate SARS-CoV-2 was tested in liquid and
dried form on plastic surfaces and porcine skin.
Findings: AWC and AWC2 were effective in reducing the infectious titre of SARS-CoV-2 in
liquid form during application and in dried form 4 h after application. Virus on skin was
reduced up to 2 log10-fold and 3.5 log10-fold after treatment with AWC and AWC2,
respectively.
Conclusion: Application of AWC and AWC2 to skin reduces the level of SARS-CoV-2 and the
risk of infection.
ª 2021 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic has
affected millions of people world-wide. The aetiologic agent
is severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), which is a member of the family Coronaviridae, genus
Betacoronavirus and subgenus Sarbecovirus. One of the most
important routes of infection is direct or indirect contact
between people, including a person contacting their
et and Mechanic, Keiller
, Galveston, TX 77550,
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contaminated hand with their nose or mouth, although
infection can also take place through fomites, or respiratory
droplets and aerosols. Therefore, handwashing is an impor-
tant measure to avoid infection, but excessive handwashing
can lead to problems with skin health [1,2], and handwashing
four times or more per day can increase the roughness of the
skin [3] which can, in turn, discourage frequent handwashing.
Dry skin and dermatitis due to excessive handwashing are
particularly prevalent among healthcare workers, as they
work in environments with a high risk of infection. One sol-
ution to this problem could be to apply disinfectants to the
skin to inactivate viruses upon contact and prevent accumu-
lation of live viruses after the application. BIAK�OS anti-
microbial skin and wound cleanser (AWC) and AWC2, an
Ltd. All rights reserved.
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ethanol variant of AWC, are two disinfectants with compo-
nents hypothesized to have antiviral activity against SARS-
CoV-2 (Sanara MedTech, Fort Worth, TX, USA). These ingre-
dients are: (i) polyhexamethylene biguanide (PHMB), a cati-
onic antimicrobial that may attract and adhere to the
negatively charged lipid layer, thereby inactivating the virus
[4,5]; (ii) vicinal diols (octane-1-2-diol and ethyl-
hexylglycerin), which are capable of disrupting lipid struc-
tures [6e8], such as those in the SARS-CoV-2 envelope; (iii)
ethylenediamine tetracetic acid (EDTA), which is known to
have antimicrobial activity that can synergize with various
antimicrobials [6,9]; and (iv) poloxamer 407, a non-ionic
surfactant that helps to solubilize lipids in water [10] and
maintains the activity of PHMB [11] and vicinal diols [6].
PHMB, vicinal diols, EDTA and poloxamer 407 are non-volatile,
and are expected to remain on the skin surface after the
liquid has evaporated. Whereas AWC is water-based, AWC2
uses ethanol as a vehicle, which is likely an active component
in disinfection in liquid form, but evaporates when the
product dries. PHMB and vicinal diols are also hypothesized to
be gentle on the skin. PHMB is commonly used for disinfection
of contact lenses [12] and is proposed to make water potable
[13]. Vicinal diols have dual activity as humectants and
antimicrobials [8]. This study tested AWC and AWC2 in their
liquid and dry forms for disinfection of skin prior to and after
contact with SARS-CoV-2.

Methods

Viruses and cells

Vero E6 (CRL-1586; American Type Culture Collection,
Manassas, VA, USA) cells were maintained in Dulbecco’s
minimal essential media (DMEM; Gibco, Thermo Fisher Sci-
entific, Waltham, MA, USA) with 5% fetal bovine serum (FBS;
Atlanta Biologicals, Flowery Branch, GA, USA), 200 mg/mL of
streptomycin and 200 U/mL of penicillin (Gibco). SARS-CoV-2
virus stock (Strain USA_WA1/2020) was obtained from the
World Reference Center for Emerging Viruses and Arboviruses
at Vero cell passage 3, and amplified in Vero E6 cells using
DMEM with 2% FBS, penicillin and streptomycin as above to
generate the working stock used (Vero passage 4), which had
a titre of 4 x 107 plaque-forming units (PFU)/mL.

Liquid disinfectant tests

Working in biosafety level 3 (BSL-3) conditions, 900 mL of
AWC, AWC2 or phosphate-buffered saline (PBS) was tested in
triplicate. The disinfectant or PBS (negative control) was
added to 100 mL of SARS-CoV-2 stock [containing 1 x 106 plaque-
forming units (PFU)] in a microcentrifuge tube, mixed by gentle
pulse-vortexing, and incubated at room temperature (RT) for
30 s, 1 min or 10 min. Samples were titrated by plaque assay
with a limit of detection of 4 x 102 PFU/mL. To test whether
serial dilution neutralizes the activity of AWC or AWC, these
disinfectants were diluted serially using DMEM containing 2%
FBS, streptomycin and penicillin as described above. Dilutions
of 1:10, 1:100, 1:1,000, 1:10,000 and 1:100,000 were mixed
with 100 mL of virus containing 4 x 106 PFU. These
virusedisinfectant mixtures were incubated at 37�C at 5% CO2,
and titrated by plaque assay.

Disinfectant coating tests on plastic

Fifty microlitres of PBS, AWC or AWC2 was added to each
well of a 96-well plate and allowed to dry for 16 h under
ambient conditions in a biosafety cabinet. Next, 50 mL of SARS-
CoV-2 stock containing 1 x 104 PFU of virus was added to each
well and incubated for 10 min or 1 h at RT in triplicate wells.
The contents of each well were retrieved by washing with 250
mL of DMEM containing 2% FBS supplemented with penicillin and
streptomycin as described above. Titrations by plaque assay
were performed to determine the amount of virus retrieved for
each condition.

Disinfection of porcine skin

For experiments involving skin, a piece of porcine skin
approximately 1.27 cm in diameter was purchased from iFyber
(Ithaca, NY, USA), and shipped frozen after chlorine gas steri-
lization [14]. Skin was washed in 50 mL of PBS prior to the
experiments to remove excess chlorine, and transported to a
BSL-3 laboratory for viral experiments. To test disinfection of
virus on skin, pieces of porcine skin were transferred to a 12-
well plate, and 25 mL of virus containing 1 x 106 PFU was
added to each piece of porcine skin on the epidermal side.
After 5 min of incubation, 25 mL of disinfectant (AWC, AWC2 or
PBS) was added to the epidermal surface and incubated at RT
for 1 min, 5 min or 10 min in triplicate. The pieces of porcine
skin were subsequently washed with a micropipette using 1 mL
of DMEM medium (with 5% FBS, penicillin and streptomycin),
and then themedium and skin were placed in amicrocentrifuge
tube and vortexed for 30 s to retrieve the virus. Finally, 250 mL
of this medium was used for plaque assays, with the limit of
detection (LOD) being 4 PFU per replicate.

To test whether the disinfectants could form a coating on
the skin, providing protection against subsequent viral expo-
sure, pieces of skin were dipped into a 50-mL conical tube
containing 30 mL of PBS, AWC or AWC2 for 30 s in a BSL-3 lab-
oratory. Skin pieces were transferred to 12-well plates and
incubated for 4 h at RT with 60% relative humidity (RH). Sub-
sequently, 25 mL of SARS-CoV-2 containing 2 x 105 PFU was
added to the outer epidermal surface and allowed to incubate
at RT for 10 min, 30 min or 1 h. Following incubation, the skin
and any liquid left on the epidermis were transferred to a
microcentrifuge tube containing 1 mL of DMEM media with 2%
FBS, penicillin and streptomycin, and 250 mL was used for
plaque assays.

Plaque assays

Plaque assays were performed in a BSL-3 laboratory using
Vero E6 cells, as described previously [15].

Statistical analyses

Statistical analyses of plaque assays were performed by
log10-transforming viral titres and performing one-way analysis
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of variance with Sidak’s multiple comparison test. The LOD was
defined as the lowest amount of virus that could be detected in
one replicate for each assay. In all analyses, P�0.05 was con-
sidered to indicate significance.
Results

Hand disinfectants are expected to inactivate virus either
during or after application, depending when exposure to the
pathogen takes place. To test whether liquid AWC and AWC2
have rapid disinfectant activity against SARS-CoV-2, 100 mL of
viral stock (containing 1 x 106 PFU) was mixed with 900 mL of
PBS (as a non-inactivating control), AWC or AWC2, and incu-
bated for 30 s, 1 min or 10 min prior to performing plaque
assays. The PBS control had a viral titre of approximately 1 x
106 PFU/mL, whereas in the presence of AWC and AWC2, viral
titres were reduced to below the LOD (<400 PFU/mL) at all
timepoints (Figure 1A); this showed that both disinfectants
have potent antiviral activity with as little as 30 s of contact.
To determine whether these disinfectants can act on skin
under conditions that mimic hand disinfection, 25 mL of SARS-
CoV-2 stock containing 1 x 106 PFU was added to a piece of
porcine skin on the epidermal side. Five minutes later
(without drying), 25 mL of PBS, AWC or AWC2 was added to the
epidermis, and allowed to contact the virus at RT for 1 min,
5 min or 10 min. These volumes were chosen to avoid liquid
spreading beyond the epidermal surface. The authors were
able to retrieve 5 x 105 PFU/sample for PBS in all three
incubation times (Figure 1B). In comparison, viral titres were
reduced by approximately 2 log10-fold after 1 min, 5 min or
10 min of incubation (Figure 1B) with AWC. AWC2, which is
ethanol based, decreased viral titres further than AWC, by 2.5
log10-fold at 1 min, 3 log10-fold at 5 min, and 3.5 log10-fold at
10 min of incubation (Figure 1B). These data suggest that AWC
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Figure 1. Liquid BIAK�OS antimicrobial skin and wound cleanser (AWC
ratory syndrome coronavirus-2 (SARS-CoV-2). (A) SARS-CoV-2 titres we
added to liquid AWC or AWC2 in a 1:10 ratio and the mixture was titrate
2 was added to porcine skin and an equal volume of disinfectant was a
variance with Sidak’s multiple comparison test was used to assess sig
buffered saline; PFU, plaque-forming units.
and AWC2 could both function as effective hand disinfectants
against SARS-CoV-2.

To determine whether dried AWC and AWC2 coatings
retained activity against SARS-CoV-2, 50 mL of PBS, AWC or
AWC2 was added to each well of a 96-well plate and allowed to
dry overnight. Next, 50 mL of virus containing 1 x 104 PFU was
added to each well and incubated at RT for 10 min or 1 h. For
the PBS control condition, 3.5 and 3.3 log10 PFU of virus was
recovered after 10 min and 1 h of incubation, respectively.
Both AWC and AWC2 reduced the average viral titre by�2 log10-
fold after 10 min of treatment, with AWC reducing the viral
titre of two of three samples to below the LOD, and AWC2
reducing one of three samples to below the LOD (Figure 2A).
After 1 h of incubation, AWC reduced the viral titre by �2.2
log10-fold, with the measurement of two of three samples
falling below the LOD, and AWC2 reduced the viral titre by 2.5
log10-fold or more, with all samples falling below the LOD
(Figure 2A).

To mimic conditions in which a person applied disinfectant
to their hand and allowed it to dry, porcine skin was immersed
in PBS, AWC or AWC2 for 30 s, transferred to a plate and
incubated for 4 h at RT and 60% RH. After 4 h, 25 mL of SARS-
CoV-2 containing 2 x 105 PFU was added to the epidermal
surface and incubated at RT for 10 min, 30 min or 1 h. After
10 min of incubation, both AWC and AWC2 were able to
reduce the viral titre approximately 10-fold in comparison
with the PBS control (Figure 2B). After 30 min of incubation,
there was a reduction in viral titre of >10-fold, and after 1 h
of incubation, the reduction was 100-fold in comparison with
PBS, suggesting that application of AWC or AWC2 to skin prior
to viral contact can reduce viral levels and the risk of infec-
tion and spread (Figure 2B). To ensure that AWC and AWC2
were neutralized by the serial dilution of the plaque assays,
AWC and AWC2 were diluted serially 1:10 through 1:100,000
and mixed with 100 mL of virus stock containing 4 x 106 PFU.
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Figure 2. Dried BIAK�OS antimicrobial skin and wound cleanser (AWC) and AWC2 have disinfectant effects against severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). (A) Dried AWC and AWC2 disinfected SARS-CoV-2 on a polystyrene surface. AWC and AWC2 were
allowed to dry on the bottom of a 96-well plate and then put in contact with virus. (B) Dried AWC and AWC2 on porcine skin disinfected
against SARS-CoV-2. Porcine skins were dipped in AWC or AWC2, allowed to dry and then virus was added. Error bars indicate standard
deviations. One-way analysis of variance with Sidak’s multiple comparison test was used to assess significance. *P�0.05; **P�0.01;
****P�0.0001. LOD, limit of detection; PBS, phosphate-buffered saline; PFU, plaque-forming units.
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The antiviral activity of AWC was neutralized completely by
dilution at 1:10. AWC2 had some activity remaining at 1:10
dilution but not at the subsequent dilutions (Figure S1, see
online supplementary material).
Discussion

A previous study found that vicinal diols, EDTA and PHMB,
which are components of AWC and AWC2, act synergistically as
antimicrobials against meticillin-resistant Staphylococcus aureus
and Pseudomonas aeruginosa biofilms [6]. The present results
demonstrate that AWC and AWC2 have disinfectant activity
against SARS-CoV-2, both in liquid and dry forms, and suggest that
the application of AWC and AWC2 to skin before or after contact
with a virus can reduce the risk of human infection and spread.
Although the present results of skin disinfection with SARS-CoV-2
are limited, the disinfectant activity of AWC and AWC2 in sus-
pension are similar to the disinfectant activity of ethanol and
isopropanol formulations [16]. In their dried forms, AWC and
AWC2 were similarly effective at inactivating SARS-CoV-2. In
contrast, in liquid form, AWC2 was more effective for decon-
tamination of porcine skin than AWC, possibly because it is based
on ethanol whereas AWC is based on water. As AWC does not
contain ethanol, its formulation may be advantageous for appli-
cation in hospital settings where handwashing is frequent, as
ethanol has been shown to dry the skin [17].

Handwashing with soap and water is recommended to
prevent SARS-CoV-2 infection, and AWC and AWC2 should not
replace handwashing. However, these products may be suit-
able for use after, or between, hand washes. Handwashing
four times or more per day can be associated with drier skin
and dermatitis, and medical workers have a higher preva-
lence of dermatitis due to frequent handwashing [1,3].
Therefore, AWC and AWC2 could be used to help keep medical
workers safe, whilst avoiding skin conditions arising from
other hand hygiene products.
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