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Objectives: Disinfection effectiveness against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) on human skin remains unclear because of the hazards of viral exposure. An evaluation model,
which has been previously generated using human skin obtained from forensic autopsy samples,
accurately mimics in vivo skin conditions for evaluating the effectiveness of disinfection against the virus.
Using this model, we evaluated disinfection effectiveness against viruses on human skin.
Methods: Ethanol (EA), isopropanol (IPA), chlorhexidine gluconate (CHG) and benzalkonium chloride
(BAC) were used as target disinfectants. First, disinfectant effectiveness against SARS-CoV-2 and influ-
enza A virus (IAV) was evaluated in vitro. Disinfectant effectiveness against SARS-CoV-2 and IAV on
human skin was then evaluated by titrating viruses present on the skin after applying each disinfectant
on the skin for 5e60 seconds.
Results: Both, SARS-CoV-2 and IAV on human skin were completely inactivated within 5 seconds by 40%
e80% EA and 70% IPA (log reduction values (LRVs) were >4). However, SARS-CoV-2 and IAV were barely
inactivated by 20% EA (LRVs were <1). In vitro evaluation showed that, compared with EA and IPA, CHG
and BAC were significantly inferior in terms of disinfection effectiveness. Conversely, the disinfection
effectiveness of CHG and BAC against SARS-CoV-2 was higher on human skin than in vitro, and increased
with increases in their concentration and reaction time (LRVs of 0.2% CHG/0.05% BAC were >2, and LRVs
of 1.0% CHG/0.2% BAC were >2.5).
Conclusions: Proper hand hygiene practices using alcohol-based disinfectants such as EA/IPA effectively
inactivate SARS-CoV-2 and IAV on human skin. Ryohei Hirose, Clin Microbiol Infect 2021;27:1042.e1
e1042.e4
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Contact transmission may be one of the factors responsible for
spreading the novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), causing coronavirus disease 2019. A previous study
has reported that proper hand hygiene is important in preventing
contact transmission of SARS-CoV-2, because of the long-term
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survival of SARS-CoV-2 on the human skin surface [1e4]. Therefore,
knowledge regarding disinfection effectiveness against SARS-CoV-2
on human skin is very important for preventing transmission.
Several previous studies have performed the in vitro evaluation of
disinfection effectiveness against SARS-CoV-2 [2,3,5e8]. These
studies have suggested that alcohol-based disinfectants such as
ethanol (EA) and isopropanol (IPA) are effective against SARS-CoV-2
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[5e7]. Conversely, the disinfection effectiveness of low-level disin-
fectants, such as chlorhexidine gluconate (CHG) and benzalkonium
chloride (BAC), is unclear [3].

Only in vitro evaluations were performed in these studies, so
clinical studies are needed to evaluate these disinfectants' effec-
tiveness for hand hygiene under conditions close to actual use.
However, it is dangerous to apply highly pathogenic and infectious
agents, including SARS-CoV-2, directly to human skin for disinfec-
tion effectiveness evaluation. Consequently, it is extremely difficult
to conduct clinical studies, and the disinfection effectiveness of
these disinfectants against SARS-CoV-2 on human skin remains
unclear.

A model to evaluate pathogen stability on human skin obtained
from forensic autopsy specimens has been previously generated.
Additionally, we confirmed that the model could accurately repli-
cate in vivo skin conditions, and could also be applied to evaluate
disinfection effectiveness against viruses on human skin [1,4].
Hence, we evaluated the disinfection effectiveness of various dis-
infectants used for hand hygiene against SARS-CoV-2 on the human
skin surface using the model. We compared them with in vitro
evaluation results. Moreover, we compared the disinfection effec-
tiveness against SARS-CoV-2 and influenza A virus (IAV), a common
virus transmitted through droplets and contact worldwide.
Materials and methods

For evaluating the target disinfectants, we used 80%, 60%, 40%
and 20% (weight (w)/w) EA (Nacalai Tesque, Kyoto, Japan), 70% (w/
w) IPA (Nacalai Tesque), 0.2% and 1.0% (w/volume (v)) CHG (Saraya,
Osaka, Japan) and 0.05% and 0.2% (w/v) BAC (Yakuhan Pharma-
ceutical, Hokkaido, Japan).

First, in vitro evaluation of disinfectant effectiveness against
SARS-CoV-2 and IAV was performed [9]. Disinfectant effectiveness
against SARS-CoV-2 and IAV on human skin was then evaluated
using the constructed model [1]. Specifically, disinfectant effec-
tiveness was evaluated by titrating SARS-CoV-2 and IAV present on
the skin after applying each disinfectant on the skin for 5, 15 and
60 seconds. The measurement limits of the titres of IAV and SARS-
CoV-2were 101 focus-forming units/mL and 100.5 50% tissue culture
infectious dose (TCID50)/mL, respectively. The log reduction value
was calculated using the virus titres with phosphate-buffered sa-
line instead of disinfectants as a control to evaluate the disinfectant
effectiveness under each condition. The study protocol, including
the sample collection procedures, was reviewed/approved by the
Table 1
Evaluation of disinfectant effectiveness against SARS-CoV-2 and IAV

Log reduction (SARS-CoV-2)

in vitro on skin

5 s 15 s 60 s 5 s 15 s 60 s

80% EA >4.50 >4.50 >4.50 >4.19 >4.17 >4.14
60% EA >4.50 >4.50 >4.50 >4.19 >4.17 >4.14
40% EA >4.50 >4.50 >4.50 >4.19 >4.17 >4.14
20% EA 0.08 ± 0.14 0.25 ± 0.25 0.33 ± 0.14 0.53 ± 0.23 0.61 ± 0.22 0.81 ± 0
70% IPA >4.50 >4.50 >4.50 >4.19 >4.17 >4.14
0.2% CHG 0.33 ± 0.14 0.42 ± 0.14 0.58 ± 0.14 2.19 ± 0.17 2.31 ± 0.21 2.42 ± 0
1.0% CHG 1.00 ± 0.25 1.42 ± 0.14 1.83 ± 0.29 2.64 ± 0.18 2.94 ± 0.30 3.17 ± 0
0.05% BAC 1.33 ± 0.52 1.75 ± 0.43 2.17 ± 0.29 2.03 ± 0.51 2.19 ± 0.50 2.36 ± 0
0.2% BAC 1.83 ± 0.38 2.42 ± 0.58 3.00 ± 0.43 2.72 ± 0.15 2.97 ± 0.20 3.19 ± 0

Abbreviations: BAC, benzalkonium chloride; CHG, chlorhexidine gluconate; EA, ethano
syndrome coronavirus 2.
The log reduction value was calculated to evaluate disinfectant effectiveness under each
reduction value of the condition wherein the virus was inactivated below the measurem
results of disinfection effectiveness against SARS-CoV-2 on each human skin sample.
Institutional Review Board of the Kyoto Prefectural University of
Medicine (ERB-C-1593). The detailed method of each evaluation is
described in the Supplementary materials (Appendix S1 and
Fig. S1).

Results

First, the disinfection effectiveness was evaluated in vitro
(Table 1 and Fig. 1). Although both SARS-CoV-2 and IAV were
completely inactivated within 5 seconds by EA of 40%, 60% and 80%
concentrations, and by 70% IPA (log reduction values were >4),
SARS-CoV-2 and IAV were barely inactivated by 20% EA (log
reduction values were <1). Conversely, the in vitro evaluation of
disinfectant effectiveness showed that CHG and BAC were signifi-
cantly inferior to EA and IPA. The disinfection effectiveness of CHG
on SARS-CoV-2 was slightly higher than that on IAV; however, that
of CHG was generally low under all conditions, with the log
reduction values of 0.2% and 1.0% CHG being <1 and <2, respec-
tively. Moreover, BAC had higher disinfection effectiveness against
both viruses than CHG; its disinfection effectiveness increased with
increasing concentrations and reaction time (the log reduction
values were >3.0 for 0.2% BAC reaction for 60 seconds).

Table 1 and Fig. 1 show that, similar to the in vitro disinfection
effectiveness evaluation results, SARS-CoV-2 and IAV on human
skin were both completely inactivated within 5 seconds by EA at
40%, 60% and 80% concentrations, and by 70% IPA (log reduction
values for 40%e80% EA or 70% IPA applied to the skin for
5e60 seconds were all >4). In contrast, 20% EA barely inactivated
SARS-CoV-2 and IAV (log reduction values were <1). Moreover, the
disinfection effectiveness of CHG against SARS-CoV-2 and IAV on
human skin was higher than that in vitro and increased with
increased CHG concentrations and reaction time. In particular, the
log reduction values on application of 1.0% CHG for 5seconds were
>2.5, and those on application of 1.0% CHG for 60 seconds were
>3.0. The disinfection effectiveness of BAC on SARS-CoV-2 and IAV
was also relatively high and followed a similar trend to that
observed in the in vitro evaluation results. Log reduction values
when 0.2% BAC reacted for 15 seconds were >2.5, and those when
reacted for 60 seconds were >3.0.

Discussion

The skin model used in this study for evaluating disinfection
effectiveness mimics the human skin surface from disinfectant
Log reduction (IAV)

in vitro on skin

5 s 15 s 60 s 5 s 15 s 60 s

>4.10 >4.11 >4.07 >4.12 >4.16 >4.16
>4.10 >4.11 >4.07 >4.12 >4.16 >4.16
>4.10 >4.11 >4.07 >4.12 >4.16 >4.16

.27 0.09 ± 0.07 0.07 ± 0.05 0.06 ± 0.07 0.73 ± 0.08 0.85 ± 0.24 0.88 ± 0.28
>4.10 >4.11 >4.07 >4.12 >4.16 >4.16

.18 0.08 ± 0.05 0.17 ± 0.04 0.19 ± 0.07 0.74 ± 0.16 0.95 ± 0.14 1.02 ± 0.14

.33 0.23 ± 0.01 0.24 ± 0.04 0.40 ± 0.06 2.85 ± 0.71 3.25 ± 0.69 3.39 ± 0.55

.38 0.69 ± 0.13 1.78 ± 0.07 2.71 ± 0.09 0.78 ± 0.20 1.04 ± 0.27 1.23 ± 0.60

.21 1.43 ± 0.23 2.34 ± 0.04 >4.07 1.64 ± 0.41 2.85 ± 0.45 3.24 ± 0.81

l; IAV, influenza A virus; IPA, isopropanol; SARS-CoV-2, severe acute respiratory

condition and was expressed as mean ± standard deviation. Additionally, the log
ent limit was 4 or more and was expressed as ‘>4.xx’.See Fig. 1 for the evaluation



Fig. 1. Evaluation of disinfection effectiveness against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on each human skin sample (sample nos 1, 2 and 3) and of
in vitro disinfection effectiveness. The log reduction value was calculated using the virus titres under conditions where phosphate-buffered saline was used instead of disinfectant as
a control to evaluate the disinfectant effectiveness under each condition. Target disinfectants used included 80%, 60%, 40% and 20% (w/w) ethanol (a), 70% (w/w) isopropanol (b);
0.2% and 1.0% (w/v) chlorhexidine gluconate (c); and 0.05% and 0.2% (w/v) benzalkonium chloride (d). Data are expressed as the mean ± standard deviation of more than three
independent experiments (error bars represent the standard deviation). Abbreviations: BAC, benzalkonium chloride; CHG, chlorhexidine gluconate; EA, ethanol; IPA, isopropanol.
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exposure to natural drying [1]. Three skin samples were prepared
to evaluate disinfection effectiveness under each condition in this
study, and the evaluation results using each skin sample showed
the same tendency (see Fig. 1). Levels of SARS-CoV-2 on the
surface of human skin were inactivated to below the measure-
ment limit by applying more than 40% (w/w) EA for 5 seconds or
longer. Most EA-base disinfectants are mainly composed of 52%e
75% (w/w) EA and the disinfectant rubbing time in general hand
hygiene practice is approximately 15 seconds, so EA-based dis-
infectants were shown to be suitable for use in hand hygiene
targeting SARS-CoV-2 on skin. Additionally, IPA was shown to be
as effective as EA. The above results strongly support previous
research and recommendations that hand hygiene using alcohol-
based disinfectants effectively controls SARS-CoV-2 transmission
[5e7,10].

The effectiveness of low-level disinfectants such as CHG and BAC
against SARS-CoV-2 has been unclear. The in vitro disinfection
effectiveness evaluation showed that CHG and BAC were signifi-
cantly inferior in disinfection effectiveness to alcohol-based
disinfectants. However, the disinfection effectiveness of CHG and
BAC increased during evaluation using this skin model; this sug-
gested that high concentrations of low-level disinfectants such as
0.2% BAC and 1.0% CHG may be relatively effective against SARS-
CoV-2 on the skin. As the disinfectant effect of CHG and BAC can
last after the application, unlike EA and IPA, the effective disinfec-
tant duration when applied on the skin is expected to be longer
than the disinfectant application time. The above results suggest
the potential effectiveness of BAC and CHG. However, as our skin
model still has scope for improvement and neutralization of BAC/
CHG is considerably difficult, the disinfection effectiveness of BAC
and CHG on SARS-CoV-2 may have been overestimated. This is a
limitation of our study, and it needs to be addressed in future
studies; the use of BAC/CHG cannot be recommended based on
these findings.

This study showed that proper hand hygiene practices using
alcohol-based disinfectants effectively prevent SARS-CoV-2 from
adhering to human skin. Our disinfection effectiveness evaluation
model can also be applied to disinfection effectiveness evaluation
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against other highly pathogenic and infectious microbes on human
skin other than SARS-CoV-2.
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