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Background: The coronavirus disease 2019 pandemic has greatly increased the frequency
of disinfecting surfaces in public places, causing a strain on the ability to obtain dis-
infectant solutions. An alternative is to use plain alcohols (EtOH and IPA) or sodium
hypochlorite (SH).
Aim: To determine the efficacy of various concentrations of EtOH, IPA and SH on a human
coronavirus (HCoV) dried on to surfaces using short contact times.
Methods: High concentrations of infectious HCoV were dried on to porcelain and ceramic
tiles, then treated with various concentrations of the alcohols for contact times of 15 s,
30 s and 1 min. Three concentrations of SH were also tested. Reductions in titres were
measured using the tissue culture infectious dose 50 assay.
Findings: Concentrations of EtOH and IPA from 62% to 80% were very efficient at inacti-
vating high concentrations of HCoV dried on to tile surfaces, even with a 15-s contact
time. Concentrations of 95% dehydrated the virus, allowing infectious virus to survive. The
dilutions of SH recommended by the Centers for Disease Control and Prevention (1/10 and
1/50) were efficient at inactivating high concentrations of HCoV dried on to tile surfaces,
whereas a 1/100 dilution had substantially lower activity.
Conclusions: Multiple concentrations of EtOH, IPA and SH efficiently inactivated infectious
HCoV on hard surfaces, typical of those found in public places. Often no remaining
infectious HCoV could be detected.
ª 2020 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

With the rapid spread of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) around the world, there has been
a concomitant rapid increase in the need for effective
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rs).

ociety. Published by Elsevier
sanitizers/disinfectants. With the major method of trans-
mission being through aerosolized respiratory droplets, and
virus remaining viable on surfaces for hours or even days
[1e3], there is a constant need to disinfect surfaces properly.
Healthcare institutes, businesses and homes quickly found
themselves in need of reagents to disinfect surfaces, and the
need to disinfect surfaces more frequently resulted in product
shortages. To increase awareness of potentially effective
surface disinfectant products for use against the possible
presence of SARS-CoV-2 on surfaces, the Environmental
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Protection Agency (EPA) provided a list of ‘Disinfectants for
use against SARS-CoV-2’ [4]. Under their guidelines, EPA
allows a manufacturer to provide data which show that their
product(s) is (are) potentially effective against harder-to-
inactivate viruses. After receiving approval from EPA, the
manufacturers can market claims for use against SARS-CoV-2.
While this list can potentially provide important information
to users, it has several shortcomings. First, for many of the
disinfectants on the list, it is difficult, if not impossible, to
obtain the experimental protocols used to determine the
effectiveness of the disinfectant. Second, the US Food and
Drug Administration, EPA, and the Department of Health and
Human Services all require that standards for meeting efficacy
data requirements include testing virucidal effects on a car-
rier (surface), as opposed to a suspension assay [5e7]. Third,
the surface or carrier test also requires the drying of virus on
to the carrier in the presence of a protein ‘soil’, and the virus
is subsequently recovered and assayed for infectivity [5e7].
Fourth, many of the contact times reported on EPA’s list are
not realistic for practical use. A contact time >1 min is often
not pragmatic under normal situations in healthcare insti-
tutes, business or homes. It is also questionable if the viruses
used to make these claims are really harder-to-inactivate
viruses. This list was developed to provide necessary guid-
ance at the beginning of the present pandemic. For that early
need, it was an important aid. However, the list was meant to
be a stop gap until more evidence-based studies could be
completed.

In the absence of readily available disinfectants, many
public places have found that the only products available in the
necessary quantities are common alcohols e ethanol (EtOH)
and isopropyl alcohol (IPA) e without additives. This study
investigated the efficacy of these two basic disinfectants,
which are relatively easy to obtain, and are relatively safe for
use in public areas. Various concentrations of these two alco-
hols, commonly used in disinfectants and sanitizers, were
tested. To satisfy the requirements of hard surfaces as carriers,
ceramic and porcelain tiles that are commonly found in public
places were tested. All assays were performed in the presence
of a ‘soil’, bovine serum albumin (BSA). For all of the assays,
high titre stocks of human coronavirus 229e (HCoV-229e) were
used as a surrogate for SARS-CoV-2. While there are clear dif-
ferences in the pathology of these viruses, they are from the
same family of viruses, have very similar structures, and both
are human respiratory pathogens. In a dried state, SARS-1 has
been shown to survive for up to 9 days, whereas HCoV-229e
only survived for up to 6 days [8]; however, comparison
between disinfectants were not undertaken. Using the surro-
gate enabled the authors to rapidly test and provide science-
based answers in the search for an effective surface dis-
infectant, using contact times that better reflect real-life
situations.
Methods

Cell lines, cell culture and virus

Huh7 cells were grown in Dulbecco Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
(DMEM10) and 100 U/mL pen/strep, and the cells were grown in
5% CO2 at 37

�C. Infectious stocks of HCoV 229e were prepared
by seeding T75 flasks with 7 � 106 Huh7 cells, which were
incubated overnight. The following day, the media was
changed to DMEM with 2% FBS (DMEM2), and cells were infected
with virus using a multiplicity of infection of 0.01. The infected
flasks were incubated in 5% CO2 at 35�C for 2 days. On the
second day, the flasks were frozen at -80�C for at least 1 h, then
thawed in a 37�C water bath, taking care to remove them from
the water bath before they were completely thawed. Thawing
was completed at room temperature. The cell suspensions
were transferred to a 15-mL polypropylene tube and sonicated
on ice in a cup sonicator at 100 W peak envelope power, with
three bursts of 20 s each. The lysates were clarified by cen-
trifugation at 3000 rpm for 10 min at 4�C, and the supernatant
was poured into a fresh 15-mL tube. Virus solutions were ali-
quoted into eight 0.5-mL portions, and several smaller aliquots
were frozen for long-term storage at -80�C. One of the smaller
aliquots was used to determine the titre of the stock using the
tissue culture infectious dose 50 (TCID50) assay.

TCID50 assay

Huh7 cells were harvested, counted and resuspended in
DMEM2 to a concentration of 1.5 � 106 cells/mL. Next, 100 mL
of the cell suspension was added to each well of the 96-well
plate. Plates were incubated overnight in 5% CO2 at 37�C.
Serial 10-fold dilutions of virus were added to each column of
wells containing cells. An extra row of mock-infected cells was
included across the bottom as controls. The plates were
incubated in 5% CO2 at 35�C for 3 days. On the third day, the
wells were examined for the presence of cytopathic effects
(CPE), and TCID50 was calculated using the ReedeMuench
method [9], based on the number of wells positive for CPE
at each dilution.

Disinfectant testing

The disinfectants used in the study were EtOH (Thermo
Fisher Scientific, Waltham, MA, USA), IPA (Sigma-Aldrich, St
Louis, MO, USA), glutaraldehyde (GTA) (Cidex and Cidexplus;
Advanced Sterilization Products, Irvine, CA, USA), ortho-
phthalaldehyde (OPA) (Cidex OPA; Advanced Sterilization
Products) and sodium hypochlorite (SH) (Activate; Deardorff
Fitzsimmons Corp., Merlin, OR, USA). Each disinfectant was
prepared according to the manufacturer’s recommendations
and stated dilution immediately before testing.

Porcelain and ceramic tiles were purchased from a local
building supply company and used as carriers for the dis-
infection assays (Figure 1). Carriers were soaked in 10%
hydrogen peroxide for 15 min, neutralized in sterile water
containing 200 U/mL of catalase for 10 min, and rinsed in
sterile water for 10 min before being dried in a sterile Petri dish
[10,11]. Two hundred microlitres of an organic load or soil of 5%
BSA was added to the virus suspension, and 200 mL of this virus
solution was spread on to a single carrier side with a sterile
pipette tip. The inoculated carriers were allowed to dry in a
laminar flow cabinet for 30 min. Immediately after drying, 1 mL
of each liquid disinfectant was added to the surface of the
carrier, covering the entire area containing the dried virus.
Carriers were then incubated at room temperature for contact
times of 15 s, 30 s and 1 min. Virus was subsequently scraped
off the carrier into a 15-mL Amicon Ultra centrifugal filter
(100,000 MW cut-off) and 2 mL of neutralizer was added to the



Figure 1. Common tiles used in public places. Tiles were separated into individual pieces and used as carriers for the disinfectant testing.
(A,B) Porcelain tiles. (C,D) Ceramic tiles.
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filters immediately. The filters were centrifuged at 4000 rpm
for 10 min, washed four times with DMEM2, and centrifuged
again at 4000 rpm for 10 min. The virus-containing eluents were
then assayed for infectivity using the TCID50 method. At least
four replicate assays were performed for each disinfectant and
contact time. Controls for virus recovery after drying on a
carrier were included for each set of assays performed. No
significant decrease (<0.5 log10) in infectious virus was
observed due to drying the virus on either type of tile. Neu-
tralizers used were DMEM2 for EtOH and IPA, and 7% glycine for
SH, GTA and OPA.

Results

Table I shows that, in general, both EtOH and IPAwere highly
effective at inactivating HCoV. EtOH concentrations of 62%,
70%, 75% and 80%, and IPA concentrations of 70%, 75% and 80%
were able to produce >4 log10 inactivation of HCoV, and in
some cases, no remaining infectious virus could be detected.
More than 99.99% reduction of infectious virus was observed at
all contact times, including the shortest time of 15 s. In many
instances, it was not possible to detect any residual infectious
virus (Table I). However, in a few cases with contact times of
15 s or 30 s, some of the replicates reached only a 3 log10
reduction (Table I), although this level still means that >99.9%
of the infectious virus was destroyed. Interestingly, at the
highest concentrations tested (95% EtOH and 95% IPA),
significant reductions in virus inactivation were observed, with
some contact times producing <2 log10 reduction of infectious
virus.

Due to the authors’ previous experience testing bleach (SH)
[10e13], and the potential for people to have it available for
use to disinfect surfaces, the decision was made to include SH
in these evaluations. Common concentrations of bleach pur-
chased by the general public contain between 5% and 6% SH,
and it is recommended to be used at a dilution of 1/10 to 1/
100. In this study, 5.25% SH diluted 1/10 (w0.525%) was used,
as the authors have done previously as a positive virucidal
control [10,11,13]. As expected, 0.525% SH was highly effec-
tive at inactivating HCoV, producing >4 log10 decrease in
infectious virus. No signs of remaining infectivity were
observed for any of the contact times (Table I). As there are
recommendations to use bleach at 1/50 and 1/100 dilutions
for sanitizing surfaces [14,15], the authors also tested the 1/
100 dilution (w0.0525% SH), and found a significant decrease
in its ability to inactivate HCoV (Table I). Sometimes, the
inactivation was <2 log10 decrease. A 1/50 dilution (w0.1%
SH) was also tested (Table I), and the efficacy of 0.1% SH was
similar to that of 0.525% SH, both producing >4 log10 decrease
in infectivity with contact times of 30 s and 15 s. With both
0.525% and 0.1% SH, there was no evidence of any remaining
infectious virus (Table I).

Due to its prominent role for the last several decades as a
hospital sterilant, GTA was also tested. As expected, GTA



Table I

Effectiveness of disinfectants against human coronavirus 229e after different contact times

Disinfectant Carrier Log10 decrease contact time

1 min

Log10 decrease contact time

30 s

Log10 decrease contact time

15 s

62% EtOH Porcelain >4 log10
a >4 log10

a >4 log10
a

62% EtOH Ceramic >4 log10
a >4 log10 >4 log10

a

70% ETOH Porcelain >4 log10
a >4 log10

a >4 log10
a

70% ETOH Ceramic >4 log10
a >4 log10

a >4 log10
75% ETOH Porcelain >4 log10 >4 log10

a >4 log10
a

75% ETOH Ceramic >4 log10
a >4 log10

a >3 to >4 log10
80% ETOH Porcelain >4 log10

a �4 log10 >4 log10
80% ETOH Ceramic >4 log10

a >4 log10 >4 log10
95% ETOH Porcelain >1 but <2 log10 >2 but <3 log10 >2 but <3 log10
95% ETOH Ceramic >1 but <2 log10 >1 but <2 log10 <1 to <2 log10
70% IPA Porcelain >4 log10

a >4 log10
a >4 log10

a

70% IPA Ceramic >4 log10
a >3 to >4 log10 >4 log10

a

75% IPA Porcelain >4 log10
a >4 log10

a >4 log10
a

75% IPA Ceramic >4 log10
a >4 log10 >3 to >4 log10

80% IPA Porcelain >4 log10 >4 log10
a >4 log10

80% IPA Ceramic >4 log10
a >4 log10

a >4 log10
a

95% IPA Porcelain >3 but <4 log10 >3 but <4 log10 >4 log10
95% IPA Ceramic >1 but <2 log10 >1 to >2 log10 �3 to >4 log10
0.525% SH Porcelain >4 log10

a >4 log10
a >4 log10

a

0.525% SH Ceramic >4 log10
a >4 log10

a >4 log10
a

0.0525% SH Porcelain >2 but <3 log10 >2 to <3 log10 >1 to <2 log10
0.0525% SH Ceramic >1 to <2 log10 >1 to <2 log10 >1 to <3 log10
0.1% SH Porcelain ND ND ND
0.1% SH Ceramic >4 log10

a >4 log10
a >4 log10

a

GTA Porcelain >4 log10
a >4 log10

a >4 log10
a

GTA Ceramic >4 log10
a >4 log10

a >4 log10
a

EtOH, ethanol; IPA, isopropanol; GTA, glutaraldehyde; ND, not done; OPA, ortho-phthalaldehyde; SH, sodium hypochlorite.
a No detection of remaining infectious virus.
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proved to be highly effective at inactivating HCoV, producing
>4 log10 decrease in infectious virus at all contact times
(Table I).

Discussion

In the midst of a pandemic, the supply chain may not be able
to provide traditional disinfectants at sufficient speed to meet
needs. Basic alcohols (EtOH and IPA) are likely easy solutions to
fill unmet needs. Clear evidence-based answers to important
questions of contact times, effect of carrier types, and the
influence of soil contamination on disinfectants used on a new
infectious organism are minimal or non-existent. The aim of
this study was to create a more real-world situation to evaluate
the efficacy of available disinfecting agents. In situations such
as the present pandemic, these may be the only products
available during times of shortage. This study used a wide
range of concentrations, porcelain and ceramic tile carriers
(common surfaces in public places), contamination with
organic soil, and short contact times that represent real-world
practices in disinfecting public spaces. The study found that
EtOH and IPA at concentrations ranging from 62% to 80% are
highly effective at inactivating HCoV on tile surfaces, even with
contact times as low as 15 s. While there were slight differ-
ences between the two carriers, both were able to inactivate
>99.99% or 99.9% of the virus. Noteworthy differences were
observed when 95% EtOH or 95% IPA was used. It is likely that a
minimum concentration of water is required to catalyse
microbial penetration, allowing these agents to perform their
destructive effects optimally. Higher concentrations of alcohol
may dehydrate the virus, allowing significant levels to remain
viable [16,17]. Therefore, the adage that ‘more is better’ is not
necessarily true for alcohols. As many public spaces have
bleach on hand, this was also tested at three recommended
concentrations [14,15]. Concentrations of 0.525% and 0.1%
inactivated �99.99% of the virus within short contact times.
However, 0.0525% SH was much less effective at inactivating
the virus.

Several studies have reported the efficacy of various dis-
infectants in inactivating CoVs, including animal [18,19] and
human [1e10] CoVs. These studies are discussed in a 2020
review [11]. The majority of these studies did not use the
carrier method of drying the virus on to a solid surface. It has
been shown recently that HCoV can remain infectious in aer-
osols for hours and on surfaces for days [12], demonstrating
the importance of testing the efficacy of a disinfectant in the
manner in which it will be used (i.e. to disinfect solid surfa-
ces). Of those studies that used the carrier method, some
dried the virus on Petri dishes [2,13] while others used stain-
less steel as the carrier [1,14,15]. Similar to the use of stain-
less steel, this study used carriers that represented real-world
situations. Porcelain and ceramic tiles are common surfaces in
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many public places, and require constant disinfection during a
pandemic. This study found only small differences in effect,
<1 log10 inactivation, between the two tile types for only a
few of the disinfectant concentrations and contact times
tested.

Previous studies of particular relevance to the present
results used different concentrations of EtOH and IPA
[7e9,15,16]. All but one of these studies used the suspension
technique, so those testing high concentrations of EtOH or IPA
were unable to factor in the rapid dehydration phenomenon
which is characteristic of these agents. The only study that
performed testing by drying the virus on to a carrier only used
70% EtOH [15]. Results from these studies aligned well with the
present results, but none covered the range of concentrations
covered here, with the majority only testing a few concen-
trations. In addition, only one study used the carrier model.
Two studies that tested bleach as a surface disinfectant
showed, in agreement with the present study, that diluting SH
100-fold resulted in poor inactivation of two animal CoVs
(mouse hepatitis virus and transmissible gastroenteritis virus
[15]) or HCoV 229e [1]. In addition, one of these studies also
tested SH diluted 50-fold, and observed a 99.9% reduction in
virus titre [1], similar to the present results.

SARS-CoV-2 is the third pathogenic HCoV with significant
mortality to spread in the human population in the past 20
years [17,18]. After its emergence, it spread rapidly around
the world. While there is potential for other mechanisms of
transmission, aerosolization and fomites are considered the
most probable means. Some of the most common symptoms
of COVID-19 are associated with the formation of aerosols.
Persons infected but showing only mild or no symptoms can
readily spread the virus by aerosols [19]. Aerosols directly
and indirectly contaminate surfaces in all public places, on
which the virus can stay infectious for days [12]. This resul-
ted in persons responsible for the safety of many public
places, including healthcare institutes, businesses and
homes, trying to find solutions to their need to disinfect
surfaces much more often. This led to rapid strain on the
supply chain to provide sufficient quantities of normally used
disinfectant compositions. One answer was the use of readily
available agents such as common alcohols (EtOH and IPA) and
diluted bleach. This study provides important information on
the efficacy of these agents at different concentrations to
inactivate HCoV.
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