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Abstract: Human norovirus (HuNoV) is a major causative agent of foodborne illness and
causes acute viral gastroenteritis. This study aimed to compare the virucidal efficacies of
alcohol-based disinfectants against HuNoV and its surrogates for murine norovirus and
feline calicivirus using a cell culture infectivity assay. Additionally, the study evaluated the
validity of estimating virucidal efficacy on HuNoV from the results of virucidal efficacy
on the surrogate virus. All disinfectants decreased the titer of each virus by >3 log10 and
>4 log10 for an exposure duration of 30 s against murine norovirus and feline calicivirus, re-
spectively. However, acidic alcohol-based disinfectants completely inactivated the HuNoV
GII.17 strain for 30 or 60 s, whereas an alkaline alcohol-based disinfectant did not inactivate
HuNoV GII.17 for 60 s. This finding indicates that the pH of alcohol disinfectants affects
their virucidal effects against HuNoV, and acidity has a higher virucidal efficacy against
HuNoV than alkalinity. Disinfectants showing virucidal efficacy against surrogates were
not effective against HuNoV. Few studies have used cell culture infectivity assays to test the
inactivating effects of hand sanitizers on HuNoV and its surrogates. Our study provides
useful information for the development of disinfectants that are effective against HuNoV.

Keywords: human norovirus; murine norovirus; feline calicivirus; inactivation; alcohol-based
disinfectant; hand sanitizer; environmental disinfectant

1. Introduction
Norovirus belongs to the genus Norovirus in the family Caliciviridae. It is a nonen-

veloped virus with an icosahedral capsid and a diameter of 27–40 nm [1]. Noroviruses are
classified into 10 groups (GI–GX), of which GI, GII, GIV, GVIII, and GIX infect humans [2].
The norovirus genome is a positive-sense, single-stranded RNA with a length of approxi-
mately 7.5 kb [2]. Except for murine norovirus (MNoV), the norovirus genome contains
three open reading frames (ORFs), with ORF1 encoding nonstructural proteins as well as
ORF2 and ORF3 encoding viral protein 1 (VP1) and VP2, respectively.

Human norovirus (HuNoV) infects humans and causes acute viral gastroenteritis [3].
HuNoV is highly infectious and transmission to humans can occur by only a few dozen
viruses that enter through the mouth [4]. HuNoV infection is easily spread through human–
object–human or human–human contact transmission [5]. Because there is no effective
vaccine or medicine against HuNoV, transmission must be prevented. Alcohol-based disin-
fectants are widely used in healthcare and food production facilities because of their ease
of use due to quick drying, low residue, low corrosion, and low skin irritation. However,
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alcohol is not effective against some nonenveloped viruses, including HuNoV. Therefore,
developing alcohol-based disinfectants that are effective against HuNoV is desirable.

For many years, no artificial cell culture method was established for HuNoV. The
following two methods have been mainly used to estimate the inactivation of HuNoV:
(i) cell culture infectivity assay using MNoV, feline calicivirus (FCV), and Tulane virus
(TV), which are genetically similar to HuNoV and can be cultured in vitro [6–16]; and
(ii) detection by gene amplification of HuNoV (reverse transcription-polymerase chain
reaction [RT-PCR] assay) [8–11,17–19]. However, both assessment methods have limitations.
In cell culture infectivity assays, MNoV, FCV, and TV have been used as HuNoV surrogate
viruses. FCV belongs to the same family, Caliciviridae, as HuNoV, but it is associated with
upper respiratory tract disease in cats [20] and exhibits different physicochemical properties
than norovirus [11,21]. However, MNoV causes modest intestinal pathology in wild-type
mice [22], and TV causes diarrhea and duodenal inflammation in rhesus macaques [23].
The receptors for MNoV are CD300lf and CD300ld [24]; however, TV recognizes histo-blood
group antigens in a manner similar to HuNoV [25]. Thus, HuNoV infection may be more
closely related to TV than FCV and MNoV infection. However, the method for evaluating
TV inactivation has some difficulties, such as the need to obtain TV samples from positive
stool samples or other researchers. In contrast, FCV and MNoV samples are available
as products from distribution institutions, such as the American Type Culture Collection
(ATCC), making evaluation easier than that with TV. The guidelines of the Centers for
Disease Control and Prevention (CDCs) mention FCV and MNoV as examples of HuNoV
surrogate viruses [26]. Furthermore, it is recommended that the virucidal efficacy of
disinfectants should be evaluated using multiple surrogate viruses rather than a single
surrogate virus [26]. Therefore, even after the HuNoV culture system was established using
human intestinal enteroids [27], virucidal efficacy has been evaluated using the surrogate
viruses FCV and MNoV [28,29]. This estimation is based on the hypothesis that MNoV,
FCV, and HuNoV have similar susceptibilities to disinfectants. However, these viruses have
different susceptibilities to chemical substances, such as alcohol, acid, and alkali [11,21].
Therefore, there might be differences in the virucidal efficacy of alcohol-based disinfectants
between surrogate viruses and HuNoV. It is necessary to verify whether disinfectants
effective against both FCV and MNoV are effective against HuNoV. In the RT-PCR assay,
viral inactivation is evaluated based on the amplification of the HuNoV genome before
and after disinfectant treatment. This method detects only decreases in viral genes due to
disinfectant treatment and does not determine whether the virus is infectious to the cells.
For poliovirus 1 or FCV, even if viral genes are detected by RT-PCR, they do not indicate
the presence of an infectious virus [30]. Therefore, it is possible that the RT-PCR assay does
not accurately evaluate viral inactivation.

Since 2016, artificial culture methods have been established for HuNoV [27,31], making
it possible to evaluate HuNoV inactivation using cell culture infectivity assays. Several
studies have evaluated the virucidal efficacy of disinfectants against HuNoV, including
alcohol [32–35]. However, to our knowledge, no studies have evaluated the correlation
between virucidal efficacy against HuNoV and its surrogates using a cell culture infectivity
assay. By comparing the susceptibility of these viruses to disinfectants, we provide insights
for estimating the virucidal efficacy against HuNoV from the inactivation efficacy of
surrogates. In this study, we compared the efficacy of four commercially available alcohol-
based disinfectants and 70% ethanol against HuNoV, MNoV, and FCV using a cell culture
infectivity assay.
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2. Materials and Methods
2.1. Cells

RAW 264.7 cells (TIB-71, ATCC, Manassas, VA, USA) were cultured at 37 ◦C under
a 5% CO2 atmosphere in Dulbecco’s modified Eagle’s medium (DMEM, Merck, Darm-
stadt, Germany) containing 10% heat-inactivated fetal bovine serum (FBS, Biowest, Nuaillé,
France), 100 U/L penicillin, and 100 mg/L streptomycin (Fujifilm Wako, Osaka, Japan).
Crandell–Rees feline kidney (CRFK) cells (CCL-94, ATCC) were cultured at 37 ◦C un-
der a 5% CO2 atmosphere in DMEM containing 10% heat-inactivated FBS and 5 mg/L
gentamicin sulfate (Fujifilm Wako). Human induced pluripotent stem cell-derived small
intestinal epithelial-like cells (F-hiSIEC, Fujifilm, Tokyo, Japan) were cultured according to
the manufacturer’s instructions.

2.2. Viruses

MNoV strain S7 (a gift from Dr. Yukinobu Tohya, Nihon University) was propagated
in RAW 264.7 cells using DMEM containing 10% heat-inactivated FBS, 100 U/L penicillin,
and 100 mg/L streptomycin. FCV strain F9 (VR-782, ATCC) was propagated in CRFK
cells using a modified Eagle’s minimum essential medium (Opti-MEM, Gibco, Thermo
Scientific, Waltham, MA, USA). Confluent monolayers of RAW 264.7 or CRFK cells in
T-150 cm2 cell culture flasks were infected with MNoV or FCV at a multiplicity of infection
of 0.001 to prepare virus stocks and incubated at 37 ◦C under 5% CO2 atmosphere until a
complete cytopathic effect was apparent. The virus suspension was harvested from the cell
supernatant followed by centrifugation (CF16RN, Himac, Ibaraki, Japan) at 3500× g for
20 min at 4 ◦C. The virus was stored in aliquots at −80 ◦C until use. The titers of MNoV
and FCV stocks were 5.9–7.3 log10 median tissue culture infectious dose (TCID50)/50 µL
and 5.9–6.7 log10 TCID50/100 µL, respectively.

GII.17 HuNoV was collected from the stool of a patient positive for HuNoV. To prepare
10% stool suspensions, HuNoV-positive stool was suspended in phosphate-buffered saline
(PBS, Fujifilm Wako) followed by mixing in a bioshaker (BR-23FP, TAITEC, Saitama, Japan)
at 300 rpm for 20 min. The suspension was centrifuged at 10,000× g for 5 min at 4 ◦C. The
supernatant was passed serially through 5-, 0.8-, 0.45-, and 0.22-µm filters (Merck). The
filtered 10% stool suspension was aliquoted and frozen at −80 ◦C until use. A HuNoV
suspension was prepared by diluting tenfold to 3.6 × 104 genome equivalents (GEs)/µL
with PBS immediately before use.

2.3. Disinfectant Solutions

Four alcohol-based disinfectant products (A–D) manufactured by Niitaka Co., Ltd.
(Osaka, Japan) were obtained (Table 1). Then, 70 wt% ethanol was prepared by dilut-
ing ≥ 99.5% ethanol (Sigma-Aldrich, St. Louis, MO, USA) with distilled water.

Table 1. Alcohol-based disinfectants.

Product Name
Active Ingredient pH Disinfectant UsesMain Component Concentration

A Ethanol
Phosphoric acid

72.6 wt%
0.8 wt% 3.2 Hand sanitizer

B Ethanol
Citric acid

57.2 wt%
1.9 wt% 3.2 Environmental

disinfectant

C Ethanol
Tartaric acid

67.9 wt%
0.8 wt% 3.2 Environmental

disinfectant

D Ethanol
Sodium hydrogen carbonate

57.2 wt%
0.5 wt% 9.1 Environmental

disinfectant
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2.4. Assessment of Disinfectant Solutions Against MNoV and FCV

A mixture of 10% beef extract (Nacalai Tesque, Kyoto, Japan) and MNoV or FCV
suspension was prepared at a ratio of 1:1. Five microliters of MNoV or FCV suspension
containing 5% beef extract was mixed with 45 µL of each disinfectant solution or medium
(DMEM for MNoV and Opti-MEM for FCV) and incubated at room temperature for 30 or
60 s. Ten microliters of each suspension were quickly added to 1990 µL of medium (DMEM
containing 10% FBS for MNoV and Opti-MEM for FCV) to neutralize their virucidal
activity. For MNoV, the diluted sample was added to RAW264.7 cells (initial cell seeding
concentration: 2.5 × 104 cells/well) and cultured for 3 h after seeding on a 96-well microtiter
plate. For FCV, the diluted sample was added to confluent monolayers of CRFK cells (initial
cell seeding concentration: 8.0 × 103 cells/well) cultured at 37 ◦C under 5% CO2 atmosphere
for 3 or 4 days after seeding on a 96-well microtiter plate. The cells were cultured at 37 ◦C
under an atmosphere containing 5% CO2 for 4 days. A cytopathic effect was observed, and
TCID50 was calculated from the cytopathic effect using the Behrens–Kärber method [36].

2.5. Assessment of Disinfectant Solutions Against HuNoV

Briefly, 10 µL of HuNoV suspension containing 3.6 × 104 GEs/µL was mixed with
90 µL of each disinfectant solution and incubated at room temperature for 30 or 60 s. Each
virus mixture was quickly mixed with 1000 µL of Advanced DMEM/F-12 (Gibco, Thermo
Scientific) to dilute the disinfectant 11-fold. To remove the disinfectant components and
concentrate virus, the dilution was ultracentrifuged using Optima MAX-TL with a type
TLA-55 rotor (Beckman Coulter, Brea, CA, USA) at 55,000 rpm for 90 min at 4 ◦C. The
supernatant was removed, and the pellet was resuspended in 100 µL of culture medium for
F-hiSIECs containing 500 µM sodium glycochenodeoxycholate (Sigma-Aldrich). As a result,
1100 µL of a solution containing disinfectant-treated virus and the medium was concen-
trated to 100 µL—an 11-fold concentration—matching the original volume used when the
virus suspension and disinfectant were mixed. One-half of the resuspended mixture (50 µL)
was transferred to two confluent monolayers of F-hiSIECs seeded on a 96-well microtiter
plate, followed by 3 h of incubation at 37 ◦C under 5% CO2 atmosphere. The inoculum
was removed, and the F-hiSIEC monolayers were washed twice with DMEM/F-12 (Gibco,
Thermo Scientific). One hundred microliters of culture medium for F-hiSIECs containing
500 µM sodium glycochenodeoxycholate was added to the monolayers. Of the two identi-
cal plates, the monolayers and supernatants on one plate were harvested with 300 µL of
TRIsure (Bioline, London, UK) at 3 h post-infection (hpi). Cells and supernatants on the
other plate were incubated at 37 ◦C under a 5% CO2 atmosphere for 69 h and harvested
with TRIsure at 72 hpi. An untreated control was tested in the same manner, replacing the
disinfectant solution with PBS.

2.6. Quantification of the HuNoV Genome

HuNoV RNA was extracted from F-hiSIEC monolayers and the supernatants at 3 and
72 hpi using Direct-zol RNA MiniPrep Kit (Zymo Research, Irvine, CA, USA) following the
manufacturer’s instructions. RNA was eluted in 50 µL of distilled water.

HuNoV RNA GEs of 3 and 72 hpi were determined by reverse transcription-
quantitative PCR (RT-qPCR) using CFX Opus Deepwell Real-Time PCR System (Bio-Rad,
Hercules, CA, USA) in a 20 µL reaction volume targeting the conserved ORF1–ORF2 junc-
tion of GII HuNoV. The primer pair COG2F/COG2R and the probe RING2AL-TP were
used to detect HuNoV RNA using Luna Universal Probe One-Step RT-qPCR Kit (New
England Biolabs, Ipswich, MA, USA) according to the manufacturer’s instructions [37].
Five microliters of RNA extract solution were used to detect HuNoV RNA in each sample.
A standard curve generated using a plasmid containing HuNoV genome sequences was
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used to quantify viral GEs in the RNA samples. The limit of detection in RT-qPCR analysis
was defined as 5 GEs per reaction (2.4 log10 GEs/well) based on a standard curve.

2.7. Statistical Analysis

Experimental data for the surrogate virus and HuNoV were collected from three and
two independent experiments, respectively. Data were indicated as mean ± standard
deviation. Data were compared using Welch’s t-test and Kruskal–Wallis test followed by
Steel’s test using Microsoft Excel version 2406 and Statcel 4 software (OMS Publishing,
Saitama, Japan), respectively. A p-value < 0.05 was considered statistically significant.

2.8. Ethical Statement

The studies involving human stool samples were approved by the bioethics committee
of Niitaka Co., Ltd. (approval number 22-02). Patients provided written informed consent
to participate in this study.

3. Results
3.1. Virucidal Activities of Disinfectant Solutions Against MNoV and FCV

We assessed the efficacy of 70 wt% ethanol and four disinfectant products against
HuNoV surrogates, MNoV and FCV. To simulate real-world conditions, an assay with an
exposure duration of 30 or 60 s was performed using virus mixtures combined equally
with 10% beef extract as organic matter. No cytotoxicity was observed under any condition
when the cells were treated with a disinfectant solution diluted 200-fold with medium, and
the disinfectants diluted with the medium neutralized their virucidal activity (Table S1).
First, we assessed the virucidal efficacy against MNoV. The MNoV infectivity titer signifi-
cantly decreased after 30 s of treatment with 70 wt% ethanol compared with the untreated
medium control (6.8 ± 0.1 log10 TCID50/50 µL with untreated versus < 1.9 ± 0.3 log10

TCID50/50 µL with 70 wt% ethanol, p < 0.01, Table 2). Further, 70 wt% ethanol decreased
the MNoV titer by >4.9 ± 0.4 log10. When MNoV was treated with products A–D for
30 s, the titer was significantly decreased compared with the untreated medium control
(5.9 ± 0.2 log10 TCID50/50 µL with untreated versus < 1.8 ± 0.0 log10 TCID50/50 µL with
product A, p < 0.01; 6.2 ± 0.2 log10 TCID50/50 µL with untreated versus 2.9 ± 0.3 log10

TCID50/50 µL with product B, p < 0.01; 6.1 ± 0.2 log10 TCID50/50 µL with untreated versus
< 1.8 ± 0.1 log10 TCID50/50 µL with product C, p < 0.01; and 6.5 ± 0.4 log10 TCID50/50 µL
with untreated versus < 1.8 ± 0.0 log10 TCID50/50 µL with product D, p < 0.01, Table 2).
Consequently, the titer reductions for MNoV were >4.9 ± 0.4 log10, >4.1 ± 0.2 log10,
3.3 ± 0.4 log10, >4.3 ± 0.1 log10, and >4.7 ± 0.4 log10 for treatments with 70 wt% ethanol,
product A, product B, product C, and product D, respectively (Table 2). When the exposure
duration of product B treatment was extended to 60 s, the reduction in MNoV titer was
increased to >4.4 ± 0.2 log10 (Table 2).

Next, we assessed the virucidal efficacy against FCV. There was no significant dif-
ference in the infectivity titer of 70 wt% ethanol-treated FCV compared with that of
the untreated medium control (5.9 ± 0.2 log10 TCID50/100 µL with untreated versus
6.0 ± 0.3 log10 TCID50/100 µL with 70 wt% ethanol, Table 3). Further, 70 wt% ethanol
did not decrease the FCV titer. In contrast, when FCV was treated with products A–D
for 30 s, the titer was significantly decreased compared with that of the untreated control
(6.3 ± 0.3 log10 TCID50/100 µL with untreated versus < 1.8 ± 0.1 log10 TCID50/100 µL with
product A, p < 0.01; 6.2 ± 0.3 log10 TCID50/100 µL with untreated versus < 1.8 ± 0.0 log10

TCID50/100 µL with product B, p < 0.01; 6.3 ± 0.1 log10 TCID50/100 µL with untreated
versus < 1.9 ± 0.1 log10 TCID50/100 µL with product C, p < 0.01; and 6.7 ± 0.2 log10

TCID50/100 µL with untreated versus < 1.8 ± 0.1 log10 TCID50/100 µL with product D,
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p < 0.01, Table 3). As a result, the FCV titer reductions were >4.5 ± 0.1 log10, >4.4 ± 0.3 log10,
>4.4 ± 0.1 log10, and >4.9 ± 0.1 log10 for product A, product B, product C, and product D
treatment, respectively (Table 3). Therefore, under the condition of organic matter addition,
the four products exhibited high virucidal efficacy against MNoV and FCV. In addition,
70 wt% ethanol effectively inactivated MNoV but did not inactivate FCV.

Table 2. Virucidal activities of disinfectant solutions against MNoV.

Disinfectant
Solutions

Exposure
Duration [s]

Viral Infectivity Titer
[log10 TCID50/50 µL] (a) Decrease in Viral

Titer [log10]
Untreated Disinfectant Treatment (b)

70 wt% ethanol 30 6.8
(0.1)

1.9 **
(0.3)

>4.9
(0.4)

Product A 30 5.9
(0.2)

1.8 **
(0.0)

>4.1
(0.2)

Product B
30 6.2

(0.2)
2.9 **
(0.3)

3.3
(0.4)

60 6.2
(0.2)

1.8 **
(0.0)

>4.4
(0.2)

Product C 30 6.1
(0.2)

1.8 **
(0.1)

>4.3
(0.1)

Product D 30 6.5
(0.4)

1.8 **
(0.0)

>4.7
(0.4)

(a) Data are shown as mean, and standard deviations are shown in parentheses. (b) Asterisks indicate significant
differences between the untreated and each disinfectant-treated group (** p < 0.01). Statistical analysis was
conducted using Welch’s t-test in Microsoft Excel version 2406.

Table 3. Virucidal activities of disinfectant solutions against FCV.

Disinfectant
Solutions

Exposure
Duration [s]

Viral Infectivity Titer
[log10 TCID50/100 µL] (a) Decrease in Viral

Titer [log10]
Untreated Disinfectant Treatment (b)

70 wt% ethanol 30 5.9
(0.2)

6.0
(0.3)

−0.1
(0.3)

Product A 30 6.3
(0.3)

1.8 **
(0.1)

>4.5
(0.1)

Product B 30 6.2
(0.3)

1.8 **
(0.0)

>4.4
(0.3)

Product C 30 6.3
(0.1)

1.9 **
(0.1)

>4.4
(0.1)

Product D 30 6.7
(0.2)

1.8 **
(0.1)

>4.9
(0.1)

(a) Data are presented as mean, and standard deviations are shown in parentheses. (b) Asterisks indicate significant
differences between the untreated and each disinfectant-treated group (** p < 0.01). Statistical analysis was
conducted using Welch’s t-test in Microsoft Excel version 2406.

3.2. Virucidal Activities of Disinfectant Solutions Against GII.17 HuNoV

The efficacy of four disinfectant products and 70 wt% ethanol against GII.17 HuNoV
was evaluated at exposure durations of 30 and 60 s. GII.17 HuNoV genomic RNA
(at least 1.8 × 103 GEs/well) was required to establish HuNoV infection in F-hiSIECs
(Figure S1). HuNoV inactivation tests were performed using HuNoV suspensions con-
taining 1.8 × 105 GEs/well; thus, a maximum of 2 log10 reductions in HuNoV GEs was
detectable. When disinfectant-treated HuNoV was added to the cells, cytotoxicity was
not observed under any condition because of the separation of disinfectant components
from HuNoV and each disinfectant mixture by ultracentrifugation. In a test to confirm
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the neutralizing efficiency of virucidal activity, the amount of HuNoV RNA at 72 hpi for
products A–D and 70 wt% ethanol treatment increased between 7- and 28-fold compared
with those at 3 hpi (Figure S2). The increase in the amounts of HuNoV RNA was compa-
rable to the 13-fold increase in the PBS control (Figure S2). Thus, it was confirmed that
the components contained in the disinfectants did not affect viral proliferation, indicating
that the virucidal efficacy of the disinfectants was properly neutralized. We quantified
the amount of genomic RNA detected at 72 hpi after treatment with products A–C (acidic
disinfectants) for 60 s. After treatment, the amounts were significantly reduced compared
with that of the PBS control (6.3 ± 0.9 log10 GEs with untreated versus < 2.4 ± 0.0 log10

GEs with product A, product B, and product C, p < 0.01; Figure 1A) and were below the
detection limit. Therefore, we obtained complete inactivation results against HuNoV with
products A–C in the culture system. The RNA amount at 72 hpi treated with product
D (alkaline disinfectant) or 70 wt% ethanol for 60 s was significantly reduced compared
with treatment with the PBS control at 72 hpi (6.3 ± 0.9 log10 GEs with untreated versus
5.4 ± 0.2 log10 GEs with product D, p < 0.05 and 6.3 ± 0.9 log10 GEs with untreated versus
5.5 ± 0.3 log10 GEs with 70 wt% ethanol, p < 0.05, Figure 1A). However, the amount of
HuNoV RNA at 72 hpi proliferated 10- and 15-fold compared with those at 3 hpi following
treatment with product D and 70 wt% ethanol, respectively, indicating that HuNoV was
not inactivated (Figure 1A).

Because product A has been used as a hand sanitizer, it was considered more desir-
able to inactivate HuNoV for a short duration. Therefore, the efficiency of product A in
inactivating HuNoV for a shorter exposure duration (30 s) was evaluated. The amount
of HuNoV RNA at 72 hpi for product A was below the detection limit at an exposure
duration of 30 s and significantly reduced compared with the PBS control (6.8 ± 1.0 log10

GEs with untreated versus < 2.4 ± 0.0 log10 GEs with product A, p < 0.01, Figure 1B).
Therefore, product A completely inactivated HuNoV at only 30 s (Figure 1B). These data
showed that the virucidal efficacy against HuNoV differed depending on the pH or ethanol
concentration of the alcohol disinfectants, indicating that acidic alcohol disinfectants are
more effective than alkaline ones.
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Figure 1. GII.17 HuNoV inactivation by disinfectants containing ethanol. We tested the exposure
duration of disinfectant solutions against HuNoV at 60 s (A) or 30 s (B). HuNoV inactivation assays
were performed as described in Materials and Methods. Viral RNA was extracted from both cells and
supernatants at 3 and 72 hpi. Viral RNA was quantified using reverse transcriptase quantitative PCR
(RT-qPCR). Values on the vertical axis indicate the amount of HuNoV RNA at 3 and 72 hpi. Labels on
the horizontal axis indicate the disinfectant solutions used in the HuNoV inactivation experiments.
Results are presented as mean ± standard deviation. Each experiment was performed two times. The
compiled data represent the RNA mean of three wells. Dashed lines indicate detection limits for the
assay. Data were compared using the Kruskal–Wallis test, followed by Steel’s test. Asterisks indicate
significant differences between the untreated and each disinfectant-treated group at 72 hpi (* p < 0.05
and ** p < 0.01).

4. Discussion
This study compared the virucidal efficacy of alcohol-based disinfectant products

against HuNoV and two surrogates using a cell culture infectivity assay and evaluated the
validity of estimating the virucidal efficacy of HuNoV from the virucidal efficacy of the
surrogate virus. The following are the findings: (i) all products containing at least 57.2 wt%
ethanol and acid or alkaline agent were highly efficient in inactivating MNoV and FCV in
the presence of organic matter for an exposure duration of 30 s. All products reduced virus
titers by >3 log10 against MNoV and >4 log10 against FCV (Tables 2 and 3); (ii) products
A–C, containing at least 57.2 wt% ethanol and acid agents, inactivated HuNoV below
the detection limit with an exposure duration of 30 or 60 s (p < 0.01, Figure 1), whereas
product D, which contained 57.2 wt% ethanol and an alkaline agent, showed no virucidal
efficacy against HuNoV at an exposure duration of 60 s (Figure 1). We hypothesized that
the pH of the alcohol disinfectant affected its effectiveness against HuNoV, and the acidic
alcohol disinfectant was more effective for HuNoV inactivation than the alkaline alcohol
disinfectant. These results indicate that the alcohol-based disinfectants used in this study
were effective against surrogate viruses but not always against HuNoV.

Ethanol solution has high virucidal efficacy against enveloped viruses [38]. However,
its virucidal efficacy against nonenveloped viruses varies according to the type of virus [38].
FCV, a nonenveloped virus, is relatively resistant to ethanol, regardless of concentration,
but MNoV showed high sensitivity to ethanol [11]. A study evaluating the sensitivity of
surrogate viruses to pH showed that FCV is more likely to be inactivated at ≤pH 3 and
≥10 and that MNoV is less sensitive to pH [21]. FCVs are internalized by cells during
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infection, and uncoating occurs because of endosomal acidification [39]. Therefore, FCV
capsid protein may be particularly unstable and easily inactivated under acidic conditions.
The results of this study are similar to those of previous studies. Products A, B, and C
contained phosphoric acid, citric acid, and tartaric acid, respectively, and the pH of each
product was 3. In contrast, product D contained sodium bicarbonate and had a pH of 9. The
four products showed high inactivating effects against both surrogate viruses because they
contained high concentrations of ethanol (>57.22 wt%) with a pH of 3.2 or 9.2 (Table 1). FCV
may have been inactivated by the combined effects of ethanol and the acidic or alkaline
components in the disinfectant, and MNoV was inactivated by the high concentration of
ethanol (>57.2 wt%) in the disinfectant.

Several reports have examined the inactivating effect of ethanol against HuNoV.
Costantini et al. reported that 70% ethanol could not inactivate five HuNoV GII.4
strains [32]. Sato et al. reported that 70% ethanol was effective in inactivating GII.4
but not GII.3, GII.6, GII.17, or GI.7 [33]. Susceptibility to ethanol may differ depending on
the genotype of HuNoV. The strain GII.17 might be more resistant to ethanol than GII.4,
which is prevalent worldwide. Similarly, in this study, GII.17 was not inactivated by 70%
ethanol (Figure 1A).

Several studies have evaluated the correlation between HuNoV inactivation and
pH. Acidic alcohol solutions (pH ~3.1) completely inactivated GII.4 and GII.17 for 30 s
of exposure, whereas alkaline alcohol solutions (pH ~11) completely inactivated GII.4
but not GII.17 [33]. The results of this study were similar to those of previous reports.
Products A–C, the acidic disinfectants (pH 3.2), completely inactivated GII.17 strains for
30 or 60 s of exposure, whereas product D, the alkaline disinfectant (pH 9.1), was unable
to inactivate GII.17 for 60 s of exposure (Figure 1). Abou-Hamand et al. investigated the
correlation between HuNoV morphology and pH [40]. The morphology of GII.17 virus-like
particle (VLP) changed in a pH-dependent manner. In an acidic solution at pH 2, VLP
disassembled completely. At pH 4, VLP aggregated, but in an alkaline solution at pH 9.6,
VLP was structurally intact [40]. Based on these findings, the capsid protein surface of
GII.17 strains may be susceptible to acidic solutions; thus, GII.17 strains may be easily
inactivated. However, because the GII.17 capsid protein was stable in relatively weak
alkaline solutions, we hypothesized that the relatively weak alkaline state did not affect
viral inactivation. Because GII.17 HuNoV may be inactivated in alkaline solutions, further
verification of virucidal efficacy in moderate-to-strong alkaline solutions is needed.

HuNoV may differ in susceptibility to disinfectants depending on genotype [32,33].
Our study showed the effect of disinfectants on only HuNoV GII.17. HuNoV GII.4 caused a
worldwide pandemic, and other genotypes caused sporadic epidemics. Although this study
demonstrates the importance of evaluation using HuNoV itself rather than surrogates,
we recognize that future inactivation studies using various HuNoV genotypes should be
conducted to accumulate data to validate the efficacy of disinfectants.

CDC guidelines indicated that disinfectants effective against both MNoV and FCV
surrogate viruses, rather than just one, are likely to be effective against HuNoV [26].
Although there are some similarities in the inactivation characteristics of alcohol-based
disinfectants against HuNoV and its surrogates, this study showed that effective products
against both surrogates were not necessarily effective against HuNoV. A method capable
of culturing HuNoV in vitro was developed in 2016 [27] but has not been widely adopted
because of the high cost of introducing the culture system and the ethical hurdles in using
fecal samples from patients for study. Therefore, the virucidal efficacy against HuNoV has
been evaluated using surrogates. The use of HuNoV rather than surrogates is important
when evaluating the efficiency of disinfectants in inactivating HuNoV. This information
may be useful for developing effective HuNoV disinfectants. However, the currently
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established in vitro HuNoV culture system cannot quantitatively evaluate viral infection
titers because plaque assays are not applicable. Although there is a study in which the
amount of HuNoV RNA measured by RT-PCR was applied to the TCID50 method, to
our knowledge, the evaluation of HuNoV infectivity using the TCID50 method is not
common [41]. Therefore, it is difficult to evaluate the virucidal efficacy of disinfectants and
other agents against HuNoV based on the decreased level of virus infectivity titer. Methods
must be developed for HuNoV to quantify viral infective titers in the same way as that
for other viruses, such as FCV and MNoV, to accurately evaluate the virucidal efficacy
of disinfectants.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/microorganisms13020368/s1. More details can be found in the following:
1. Evaluation of neutralizing effect of 70 wt% ethanol and alcohol-based disinfectant products on
murine norovirus (MNoV) and feline calicivirus (FCV); Table S1: Evaluation of the neutralizing
efficiency of 70 wt% ethanol and disinfectant products against MNoV and FCV; Figure S1: Correlation
between the amount of human norovirus (HuNoV) RNA in the HuNoV infection experiments and
HuNoV RNA proliferation in monolayer intestinal epithelial cells; Figure S2: Evaluation of the
neutralizing efficiency of virucidal activity of products and 70 wt% ethanol against GII.17 HuNoV.
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