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A B S T R A C T

Background: The purpose of this study was to evaluate the virucidal activity of a new olanexidine-containing
formulation for hand hygiene (olanexidine gluconate hand rub; OLG-HR) against non-enveloped viruses and
to understand its mechanism of action.
Methods: The virucidal activities of OLG-HR against two strains of caliciviruses and three adenovirus serotypes were evaluated through suspension tests. Also, virus-like particles were used to predict the effect of
olanexidine gluconate on virus particle structure.
Results: The results of suspension tests under conditions with and without interfering substances (1.5% BSA)
indicated that OLG-HR had a broad-spectrum effect against non-enveloped viruses, and the virucidal effect
was unaffected by organic contaminants. Furthermore, olanexidine inhibited the binding ability of virus-like
particles to the binding receptor of human norovirus and increased the aggregation of virus-like particles in
a dose-dependent manner. Transmission electron microscopy showed that the morphology of the virus-like
particles was affected by exposure to olanexidine, indicating that the protein-denaturing effect of olanexidine gluconate caused the loss of receptor-binding capability of the viral capsid protein.
Conclusions: This study suggests that olanexidine gluconate is a potential biological and environmental disinfectant against norovirus and adenovirus.
© 2021 The Author(s). Published by Elsevier Inc. on behalf of Association for Professionals in Infection Control
and Epidemiology, Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

INTRODUCTION
Olanexidine gluconate [OLG; 1-(3,4-dichlorobenzyl)-5-octylbiguanide gluconate] is a novel antibiotic compound developed by
Abbreviations: OLG, olanexidine gluconate; OLG-HR, olanexidine gluconate hand
rub; VLPs, virus-like particles; LRV, log reduction value; FCV, feline calicivirus; MNV,
murine norovirus; ADV, adenovirus; BZC-AL, 0.2% benzalkonium chloride-containing
ethanol; EtOH-A, acidic ethanol containing phosphoric acid; Base, base component of
OLG-HR
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Otsuka Pharmaceutical Factory, Inc. An aqueous formulation of 1.5%
olanexidine has been used clinically in Japan for preoperative skin
preparation [Olanedine Antiseptic Solution 1.5%]. OLG is a biguanide
compound and a chlorhexidine digluconate, but its spectrum differs
between bacteria and viruses. OLG was more effective than chlorhexidine digluconate and povidone iodine (PVP-I) against methicillinresistant Staphylococcus aureus and vancomycin-resistant enterococci
both in vitro and in mouse-contaminated skin models.1 In clinical trials, Obara et al reported that 1.5% OLG signiﬁcantly reduced the
occurrence of overall surgical site infections and superﬁcial surgical
site infections compared with PVP-I in clean-contaminated surgery.2
Additionally, the ﬁndings of previous studies showed that 1.5% olanexidine-containing 70% ethanol formulation for hand hygiene (OLG
hand rub; OLG-HR) was more virucidal than ethanol against human
noroviruses.3,4
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The importance of antiseptics in infection control, particularly
emerging viral infections, cannot be overemphasized. Although it is
necessary to use approved antiseptics to prevent disease transmission, the virucidal efﬁcacy of commonly available antiseptics on
viruses is not always well understood. In a previous study using culture-independent methods, we reported that OLG was effective
against norovirus; however, culture-dependent methods have not
been used to examine the virucidal efﬁcacy of OLG against non-enveloped viruses, other than murine norovirus in the absence of interfering substance.3
The structural units of non-enveloped viruses include nucleic
acids (genomic DNA or RNA) and capsid proteins that protect the
viral genome. Disinfectants inactivate viruses through several
mechanisms, including through the destruction of the viral
genome and/or the outer structure of viruses.5 UV irradiation
leads to nucleic acid destruction,6 whereas iodine seems to inactivate viruses by impairing their ability to attach to host cells.7 It
has also been reported that chlorine dioxide damages both nucleic
acids and viral proteins.7,8
Non-enveloped viruses such as norovirus and adenovirus (ADV)
are considered to be relatively highly resistant to antiseptics because
of the robust structure of the outer capsid proteins, which play a pivotal role in the binding of non-enveloped viruses to host cells. Some
ADV serotypes attack host animals by binding to the coxsackievirusADV receptor of the host cells through the activities of capsid ﬁber
proteins.9 Regarding human noroviruses, volunteer studies have
shown that secretor-positive individuals are more susceptible to
human norovirus.10,11 Studies using intestinal organoids have shown
that cells expressing histo-blood group antigens can be efﬁciently
bound to virus-like particles (VLPs), which are genetically engineered
virions.12 VLPs do not replicate in infected cells, because they do not
have a genome, but are structurally similar to infectious virions. VLPs
are used for vaccine development and drug delivery systems.13,14
Additionally, human norovirus-like particles are useful in studying
the efﬁcacy of disinfectants against human noroviruses that do not
have a simple culture and growth procedure.15 Previous reports have
shown that OLG affects bacterial and viral proteins.3,16 So, we estimated the dose-dependent effects of olanexidine gluconate on VLPs
from the viewpoints of the binding ability to HBGA, cohesiveness,
and structures.
In this study, the virucidal efﬁcacy of OLG-HR against non-enveloped viruses was evaluated using a culture-dependent method with
two strains of human norovirus surrogate viruses and three serotypes
of ADVs. To test the effect of OLG on the capsid structure of nonenveloped virus, norovirus-like particles were exposed to OLG, and
the denaturing effect was observed by transmission electron microscopy. Based on these results, we discussed the modes of action of olanexidine gluconate on non-enveloped viruses.
MATERIAL AND METHODS
Animal experiments were conducted with permission from the
Animal Experiment Committee in accordance with the Guidelines on
Animal Experiments of the Naruto Research Institute.
Test viruses and cells
Feline calicivirus ATCC VR-782 (FCV), ADV type 2 ATCC VR-846
(ADV2), type 5 ATCC VR-5 (ADV5), and type 7 ATCC VR-7 (ADV7)
were purchased from American type culture collection (ATCC;
VA). Murine norovirus S99 (MNV) was purchased from FriedrichLoefﬂer-Institut (FLI; Greifswald Island Riems, Germany). CRFK
(National Institutes of Biomedical Innovation, Health and Nutrition JCRB Cell Bank, Osaka, Japan), RAW264.7 (Public Health England, Salisbury, UK), and A549 (JCRB Cell Bank, Osaka, Japan) cells
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were used as hosts for FCV, MNV, and the three strains of ADV,
respectively. Host cells were grown in Dulbecco’s modiﬁed Eagle’s
medium (DMEM; FUJIFILM Wako Pure Chemical Corporation,
Osaka, Japan) containing 10% fetal bovine serum (Invitrogen, CA).
Viral stocks were inoculated into each host for 1 hour and then
cultured for 3 days after changing the medium. Three freezethaw cycles were performed, and the culture was centrifuged
(9680 £ g, 4°C, 1 hour). The supernatants of MNV and FCV were
then collected and ultracentrifuged at 111,000 £ g for 90 minutes
at 4°C in a Beckman 50.2 Ti rotor (Beckman Coulter, Inc., CA). The
pellets were resuspended in PBS and passed through a ﬁlter with
a pore size of 0.45 mm (Millipore, MA). The solutions were stored
at -70°C and used as test virus solutions for the suspension test
(without 1.5% BSA). Test solutions for FCV or MNV and 30% BSA
solution (Sigma-Aldrich, MO) were mixed in equal volumes and
used as test virus solutions in suspension tests under conditions
with 1.5% BSA. The culture supernatants of the three serotypes of
ADV were collected and concentrated approximately ﬁve times
by ultraﬁltration (Amicon Ultra - 15 10 K centrifugal ﬁlter devices; Merck KGaA, Germany). The concentrated solutions were
stored at -70°C for further analysis.

Experimental animal
Female SPF white rabbits (Kbl:JW, KITAYAMA LABES Co., Ltd.,
Nagano, Japan) were used in this study. All animals were housed in a
pathogen-free environment in the laboratory at the Naruto Research
Institute in Otsuka Pharmaceutical Factory, Inc., and received sterile
food and water.

Suspension test
A suspension test was conducted under conditions with and without interfering substances (1.5% BSA) with some modiﬁcations to the
various standard test methods described previously.17-19 The test
substances were OLG-HR, 0.2% benzalkonium chloride-containing
ethanol (BZC-AL, Maruishi Pharmaceutical Co. Ltd, Osaka, Japan),
acidic ethanol containing phosphoric acid (EtOH-A, Saraya Co., Ltd.,
Osaka, Japan), and base component of OLG-HR (Base). Brieﬂy, 20 mL
of test virus solution was mixed with 180 mL of test material (or PBS
as a negative control) followed by incubation for 15, 30, and 60 seconds at room temperature (setting at 23°C). After the reactions, the
test substances were inactivated by the neutralization method (for
FCV and ADV) or the gel ﬁltration method (for MNV). For the neutralization method, 100 mL of the reaction mixtures were mixed with
900 mL of neutralizer solution (Composition: 1.67 w/v% K2HPO4, 0.06
w/v% KH2PO4, 0.1 v/v% Triton X-100, 1.17 w/v% Soy lecithin, 10 w/v%
polysorbate 80, 0.5 w/v% sodium thiosulfate hydrate, and 1 w/v%
Tamol NN8906; pH adjusted to 7.8-7.9). In the gel ﬁltration method,
100 mL of the reaction mixture was mixed with 900 mL of PBS and
immediately sieved through a gel ﬁltration column (PD-10 Empty
Columns ﬁlled with Sephacryl S-400; GE Healthcare, NJ).3,17,20 The
neutralized solutions were serially diluted 10-fold with culture media
six times. Suspension tests were performed using three biological
replicates at each time point.
In the cytotoxicity test, the cell viability against the negative control (PBS) at the lowest dilution ratio of each test substance excluding
the virus was evaluated using WST-8 assay (Cell Counting Kit-8,
Dojindo Laboratories, Kumamoto, Japan). In the neutralizing test,
before mixing the test substance and virus, the test substance with
the neutralizer or gel ﬁltration column was inactivated, and the viral
titer was compared with that of the negative control.
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Plaque assay
Plaque assay was conducted as previously reported.21 Host cells
on six-well plates were inoculated with 500 mL of 10-fold dilution
series of each reaction solution and incubated at room temperature
for 1 hours (three technical replicates). After removing the reaction
solution, an agar medium was added, and the plate was then incubated for 2 d (FCV and MNV) or 10 d (ADV) at 37°C. Subsequently,
2 mL 0.01% neutral red solution (Sigma-Aldrich, St Louis, MO) was
added, followed by incubation for 4 hours at 37°C. Thereafter, the
neutral red solution was removed, and the plaques were visually
counted. Viral titers (log10 PFU/mL) were measured and log reduction
values (LRVs) were calculated after all virucidal tests following
EN14476,17 and results were expressed as the mean of the log10 PFU/
mL § 95% conﬁdence interval (CI).

relative values to negative control were presented as the mean §
standard deviation (SD).
Dynamic light scattering
VLP aggregate size was determined using dynamic light scattering
(DLS). Brieﬂy, 1 mL of the dialysis liquid was added to the cuvette,
and the particle size was measured at room temperature using ELS6100 (Otsuka Electronics Co., Ltd., Osaka, Japan). The ELS software
calculated the size distribution of particles in each sample from the
light scattering intensity data. The median diameters of the values
obtained in the three independent tests were calculated and presented as mean § SD.
Thereafter, the relationship between the DLS and the PGM-binding assay data was determined using Spearman’s correlation.

VLP production and puriﬁcation

Transmission electron microscopy (TEM)

VLP genotypes GII.3 (AB758450), GII.4 (AB668028), and GII.6
(AB758451) were prepared according to published method.22-24
These genotypes were selected because they are the most prevalent
GII noroviruses. Recombinant capsid proteins were expressed in Sf9
cells, after which VLPs secreted into the cell medium were collected
by centrifugation at 9,600 £ g for 60 minutes. VLPs were concentrated by ultracentrifugation at 100,000 g in an SW28 rotor (Beckman, Palo Alto, CA). VLPs were puriﬁed by CsCl ultracentrifugation.
Puriﬁed VLPs were resuspended in PBS (pH 6.5) and quantiﬁed using
the Lowry method. The concentration was adjusted to 1 mg/mL using
PBS (pH 6.5).

The dialysis liquid was adsorbed onto coated copper grids (Nisshin EM CO., Ltd., Tokyo, Japan) for 15 minute and stained with 2%
phosphotungstic solution (pH 7.0) for 15 seconds. Excess solution
was removed with ﬁlter paper, and the TEM image was acquired
using a transmission electron microscope HT7800 (Hitachi High-Tech
Corporation, Tokyo, Japan.) at 120 kV.

Suspension test of VLPs
Brieﬂy, 20 mL of test VLPs was mixed with 180 mL of test substances (or PBS as a negative control), followed by incubation for 30 s at
room temperature. After incubation, 200 mL of the reaction solution
was mixed with 1800 mL of PBS (pH 6.5). The entire reaction solution
was added to the dialysis membrane (Spectra/Por RC, MWCO: 3,5005,000, Spectrum Laboratories, HOU) and dialyzed with 100 mL PBS
(pH 6.5) for 2 hours. The dialysate was exchanged and dialyzed for
another 2 hours. Dialysis liquid was used for subsequent evaluation.
Porcine gastric mucin (PGM)-binding assay
PGM-binding assay was performed as previously described.25-27
Brieﬂy, 100 mL of porcine mucin (mucin from porcine stomach, type
III, Sigma-Aldrich, MO) suspended in 10 mg/mL of PBS was added to a
96-well clear plate (Corning incorporated, NY) and reacted at room
temperature for 4 hour. The plate was washed three times with PBS
containing 0.01% Tween 20 (PBST), followed by the addition of 100
mL of 5% BSA/PBST and stored overnight at 4°C (PGM plate). After
dialysis, the reaction solution was added to the PGM plate (n = 3) and
stored for 1 hour at 37°C. After washing three times with PBST, antiVLP antiserum (rabbit polyclonal antibody, made in-house) was
added as the ﬁrst antibody, and the plate was incubated for 2 hours
at 37°C. After washing three times with PBST, horseradish peroxidase-conjugated goat anti-rabbit IgG (Abcam, Cambridge, MA) was
added as a secondary antibody, followed by incubation for 1 hour at
room temperature. After washing three times with PBST, TMB solution (SeraCare Life Sciences, Inc., MA) was added, followed by incubation for 10 minutes at room temperature. Thereafter, stop solution
(SeraCare Life Sciences, Inc., MA) was added, and the absorbance at
450 nm (measurement wavelength) and 600 nm (reference wavelength) was determined using a microplate reader (ARVO, PerkinElmer, Inc., MA). The value of the reference wavelength was
subtracted from the value of the measurement wavelength, and the

Rabbit skin cumulative irritation test
For the skin irritation test, 50 mL of OLG-HR or BZC-AL was applied
to each administration site (2 cm £ 2 cm) on the rabbit skin (n = 3)
after hair clipping. After contact for 24 hours, the test substance was
washed with cotton balls soaked in warm water. This operation was
performed for 14 days consecutively. The administration start date
was set as day 0. The administration sites were observed before the
removal of test substances. The scores were calculated according to
the criteria shown in Table 2, and the mean value was calculated.28
Data analysis
Data collected during the study were analyzed using Microsoft
Excel 2013, SAS (version 9.4; SAS Institute Japan), and EXSUS 10.0.3
software (CAC Croit Corporation). In PGM-binding assay and DLS, the
mean values of each group were compared with PBS groups using
Dunnett's test, and signiﬁcance was set at P < .05, P < .01, and P <
.001, indicated as *, **, and ***, respectively.
RESULT AND DISCUSSION
Virucidal efﬁcacy of OLG against norovirus surrogate viruses and ADVs
In this study, the virucidal efﬁcacy of OLG-HR against two norovirus surrogate viruses and three ADV serotypes was evaluated
using suspension tests. Although there is no evidence of a relationship between the viral titers obtained under experimental
conditions and viral infection prevention in real life scenarios,
some guidelines state that LRV ≥4 is an index of the virucidal
efﬁcacy of the drug or test material in the suspension test.17,18
The cytotoxicity tests showed that the difference in cell viability
of test substance-exposed groups compared with that of the negative control was within §25%, and the neutralizing tests showed
that the differences in the infectious viral titer from the initial
titer were within 0.5 log10 TCID50/mL (Tables S1 and S2). This
indicated that the virucidal activity of the test substances could
be evaluated through the virucidal efﬁcacy experiment.
The results of the suspension tests are shown in Table 1. Under
conditions without 1.5% BSA, the LRVs of OLG-HR against the two
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We also investigated the effect of OLG on VLP−HBGA binding and
agglutination in a dose-dependent manner against norovirus VLP
GII3, GII4, and GII6 (Fig 2A, 2B, and 2C). The most basic formulation of
OLG, 1.5% OLG, was used to prepare the dilution series. To achieve

Table 1
Evaluation of virucidal efﬁcacy of antiseptics against non-enveloped viruses using suspension test

OLG concentration-dependent inhibition of VLP−HBGA binding and
agglutination

15 s

Mean of log reduction values§ 95% CI, n = 3

VLP−HBGA binding inhibition by OLG
HBGA is considered to be one of the cellular receptors for
human norovirus; thus, loss of HBGA-binding ability is thought to
lead to the loss of virus infectivity. Therefore, the binding ability
of human norovirus VLPs to HBGA under antiseptic exposure were
examined in this study. Some reports have suggested that the
structure of VLPs changes reversibly depending on the external
liquid environment.29-31 In this study, the reversible effect of antiseptics against the VLP structure was inhibited by incubating the
VLP suspension in PBS for more than 4 hours after exposure to
the test substances. Therefore, the effects of VLPs detected in this
study were considered irreversible. First, we evaluated the effect
of antiseptics on the binding ability of VLPs of GII.3, GII.4, and
GII.6 to HBGA (Fig 1A, 1B, and 1C). OLG-HR, 1.5% OLG, base components of OLG-HR (Base), EtOH, and EtOH-A were used as test
substances and PBS was used as a negative control. EtOH, and
EtOH-A. EtOH and EtOH-A were selected because they are commonly used as hand sanitizers. The exposure time was ﬁxed at 30
seconds, and the results showed that the antiseptics signiﬁcantly
affected the binding ability of the VLPs to HBGA. Particularly, the
two 1.5% OLG formulations exhibited stronger binding inhibitory
effect than the other agents against all three genotypes. A comparison of the sensitivities of the three VLP genotypes showed
that GII.3 (Fig 1A) was the most sensitive, while GII.6 (Fig 1C) was
the least sensitive. Although the sensitivities of the genotypes to
the antiseptics were different, the structures of proteins of the
three viral genotypes were most affected by OLG-HR.
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15 s

Adenovirus type 7

human norovirus surrogate viruses and three ADV serotypes were >4
at the three time points examined. In contrast, the LRVs of BZC-AL
and EtOH-A varied depending on the virus type. The LRV of BZC-AL
against MNV was >4 at the three time points examined, whereas the
LRV of BZC-AL against FCV increased with exposure duration, with
the lowest and highest values (3.71 § 0.48 and 5.11 § 0.29, respectively; LRV § SD) obtained at 15 and 60 seconds of exposure, respectively. The results of the virucidal efﬁcacy tests of OLG-HR against
MNV under clean condition (without 1.5% BSA) were same with our
previous report.3 Regarding the three ADV serotypes, the LRV of BZCAL against ADV2 was <4 at the three time points examined, whereas
the LRV of BZC-AL against ADV5 was >4 at 30 and 60 seconds of
exposure. Additionally, the LRV of BZC-AL against ADV7 was <4 at 15
and 30 seconds of exposure. The disinfectant resistance of adenoviruses was serotype-dependent, but OLG-HR showed a relatively
strong efﬁcacy against all 3 serotypes.
The interference substances (1.5% BSA) were used in the tests
using OLG-HR and BZC-AL. The LRV of OLG-HR against FCV showed
an increasing trend with increase in exposure duration, with LRVs >4
obtained at 30 and 60 s of exposure. Additionally, the LRV of OLG-HR
against MNV was >4 at the three time points examined. Furthermore,
the LRV of BZC-AL against FCV was <4 at the three time points examined, whereas the LRV of BZC-AL against MNV was >4 at the three
time points examined. Comparing the disinfectant resistance of two
norovirus surrogate viruses, FCV tended to be more resistant under
contaminating conditions than MNV. Overall, OLG-HR was more
effective than the other test materials against the viruses under both
clean and contaminated conditions.

60 s
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Table 2
Evaluation criteria of skin reactions for rabbit skin cumulative irritation test
A. Erythema and Eschar Formation
No erythema
Very slight erythema (barely perceptible)
Well-deﬁned erythema
Moderate to severe erythema
Severe erythema (beet redness) to slight eschar formation
(injuries in depth)
Total possible erythema score
B. Edema Formation
No edema
Very slight edema (barely perceptible)
Slight edema (edges of area well deﬁned by deﬁnite raising)
Moderate edema (area raised approximately 1 mm)
Severe edema (raised more than 1 mm, and extending beyond area of
exposure)
Total possible edema score
Total possible score for irritation

0
1
2
3
4

slightly different among the genotypes. Furthermore, the results of
Spearman’s correlation analysis showed that there was a strong negative correlation between VLP−HBGA binding and agglutination in
the three genotypes. The correlation coefﬁcients were -0.942
(P = .000), -.800 (P = .000), and -0.816 (P = .000), for GII.3, GII.4, and
GII.6, respectively.
OLG concentration-dependent effect on VLP structure

4
0
1
2
3
4
4
8

this, a 5-fold dilution series of OLG from 1500 mg/mL (1.5% w/v) to 24
mg/mL was prepared using distilled water. In Figure 2, the bar shows
the VLP−HBGA binding capacity, and the line shows the size of the
VLP measured by DLS. OLG concentration-dependent inhibition of
VLP−HBGA binding was observed in the three genotypes. The inhibitory effect of the antiseptic on VLP−HBGA binding was signiﬁcantly
different between the genotypes. Additionally, the VLP particle size
was larger with an increase in OLG concentration; however, at 1500
mg/mL higher OLG concentrations, the aggregates were too large to
be detected. Also, the effects of OLG on VLP−HBGA agglutination was

Figure 3 shows the morphology of Gll.6 VLP after exposure to
different doses of OLG. At relatively low concentrations, such as
24 (B) and 120 mg/mL (C), the shape of Gll.6 VLP appeared partially intact, but as the dose increased, the structure was altered,
and aggregates were formed. Although there have been several
reports on the effects of disinfectants on VLP structure,32,33
increase in aggregate formation caused by exposure to OLG have
not been previously reported. To summarize these results, Figures 1 and 2 indicate that OLG inhibits VLP-HBGA binding activity
in a concentration-dependent manner. In addition, Figure 3 shows
that the inhibition is caused by the agglutination characteristic
and consequent viral particles destruction.
Evaluation of skin cumulative irritation caused by OLG
Rabbit skin irritation experiment was conducted, and the score
was calculated according to the criteria listed in Table 2, using the
Draize method.28 The mean values of three independent scores were
calculated, but the SD values were not calculated because these values were categorized data. According to Draize’s criteria, compounds

Fig. 1. Binding ability of VLPs to HBGA after exposing test substances to VLPs. The change in VLP−HBGA binding ability due to disinfectant exposure for 30 s was detected using PGMbinding assay. Fig. 1A, B, and C show GII.3, GII.4, and GII.6 respectively. The VLP solution after exposure to test substances for 30 s was added to the porcine mucin-layered 96-well
plate. After each reaction of the ﬁrst and secondary antibody, a TMB reaction was performed, and the absorbance at 450 nm (measurement wavelength) and 600 nm (reference
wavelength) was measured. The data are presented as mean § standard deviation (SD; n = 3). The mean values were compared using Dunnett’s test, and signiﬁcance was set at P <
.05, P < .01, and P < .001, indicated as *, **, and ***, respectively.
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Fig. 2. Correlation between particle size and binding ability of VLPs exposed to various doses of olanexidine gluconate. The effects of different OLG concentrations on the HBGA-binding
ability of VLPs and the particle size of VLPs were determined using PGM-binding assay and DLS, respectively. Fig. 2A, B, and C show GII.3, GII.4, and GII.6 respectively. The correlation
between the HBGA-binding ability of the VLPs and VLP particle size was analyzed. Mean § SD, n = 3. #Precipitates were observed, and particle size could not be determined by DLS.
The mean values were compared using Dunnett’s test, and signiﬁcance was set at P < .05, P < .01, and P < .001, indicated as *, **, and ***, respectively. The correlation between the
values of DLS values PGM-binding assay was analyzed using Spearman’s correlation coefﬁcient.

with mean value ≤2 are mild irritants, those with indices ranging
from 2 to 5 are moderate irritants, and those with values >6 are considered severe irritants. These criteria were deﬁned for the determination of primary irritation, but in ISO10993-10, similar criteria were
used to classify cumulative irritation.34 Therefore, the criteria in
Table 2 that are based on Draize’s and ISO10993-10 indices were
used in this study (cumulative irritation score). The average irritant
score for each observation day was calculated and is shown in
Figure 4, and individual data are shown in Table S3. OLG-HR caused
slight erythema on the rabbit’s skin at day 1; however, the average
score at days 7 and 8 was 2, after which the effect remained the
same, with scores <2 after 14 days of treatment. Moreover, no edema
was observed at any stage. Additionally, the irritation caused by BZCAL at the beginning of the application (days 1-3) was lesser than that
caused by OLG-HR, but the score increased steadily thereafter, causing edema, which did not heal during the observation period. Draiz’s
test on rabbit skin can be used to predict the severe irritation potential of a compound on human skin; however, it is difﬁcult to differentiate between mild and moderate irritations.35 For instance, BZC-AL
is considered safe for use as a hand disinfectant. Although the results
of the Draiz’s test performed in this study cannot be fully extrapolated to human skin, it is considered that the risk of skin irritation by
OLG-HR is not high.
Antiseptics for viral infection control should exhibit high efﬁcacy
and immediate effect for successful inactivation of viruses.

Particularly, since surfaces for disinfection usually contain contaminants, it is necessary to conﬁrm the efﬁcacy of antiseptics under conditions that mimic the actual usage scenario. The results of the
present study showed that OLG-HR was highly effective against norovirus surrogate viruses and ADV serotypes in both conditions with
and without 1.5% BSA. Combined with the results of our previous
study on human noroviruses,3 OLG-HR is expected to have a strong
virucidal efﬁcacy against human norovirus and ADV. However, these
results are based on in vitro experiments and may not fully represent
real antiseptic usage scenarios. The effectiveness of antiseptics in
virus infection control is ultimately demonstrated by the clinical
infection prevention effect. Therefore, future studies should examine
the viral infection control effect of OLG-HR through clinical trials. Furthermore, the adoption of antiseptics for use against viral infections is
not only dependent on its effectiveness but also safety. The ﬁndings
of the present study showed that although OLG-HR has strong viral
protein-denaturing and -aggregating effects, its effect on rabbit skin
was mild.
Understanding the mechanism of action of antimicrobial compounds helps predict their effectiveness as antiseptics and deﬁne
their usage. It is known that the structure and cohesiveness of virus
particles change reversibly depending on the salt and/or pH in the
external environment.36 Moreover, the structure of norovirus particles is unstable under basic conditions (pH >8).29,30 Additionally,
studies have shown that ADV2 and ADV5 can easily diffuse under
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Fig. 3. Effect of olanexidine gluconate on VLP structure. A typical image of OLG dose-dependent effect on VLP GII.6 structure. A, B, C, D, and E show negative control (PBS), 24, 120, 600,
and 3000 mg/mL, respectively. TEM images were obtained by negative staining. Bar = 200 nm.

acidic conditions and aggregate under basic conditions.37,38 Furthermore, it has been reported that aggregated virus particles are less
sensitive to disinfectants than dispersed particles.36,39 Considering
these ﬁndings, the olanexidine-concentration-dependent changes in
the structure and cohesiveness of viral particles were enhanced by
the formulation conditions of OLG-HR (pH = 9.5). This hypothesis is
supported by the results of the present study, which showed that

OLG-HR has a stronger virucidal activity and a greater inhibitory
effect on HBGA than EtOH-A, EtOH, OLG, and Base.
CONCLUSION
This study demonstrates that OLG-HR has strong virucidal efﬁcacy
against norovirus and adenovirus. The ﬁndings of the study showed
that OLG signiﬁcantly reduced the binding ability of the virus capsid
to the binding receptor due to protein denaturation and agglutination. Additionally, the formulation conditions of OLG-HR improved
the efﬁcacy of OLG.
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because these values were categorized data. A polygonal line with a round symbol
indicates the average scores of OLG-HR, and the triangle symbol indicates the average
scores of BZC-AL (n = 3).
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