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ABSTRACT

Quaternary cationic surfactants with bactericidal ac-
tivity such as Didecyldimethylammonium chloride
(DDAC) show an inactivation effect on enveloped vi-
ruses, but they have little effect on non-enveloped vi-
ruses such as noroviruses. Therefore, we examined
additives that enhance the inactivation effect of cat-
ionic surfactants by using Feline calicivirus (FCV) as
a representative of a non-enveloped virus. The result
was that SO,* ions, which are a general-purpose salt,
had a strong salting-out effect that reduced the sol-
ubility of proteins, greatly enhancing the inactivation
ability of DDAC. The SO,* ions also enhanced FCV
inactivation by other cationic surfactants such as
Cetylpyridinium Chloride (CPC) and Benzalkonium
chloride (ADBAC). To clarify the mechanism, we eval-
uated the denaturation and binding process of DDAC
to Bovine Serum Albumin (BSA) as a model protein by

INTRODUCTION

Based on the experience of the COVID-19 (SARS-CoV-2) pan-
demic, we expect that safer and easier-to-handle agents for virus
inactivation will appear as a technology against viruses that may
threaten our daily lives in the future (Ban M, 2021). SARS-CoV-2
is an enveloped virus with a phospholipid membrane on its sur-
face. This virus can be easily inactivated by using solvents such
as 30% ethanol (Kratzel A, et al., 2020). Anionic, cationic, noni-
onic and amphoteric surfactants used in detergents and cosmet-
ics also exhibit the inactivation effects (Yokohata R, et al., 2020).
In particular, cationic surfactants used as bactericides, such as
Benzalkonium Chloride (ADBAC) and Didecyldimethylammo-
nium Chloride (DDAC), have inactivation effects at a very low
concentration on enveloped viruses such as SARS-CoV-2 and in-
fluenza viruses, so they are used for effective disinfectants (NITE,
2022).

On the other hand, non-enveloped viruses such as noroviruses are
more difficult to inactivate than enveloped viruses because they
do not have a lipid membrane and are composed of capsid, which
is an outer shell of protein tightly bound to viral DNA or RNA
(Block SS, 2002). Thus, it is considered to be difficult to disinte-
grate the outer shell of non-enveloped viruses and inactivate them
by surfactants alone.

Recently, it is generally considered that a reduction in viral in-
fection titer of 99% or 99.9% more (A log = 2 or 3) is required
to demonstrate sufficient viral inactivation (e.g., ISO, 2014; EPA,
2022). By this standard, no cationic surfactants, even those with
bactericidal effects, are sufficiently effective (Doultree JC, et al.,
1999; Bélec L, et al., 2000).

Belec L, et al. reported the inactivation effect of ADBAC on
non-enveloped viruses such as Adenovirus (ADV) and Ente-
rovirus (ENV) (Bélec L, et al., 2000). ADBAC inactivated more
than 99% of ADV at 1.4 mM for 20 minutes of contact, and only
90% (A log=1) inactivation of ENV was observed at 1.4 mM for
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means of Circular Dichroism (CD) spectrum and Iso-
thermal Titration Calorimeter (ITC), respectively. The
S0,*> ions disturbed the protein structure by their salt-
ing-out effect and promoted cooperative binding from
lower DDAC concentrations by reducing the Critical
Micelle Concentration (CMC), indicating that these
synergistic effects caused a large structural change in
the protein. These results suggested that increasing
the protein denaturation of the cationic surfactants by
adding SO, *> ions enhanced the inactivation effect on
the non-enveloped virus.
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60 minutes of contact. Therefore, cationic surfactants have been
combined with strong oxidants and other agents with safety and
handling issues in order to enhance inactivation (Zonta W, et al.,
2016; Whitehead K and McCue KA, 2010).

Zonta W, et al. found that the addition of isopropanol and glu-
taraldehyde to DDAC in the formulation enhanced the reduction
of infectivity of Feline calicivirus (FCV) (Zonta W, et al., 2016).
Whitehead K and McCue KA reported that an increase in pH
of DDAC solution from 8.0 to 12.2 resulted in enhancement of
virus inactivation (Whitehead K and McCue KA, 2010). However,
these simulative and highly alkaline conditions have safety issues
for human use. Accordingly, there is a need to develop combin-
ation agents that safely and effectively enhance the inactivation
ability of cationic surfactants against non-enveloped viruses.

In this study, we investigated the effect of the salts, which are com-
monly used additives of consumer products such as detergents
and cosmetics, on the inactivation ability of cationic surfactants
against non-enveloped viruses. In addition, using Bovine Serum
Albumin (BSA) as a model protein, we confirmed the mechanism
of salt-induced enhancement of cationic surfactants’ inactivation
in terms of protein denaturation and interaction.

MATERIALS AND METHODS
Materials

Feline calicivirus F-9 (VR-782) (FCV) for inactivation evaluation,
which is an internationally recommended non-enveloped virus
as a surrogate virus of norovirus (EPA, 2022), and Crandell Rees
Feline Kidney (CCL-94) (CRFK) cells for FCV inactivation assay
were purchased from American Type Culture Collection (ATTC).

Didecyldimethylammonium Chloride (DDAC>80%, supplied by
Lion Specialty Chemicals, Inc.), Cetylpyridinium chloride mono-
hydrate (CPC, special grade, code number 190177, Fuji Film
Wako Pure Chemical Industries Co., Ltd.), Cetyltrimethylam-
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monium chloride (CTAC>95%, code number H0082, Tokyo Kasei Inc.)
and dodecyl Benzalkonium chloride (ADBAC>99%, code number 13373-
10G-E Sigma-Aldrich) were obtained. Sodium sulfate (special grade,
code number 37280-00, Kanto Chemical Co., Ltd.) and sodium chloride
(special grade, code number 19015-0301, Junsei Chemical Co., Ltd.),
and calcium chloride (special grade, code number 135-00165, Fuji Film
Wako Pure Chemical Industries Co., Ltd.) and Bovine Serum Albumin
(BSA>98%, Lot. SLCH8449, code number A7906-50G, Sigma-Aldrich)
were purchased. The virus inactivation evaluation samples were diluted
with distilled water (Milli-Q).

Inactivation effects of virus inactivation assay

The methods for culturing CRFK cells and for evaluating the viral infec-
tion titer were conducted in accordance with JIS 1922 (ISO, 2014). The
CREFK cells were cultured in Eagle’s Minimal Essential Medium (EMEM,
code number M4655-500ML, Sigma-Aldrich) supplemented with 1%
Penicillin and Streptomycin (PS, code number P4333-100ML, Sigma-Ald-
rich) as an antibiotic and 10% Fetal bovine serum (code number 173012,
Sigma-Aldrich) under a CO, concentration of 5% at 37°C. FCV was mixed
with various surfactants with or without additives and the inactivation ef-
fect of surfactants on FCV was determined as an infectivity titer by the
following steps: First, the 0.05 ml of FCV solution that showed the average
initial virus infectivity titer of 3.5 x 10* 50% Tissue Culture Infectious Dose
(TCID, /ml) was exposed to 0.45 ml of the sample solution of the cationic
surfactants for an indicated time. Then the mixture of the FCV and sample
solution was serially diluted in the culture medium, and inoculated on the
CREFK cells prepared in 96 well microplates. The infectivity of FCV after
treatment of the sample solution was obtained as TCID,  and the virus in-
activation effect of the cationic surfactants was expressed by the reduction
rate in log, , A log (Equation 1).

A log(Reduction rate of infectivity titer)=log(Infectivity titer upon treat-
ment with control solution)-log(Infectivity titer upon treatment with sam-
ple solution) (1)

The control solution means EMEM supplemented with 1% PS which was
used for FCV cultivation.

Alog=1 means that 90% of the tested viruses have been inactivated.

Analysis of protein denaturation upon Didecyldimethylam-
monium Chloride (DDAC) treatment

DDAC solutions with and without additives, and BSA (100 ppm) solu-
tion as a model protein, were prepared using the medium-mixed solu-
tion of Water:EMEM medium containing 1% PS=9:1. After 10 minutes
of adjusting the solution, the Circular Dichroism polarization spectrum
of BSA was measured by means of a Circular Dichroism spectrometer
(Jasco J-720, cell path length=1 mm) at room temperature. Since the nega-
tive molecular ellipticity, [8], with the a-helix structure of BSA has double
minimums near 210 nm and 220 nm, the protein denaturation rate was
calculated from the change in molecular ellipticity (6) at 220 nm (Obe K,
et al., 1980) (Equation 2).

(BSA solution [6]220 ) 7(Sample solution [6’]220)

x100
(BSA solution [0]220)

Protein denaturation rate (%)=

Interaction of Didecyldimethylammonium Chloride (DDAC)
with protein

The interaction of DDAC that caused the denaturation of the model pro-
tein BSA was evaluated by means of an Isothermal Titration Calorimeter
(VP-ITC, MicroCal). Solutions with BSA and DDAC were prepared with
the medium-mixed solution. The BSA (300 ppm) solution was put into the
cell of the calorimeter, and 16.6 mM DDAC and 16.6 mM DDAC+10 mM
Na,SO, solutions in the syringe were titrated by 50 drops of 2 uL at 30°C.
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The interaction heat of DDAC with BSA was calculated by subtracting
the heat of dilution generated by titrated DDAC to the medium-mixed
solution from the heat of the reaction of titrated DDAC to BSA solution
(Equation 3).

Heat of interaction of DDAC with BSA=(Heat of reaction of DDAC and
BSA)-(Heat of dilution of DDAC in medium-mixed solution) (3)

RESULTS AND DISCUSSION

Effects of salts on inactivation of Feline calicivirus (FCV) by
Didecyldimethylammonium Chloride (DDAC)

First, we confirmed the inactivation level of the bactericidal cationic sur-
factants with activity against FCV used in this study. At a contact time of
1 minute, DDAC solutions at the concentration from 0.5 to 3 mM showed
the inactivation of FCV at A Log=1 or less, indicating a little inactivation
effect of DDAC on the non-enveloped FCV (data not shown). The in-
activation of FCV requires denaturation and/or disruption of the capsid
structure (McDonnell G and Russell AD, 1999). Originally, the protein
denaturation ability of surfactants was reported to be increased with their
concentration and saturated at CMC (Obe K, et al., 1980). In the medium-
mixed solution in which the virus inactivation was evaluated, the concen-
tration of DDAC range tested in this study was above the CMC, 0.44 mM,
thus its inactivation effect on FCV was considered to be saturated. As a
result, we confirmed that DDAC alone did not sufficiently inactivate FCV.

Therefore, we investigated the effects of salt on FCV inactivation. Salts dis-
solve and dissociate in water, and the dissolved state of proteins is affected
by the salting-out effect of ions, which is determined by their concentra-
tion, charge, and size. The effect of DDAC on FCV inactivation was exam-
ined in the presence of Na,SO,, which are known to have a high salting-out
effect. As shown in Figure I, the inactivation effect of DDAC at 0.5 mM
was significantly increased with 10 mM of Na,SO, by A log=2 at 10 mM
for 1 minute. This enhancement tended to decrease inversely with higher
concentration of Na,SO, such as 30 mM and 50 mM.

Since the addition of Na,SO, enhanced significantly the effect of DDAC
on inactivation of FCV, we also investigated the effects of ion species with
other salts. The concentrations of various salts were set under the same
ionic strength conditions as the 10 mM Na SO, that showed the greatest
enhancement effect of DDAC.

Alog

.

0 mM 5mM 10 mM 30 mM 50 mM

Figure 1: Effect of Na,SO, on Didecyldimethylammonium Chlo-
ride (DDAC’s) inactivation of Feline calicivirus (FCV). The DDAC
concentration was 0.5 mM, the contact time was 1 minute, and the
inactivation effect was expressed as the mean value of n=3

First, the cation species of the various salts were fixed to Na+ ion, and
the effects of anionic species (SO 42', CI, NO,, I, ClO ) were evaluated as
shown in Figure 2.
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Figure 2: Effect of anionic species on DDAC’s inactivation of FCV.
The DDAC concentration was 0.5 mM, the contact times were (a) 1
minute and (b) 10 minutes, and the inactivation effect was expressed
as the mean value of n=3. To keep the anionic species at the same
ionic strength, Na,SO, of 10 mM and NaCl, NaNO,, Nal and NaClO
of 30 mM were used. Note: (0) 1min, (w) 10 min

At a contact time of 1 minute between the sample solutions (DDAC+salts)
and FCV solution, the additions of CI, NO,, T, and ClIO , ions hardly in-
creased any A log value, except for SO,* ions. When the contact time was
increased to 10 minutes, the inactivation ability of DDAC alone increased
to Alog=2 or more. In contrast, the added SO 42' ions at a contact time of 10
minutes extremely enhanced the inactivation effect of DDAC resulting in
Alog > 5, which was more than 10° times enhancement compared to that
of DDAC without SO,* ions.

On the other hand, the addition of CI- ions to DDAC resulted in the same
level of inactivation as DDAC alone at contact times of both 1 minute and
10 minutes, respectively, indicating no enhancing effect. The additions of
NO,, I, and CIO, ions to DDAC resulted in less inactivation of FCV (A
log=2 or less) than that of DDAC alone at both contact times of 1 and 10
minutes, respectively.

4

Then, the anionic species were fixed to Cl ions, and the effects of the cat-
ionic species (Ca**, Mg**, Na*, (CH,)4N") were evaluated in the same way.
The inactivation effect at 10 minutes of contact time was approximately
A log=2 for Ca**, Na’, (CH3) ,N* ions, and less than A log=2 for Mg?** ion,
respectively. The results showed that the cationic ions had no effect, if any,
on the enhancement of FCV inactivation by DDAC.

In conclusion, the enhancement of FCV inactivation among anionic spe-
cies added to DDAC was demonstrated in the order of SO,*>CI'>NO,>I
>ClO, . This trend corresponds well to the salting-out effect defined by the
Hofmeister series (Wang ] and Satoh M, 2009).

The effect of SO ions on inactivation of Feline calicivirus
(FCV) by various cationic surfactants

We found the enhancement of FCV inactivation by adding SO,* ions to
DDAC, as mentioned above, thus that to other cationic surfactants: CPC,
CTAC, and ADBAC were investigated. The concentrations of DDAC and
CPC in this analysis were 0.5 mM, while those of CTAB and ADBAC were
3 mM, respectively, since the inactivation effect of CTAB or ADBAC alone
was very small at 0.5 mM (data not shown). The cationic surfactants alone
at the concentrations described above showed only a low level of FCV in-
activation at a contact time of 1 minute as shown in Figure 3a. The addition
of SO,* ions to CPC and ADBAC slightly enhanced the inactivation effect,
but that to CTAC was no effect on enhancement (Figure 3a).

In contrast, the inactivation effects of CPC and ADBAC alone were ap-
proximately A log=2 at a 10-minute contact time, and the addition of SO *
ions greatly enhanced their inactivation ability as shown in Figure 3b. This
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suggested that the combination of several cationic surfactants (DDAC,
CPC, and ADBAC) and SO 42' ions is able to promote the inactivation of
non-enveloped viruses.

Furthermore, the inactivation enhancement effects of SO,* ions differed
among the cationic surfactants in descending order of DDAC>CPC>AD-
BAC>CTAC. It is of particular interest that DDAC is a double-chain type
with a large total carbon number, while CPC and ADBAC have an aro-
matic ring in the molecule even though they are single-chain types, thus
it is possible that such a hydrophobic molecular structure affects the inter-
action of cationic surfactants in the protein denaturation process.

Effect of SO ions on the protein denaturation of Didecyldi-
methylammonium chloride (DDAC)

The enhancement of FCV inactivation by cationic surfactants and SO,*
ions may be induced by the denaturation of the capsid structure of FCV.
However, the capsids were not commercially available and were difficult to
obtain. Therefore, we used BSA as a model protein, which is often used in
studies of protein denaturation by surfactants, and compared the denatur-
ation effect of DDAC alone to a mixture of DDAC and SO, ions on the
a-helical structure of BSA.

The CD spectra of BSA after adding DDAC with and without SO, > ions are
shown in Figure 4. The molar molecular ellipticity of BSA before denatura-
tion was reduced by the addition of 0.5 mM DDAC, and the denaturation
ratio calculated from the molecular ellipticity at 222 nm was 33.5%. Strik-
ingly, when the DDAC with 10 mM SO,* ions was added to BSA, the nega-
tive peak disappeared, the calculated denaturation ratio exceeded 100% in
the measured solution, and precipitation of the BSA and DDAC complexes
was observed. Furthermore, SO,* ions alone showed a denaturation ratio
of only about 7.4%, suggesting that SO,> ions and DDAC synergistically
affected the protein structure and induced a significant denaturation effect.
We presume that this large denaturation effect affected the capsid of FCV,
enhancing its inactivation ability.

Effect of SO ions on the interaction of Didecyldimethylam-
monium Chloride (DDAC) with Bovine Serum Albumin (BSA)

As described above, DDAC and SO,* ions seemed to synergistically en-
hance the protein denaturation effect. Therefore, we investigated how the
SO, ions changed the interaction of DDAC with BSA during the de-
naturation process of BSA. Figure 5 shows the heat of interaction curves of
DDAC and BSA with and without SO,* ions by means of ITC.

In general, when ionic surfactants interact with BSA, the monomers first
bind to the high-affinity binding sites by electrostatic interaction at the
lower concentration range of the surfactants. Thereafter, the amounts of
bound surfactants increase through cooperative binding in which the
hydrophobic interaction among surfactants is increased, and saturates at
the concentration near CMC (Zhang S, et al., 2016; Aoki K, 1985). During
the binding process, heat related to the interaction of surfactant molecules
and the structural changes of protein induced by the interaction is ob-
served, and converges to zero after all the changes are completed (Takeda
Kand Moriyama Y, 2011).

In the case of DDAC alone, an endothermic heat was observed during the
binding process at the lower concentration side, and the endothermic heat
decreased once and then increased again. Since the CMC of DDAC was
0.44 mM in the medium mixed solution in which ITC measurements were
performed, the peak at lower concentrations is attributed to high-affinity
binding and the peak near the CMC corresponds to cooperative binding.
The endothermic heat at concentrations above CMC suggests that the
structure of BSA tends to aggregate.

In contrast, in the case of DDAC with SO 42’ ions, a large endothermic peak
was observed, which was larger than that of DDAC alone. The presence of
SO, ions decreased CMC by 0.23 mM, suggesting that this large peak was
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Figure 3: Effect of SO,> ions on various cationic surfactants’ inactivation of FCV. The concentrations were 0.5 mM for DDAC and Cetylpyridinium
Chloride (CPC) and 3 mM for Cetyltrimethylammonium Chloride (CTAC) and Benzalkonium Chloride (ADBAC) because their inactivation
effects were small at 0.5 mM in the latter case. The contact times were (a) 1 minute and (b) 10 minutes, and the inactivation effect was expressed
as the mean value of n=3. Note: (0) 0 mM Na,SO,, (m) 10 mM Na,SO,
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Figure 4: Protein Denaturation of DDAC with and without SO Ions. The concentration of BSA was 300 ppm and the contact time was 10
minutes. Note: (—) Bovine Serum Albumin (BSA) only, () +10 mM Na,SO,, (- ) +0.5 mM DDAG, (--) +0.5 mM DDAC+10 mM Na SO,
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Figure 5: Effect of SO,> ions on the binding interaction of DDAC to BSA. Note: (&) DDAC, () DDAC+Na SO,
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due to simultaneous progression of high-affinity binding and cooperative
binding. The exothermic level at concentrations above CMC is also great-
er than for DDAC alone. The denaturation rates of BSA at concentrations
near the saturation of these binding processes, 0.4 mM for DDAC alone
and 0.2 mM for DDAC with SO, ions, were 45% and 96%, respectively. In
fact, a slight precipitation of complexes composed of BSA and DDAC was
observed at 0.2 mM DDAC with SO, ions.

On the other hand, the protein denaturation rate in Figure 4 showed a de-
naturation rate of 7.4% for the SO,* ion alone, but no heat of interaction
of the SO, ions themselves with BSA was observed by means of ITC. This
means that the SO > ions disturbed the protein structure by the salting-out
effect.

From these results, we found that the SO,* ions acted synergistically in
protein denaturation to disrupt the structure by salting-out and to promote
the cooperative binding of DDAC by lowering CMC. In other words, this
synergistic effect of protein denaturation can be considered to affect the
outer shell protein of non-enveloped viruses and enhance their inactiva-
tion ability.

CONCLUSION

We investigated the inactivation effects of cationic surfactants known as
disinfectants on non-enveloped viruses and the influence of salts as an
additive to enhance them. The enhancement effect of ionic species on in-
activation by DDAC was greater for anionic species than cationic species.
We found that the addition of anionic species with higher salting-out ef-
fects, such as SO,* ions, greatly enhanced the inactivation effect of non-en-
veloped viruses. These results suggested that the tendency of ionic species
to increase the interaction ability of cationic surfactants correlated well
with the Hofmeister series.

In addition, inactivation effects of FCV by the cationic surfactants were
enhanced by the addition of SO, ions in descending order of DDAC>CP-
C>ADBAC>CTAC. Their inactivation ability grew with larger hydrophob-
ic moieties, such as two hydrophobic chains with a larger carbon number
or a single chain with an aromatic ring. This suggested that the hydrophob-
ic moieties of cationic surfactants were largely responsible for the FCV in-
activation.

To consider the contribution of SO,* ions in the inactivation of non-envel-
oped viruses, we used BSA as a model protein and compared the protein
denaturation and the binding process of DDAC with and without SO >
ions. First, in the case of DDAC alone, the binding behavior evaluated
by ITC suggested that the binding process that included monomer and
cooperative bindings was already saturated at 0.5 mM of DDAC concen-
tration, at which point inactivation was tested. Many surfactants show
around 30% protein denaturation rates above CMC, where the binding
was saturated. The denaturation rate of DDAC alone was at the same level.

On the other hand, we found that the addition of SO 42' ions to DDAC
caused a large denaturation, in which the monomer and cooperative bind-
ing progresses simultaneously from lower concentrations, due to a decrease
in the CMC, and the DDAC-BSA complexes aggregated. Furthermore, the
SO, ions themselves did not directly bind to BSA, but slightly denatured
the BSA. These results indicated that the salting-out effect of SO,* ions dis-
rupted the protein structure and promoted the binding of DDAC, thereby
amplifying the disruption of the protein structure, which induced a major
protein denaturation effect.

As described above, the combination of a salt with strong salting-out
effect, such as SO 42' ions, and an antibacterial cationic surfactant with
double-chain or hydrophobic moieties were effective for the inactivation

of non-enveloped viruses such as FCV. In the future, we plan to further
investigate the denaturation of B-sheet type proteins close to capsids by

applying the combination of cationic surfactants and salts with stronger
salting-out affects, and to further elucidate the inactivation mechanism of
non-enveloped viruses.

755 Systematic Review Pharmacy

DATA AVAILABILITY STATEMENT

All data generated or analysed during this study are included in this pub-
lished article, its supplementary information files and also available from
the corresponding author on reasonable request.

REFERENCES

1. Ban M. Trends of antibacterial, antivirus and antibiofilm surface
treatments. J Surf Finish Soc Jpn. 2021; 72(5): 252-258.

2. Kratzel A, Todt D, V’kovski P, Steiner S, Gultom M, Thao TT, et al.
Inactivation of severe acute respiratory syndrome coronavirus 2 by
WHO-recommended hand rub formulations and alcohols. Emerg
Infect Dis. 2020; 26(7): 1592.

3. Yokohata R, Ishida Y, Nishio M, Yamamoto T, Mori T, Suzuki E et al.
A systematic review of the potential disinfectants against coronavirus
toward risk mitigation strategies for COVID-19 contact infection
route. Jpn J Risk Anal. 2020; 30(1): 5-28.

4. NITE. Final report on efficacy assessment of disinfecting substances
alternative to alcohol for use against Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2). National Institute of Technol-
ogy and Evaluation (NITE). 2022.

5. Block SS. Disinfection, sterilization, and preservation. Infect Control
Hosp Epidemiol. 2002; 23(2): 109.

6. ISO. Textiles-Determination of antiviral activity of textile products.
International Organization for Standardization (ISO 18184:2014).
2014: 42.

7. EPA. Product Performance Test Guideline, OCSPP 810.2200, Dis-
infectants for use on Environmental Surfaces, Guidance for Efficacy
Testing, (EPA 712-C-17-004). Environmental Protection Agency
(EPA). 2018.

8. Doultree JC, Druce JD, Birch CJ, Bowden DS, Marshall JA. Inacti-
vation of Feline calicivirus, a Norwalk virus surrogate. ] Hosp Infect.
1999; 41(1): 51-57.

9.  Bélec L, Tevi-Benissan C, Bianchi A, Cotigny S, Beumont-Mauviel
M, Si-Mohamed A, et al. In vitro inactivation of Chlamydia tracho-
matis and of a panel of DNA (HSV-2, CMYV, adenovirus, BK virus)
and RNA (RSV, enterovirus) viruses by the spermicide benzalkon-
ium chloride. ] Antimicrob Chemother. 2000; 46(5): 685-693.

10. Zonta W, Mauroy A, Farnir E Thiry E. Comparative virucidal efficacy
of seven disinfectants against murine Norovirus and Feline calicivirus,
surrogates of human norovirus. Food Environ Virol. 2016; 8(1): 1-2.

11. Whitehead K, McCue KA. Virucidal efficacy of disinfectant actives
against Feline calicivirus, a surrogate for Norovirus, in a short contact
time. Am ] Infect Control. 2010; 38(1): 26-30.

12. Obe K, Tsunena N, Miyajima N, Mizushima N, Kashiwa I. Evalua-
tion of protein denaturation effect of various surfactants by circular
dichroism. J Jpn Oil Chem Soc. 1980; 29(11): 866-871.

13. McDonnell G, Russell AD. Antiseptics and disinfectants: Activity,
action, and resistance. Clin Microbiol Rev. 1999; 12(1): 147-179.

14. Wang J, Satoh M. Novel PVA-based polymers showing an anti-Hof-
meister series property. Polymer. 2009; 50(15): 3680-3685.

15. Zhang S, Chen X, Ding S, Lei Q, Fang W. Unfolding of human serum
albumin by gemini and single-chain surfactants: A comparative
study. Colloids Surf A. 2016; 495: 30-38.

16. Aoki K. The interactions of surfactants with proteins (I). J Jpn Oil
Chem Soc. 1985; 34(9): 718-729.

17. Takeda K, Moriyama Y. Surfactant-protein interaction. Oreoscience.
2011; 11(1): 3-10.

Vol 13, Issue 11 Oct Nov, 2022


https://www.jstage.jst.go.jp/article/sfj/72/5/72_252/_article/-char/ja/
https://www.jstage.jst.go.jp/article/sfj/72/5/72_252/_article/-char/ja/
https://wwwnc.cdc.gov/eid/article/26/7/20-0915_article
https://wwwnc.cdc.gov/eid/article/26/7/20-0915_article
https://www.jstage.jst.go.jp/article/jjra/30/1/30_5/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jjra/30/1/30_5/_article/-char/ja/
https://www.nite.go.jp/data/000115863.pdf
https://www.nite.go.jp/data/000115863.pdf
https://www.nite.go.jp/data/000115863.pdf
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/disinfection-sterilization-and-preservation-5th-ed-ss-block-ed-philadelphia-lippincott-williams-wilkins-2001-1504-pages/C222AFACCB46846C0BC1DC2CE689658D
https://www.iso.org/standard/61722.html
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0150-0036
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0150-0036
https://www.regulations.gov/document/EPA-HQ-OPPT-2009-0150-0036
https://www.sciencedirect.com/science/article/abs/pii/S0195670199900373
https://www.sciencedirect.com/science/article/abs/pii/S0195670199900373
https://academic.oup.com/jac/article/46/5/685/668573
https://academic.oup.com/jac/article/46/5/685/668573
https://academic.oup.com/jac/article/46/5/685/668573
https://link.springer.com/article/10.1007/s12560-015-9216-2
https://link.springer.com/article/10.1007/s12560-015-9216-2
https://link.springer.com/article/10.1007/s12560-015-9216-2
https://www.sciencedirect.com/science/article/abs/pii/S0196655309005975
https://www.sciencedirect.com/science/article/abs/pii/S0196655309005975
https://www.sciencedirect.com/science/article/abs/pii/S0196655309005975
https://www.jstage.jst.go.jp/article/jos1956/29/11/29_11_866/_article
https://www.jstage.jst.go.jp/article/jos1956/29/11/29_11_866/_article
https://www.jstage.jst.go.jp/article/jos1956/29/11/29_11_866/_article
https://journals.asm.org/doi/full/10.1128/CMR.12.1.147
https://journals.asm.org/doi/full/10.1128/CMR.12.1.147
https://www.sciencedirect.com/science/article/abs/pii/S0032386109004704
https://www.sciencedirect.com/science/article/abs/pii/S0032386109004704
https://www.sciencedirect.com/science/article/abs/pii/S0927775716300516
https://www.sciencedirect.com/science/article/abs/pii/S0927775716300516
https://www.sciencedirect.com/science/article/abs/pii/S0927775716300516
https://www.jstage.jst.go.jp/article/jos1956/34/9/34_9_718/_article/-char/ja/
https://www.jstage.jst.go.jp/article/oleoscience/11/1/11_3/_article/-char/ja/



