Journal of Virological Methods 159 (2009) 217-226

I
Journal of
Virological

Contents lists available at ScienceDirect

Journal of Virological Methods

Methods

journal homepage: www.elsevier.com/locate/jviromet

A new Sephadex™-based method for removing microbicidal and cytotoxic
residues when testing antiseptics against viruses: Experiments with a human
coronavirus as a model

Chloé Geller, Stéphane Fontanay, Chantal Finance, Raphaél E. Duval*

SRSMC, Nancy-University, CNRS, Nancy, France

ABSTRACT

Article history:

Received 18 December 2008

Received in revised form 23 March 2009
Accepted 25 March 2009

Available online 5 April 2009

The relative lack of efficient methods for evaluating antiseptic antiviral activity, together with weaknesses
in the existing European Standard (i.e. NF EN 14476+A1), underlines the need to seek a new method which
could allow a more precise evaluation of the antiseptic antiviral activity of chemical agents.

This protocol is based on an original gel-based filtration method, using “in-house” G-25 and G-10
Sephadex™ columns. This method allows the neutralization of both the activity and the cytotoxicity of a
large range of molecules, according to their molecular size, in only 1 min.

i‘;{gggﬁé evaluation The viral model used was the human coronavirus (HCoV) 229E chosen for (i) its increasing medical
Sephadex™ interest, (ii) its potential resistance and (iii) its representing enveloped viruses mentioned in the European

Standard.

First, the protocol was validated and it was demonstrated that it was fully operational for evaluating
antiviral antiseptic potentiality and useful to screen potentially antiseptic molecules.

Second, chlorhexidine (CHX) and hexamidine (HXM) were assessed for their potential anti-HCoV 229E
antiseptic activities. It was demonstrated clearly that (i) HXM had no activity on the HCoV 229E and (ii)

Gel filtration
Human coronavirus
Chlorhexidine
Hexamidine

CHX showed a moderate anti-HCoV 229E activity but insufficient to be antiseptic.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Antiviral antisepsis and disinfection are crucial for preventing
the environmental spread of viral infections. Indeed, very few effi-
cient and specific treatments are available to control most of these
infections. Furthermore, emerging viruses and associated diseases
as well as nosocomial viral infections have become an important
issue in medical fields.

The Coronaviridae family, an enveloped RNA virus family, is arep-
resentative example of this issue. Since the 1960s, only two human
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CCso, 50% cytotoxic concentration; CCIDsg, 50% cell culture infective dose; CHX,
chlorhexidine; CPE, cytopathic effect; EBSS, Earle’s balanced salt solution; EDTA,
ethylene diamine tetracetic acid; FCS, fetal calf serum; FW, formula weight; HCoV,
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pathogen members of this family have been identified: the Human
coronavirus, strain 229E (HCoV 229E) and the Human coronavirus,
strain OC43 (HCoV 0C43). Known to be responsible for a large pro-
portion of common colds (Hamre and Procknow, 1966; Holmes,
2001; Larson et al., 1980), they have been implicated in more seri-
ous diseases, along with the newly identified HCoV: the NL63 strain
(Van der Hoek et al., 2004) and the HKU1 strain (Woo et al., 2005).
Indeed, these viruses have been recognized as causing lower respi-
ratory tract infections, (Vabret et al., 2003; Van Elden et al., 2004).
They have also been involved in nosocomial viral infections, espe-
cially inyoung children and neonates (Gagneur et al.,2002a,b; Moes
et al., 2005; Vabret et al., 2008), in the elderly (Falsey et al., 2002;
Nicholson et al., 1997) and in immunocompromised patients (Pene
et al., 2003).

Furthermore, the outbreak of severe acute respiratory syndrome
(SARS) in 2002-2003, responsible for the first worldwide epidemic
of the 21st century, was due to a newly discovered coronavirus,
the SARS associated coronavirus (SARS-CoV) (Drosten et al., 2003;
Ksiazek et al., 2003; Peiris et al., 2003). This outbreak led to a new
awareness of the medical importance of the Coronaviridae family.

Another interesting feature of coronaviruses is their poten-
tial environmental resistance, despite the accepted fragility of
enveloped viruses. Indeed, a HCoV 229E survival of 70% after 72 h
at 20°C and 50% relative humidity has been observed, as well as


http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
mailto:raphael.duval@pharma.uhp-nancy.fr
dx.doi.org/10.1016/j.jviromet.2009.03.023

218 C. Geller et al. / Journal of Virological Methods 159 (2009) 217-226

a HCoV 229E survival of 90% at 6°C and a relative humidity >50%,
which could account for airborne transmission and for winter epi-
demics of HCoV 229E, respectively (Ijaz et al., 1985). Another study
showed 30% and 50% of virus residual infectivity for the HCoV 229E
and the HCoV 0C43, respectively, after 6 days in suspension in phos-
phate buffered saline (PBS) at 37 °C and 30% of residual HCoV 229E
infectivity after 3 h of drying on different supports found in hospi-
tal settings, i.e. aluminium, sterile sponges or latex surgical gloves
(Sizun et al., 2000). More recently, numerous studies have under-
lined an important SARS-CoV survival under various conditions: in
serum, in 1:20 diluted sputum, in faeces for at least 96 h and in
urine for at least 72 h. SARS-CoV also retained infectivity at 4°C, at
room temperature and at 37 °C for at least 2 h (Duan et al., 2003;
Rabenau et al., 2005). Furthermore, some studies have shown the
transfer of viruses from contaminated hosts (hands, nasal mucosa)
to surfaces and from environmental surfaces to hands and therefore
a potential contamination of susceptible hosts (Sattar et al., 1993;
Winther et al., 2007). Another study has also shown a longer sur-
vival of a herpesvirus on human skin than on an inanimate carrier
(i.e. a stainless steel disk) (Graham et al., 1996). Thus, considering
the potential resistance of HCoV for some hours in the environment,
their pathogenesis and the absence of specific treatment, an effi-
cient skin antisepsis, to stop eventual dissemination by the hands of
healthcare workers, is a meaningful way to fight virus transmission
and associated diseases.

A fundamental point is to evaluate the efficiency of
antiseptics-disinfectants (ATS-D) on viruses properly. The princi-
ple of antiseptic antiviral activity evaluation is (i) to collect viruses
and the product under test for an appropriately defined and
precise contact time, (ii) to neutralize product activity, i.e. stopping
product activity and removing its potential cytotoxicity, and (iii)
to estimate the loss of viral infectivity due to the product activity.
These tests require appropriate controls especially to check the
absence of interference due to the test itself on viral infectivity, the
efficiency of neutralization, the removal of cytotoxicity, and also,
to establish reproducible and well defined conditions, e.g. contact
time, temperature, interfering substances (Fig. 1).

To date, only one European Standard (NF EN 14476+A1) on viru-
cidal ATS-D activity testing in human Medicine was published in
January 2007 (AFNOR, 2007). It specifies the test method and min-
imum requirements to establish virucidal activity according to the
potential use of the products tested, e.g. disinfection of surfaces and
instruments, hygienic hand wash or thermo-chemical disinfection.
Virus strains, temperatures, contact times, interfering substances
are specified for each potential use. According to this standard, a
productis considered to have an ATS-D antiviral activity if it induces
aloss of infectivity of at least 4 logyg in viral titers during an accurate
contact time.

Some parameters need to be extended to improve antiviral
ATS-D activity testing. For instance, one proposed method in the
European Standard to neutralize product activity isa 1:10 dilution of
product/virus mix in iced medium. However, considering the very
large range of ATS-D nature (single molecules or a mixture of dif-
ferent ones), this method is not always reliable and furthermore,
it may lengthen contact time. The European Standard suggests
other methods, based on gel-filtration techniques, using products
as Sephadex™ LH-20, Microspin™ columns S400HR or Minicon®
concentrators, but they lead to problems of contact times, separa-
tion capacity and cost (supplementary data, Fig. 1).

With these aims in mind, a protocol was developed that allows
neutralization, in only 1 min, of the activity and cytotoxicity of a
large range of molecules, according to their molecular size. This pro-
cedure also involves a gel-filtration-based method but uses 2 other
types of Sephadex™ gels: Sephadex™ G-10 and G-25. Their reten-
tion capacities are [100-1000]gmol-! and [900-5000]gmol~!,
respectively, which is consistent with the molecular mass of most

ATS-D (supplementary data, Fig. 1B). To validate this protocol and
establish its potential limits, antiseptic antiviral activities of two
ATS-D, the chlorhexidine (CHX) and the hexamidine (HXM), were
tested on HCoV 229E.

2. Materials and methods
2.1. Reagents and disposable materials

Minimum essential medium (MEM; 41090.093, fetal calf serum
(FCS; 10270098), trypsine-EDTA (25300-054), Earle’s balanced salt
solution (EBSS; 24010043), trypan blue (TB; 15250-061) and MEM
without glutamine and without phenol red (51200-046) were
purchased at Invitrogen (Cergy Pontoise, France). For culturing
cells, 75cm? cell culture flasks (831813) and 96-well flat-bottom
culture plates (831835) were purchased at Sarstedt (Marnay,
France). May-Griinwald solution (1014240500) and Giemsa solu-
tion (1092040500) were bought from Merck (Darmstadt, Germany).
Chemicals as dimethylsulfoxyde (D2438), neutral red (NR; N4638),
sodium dodecyl sulfate (S9625) and formaldehyde at 36.5% (v/v)
(533998) were bought at Sigma (Saint Quentin Fallavier, France);
calcium chloride (CaCl,, 33604.261) at Prolabo, (Fontenay sous
Bois, France) and acetic acid (45726) at Fluka biochemical (Saint
Quentin Fallavier, France). One milliliter syringes (300013) were
from Becton Dickinson (Le Pont de Claix, France) and 0.22 pm filters
(SLGPO33RS) from Millipore Express (Saint Quentin en Yvelines,
France). Sephadex™ G-25 and the Sephadex™ G-10 (17-0010-01
and 17-0033-01, respectively) were purchased at GE Healthcare
(Saclay, France). Finally, CHX digluconate and HXM diisethionate
were kindly provided by ].-B. Regnouf-de-Vains (SRSMC, Nancy-
University, France).

2.2. Cell culture and virus

Human embryonic pulmonary epithelial cells, L-132 cells (ATCC
CCL-5), kindly provided by Dr H.F. Hildebrand (Faculty of Medicine,
Lille, France), were grown in MEM supplemented with 5% of FCS,
at 37°Cin a humidified atmosphere containing 5% CO,. They were
split 2-3 times a week. Cells, grown in 75 cm? cell culture flasks
were washed 3 times with Phosphate Buffered Saline (PBS) and
0.5 mL of trypsine-EDTA was added. Flasks were incubated for a
few minutes at 37 °C with 5% CO, and 4.5 mL of MEM 5% FCS were
added to achieve cell dissociation. Stock cells were prepared with
the cellular suspension obtained after trypsinization and mixed
with MEM containing 10% (v/v) FCS and 10% (v/v) dimethylsul-
foxyde. They were then aliquoted and conserved at —196 °Cin liquid
nitrogen.

Human coronavirus, strain 229E (ATCC VR 740), kindly pro-
vided by Dr. S.A. Sattar (Faculty of Medicine, Ottawa, Canada) was
cultivated on L-132 cells, in MEM supplemented with 2% FCS, at
33°C in a humidified atmosphere containing 5% CO,. 33°C has
been shown to be the optimal growth temperature for the HCoV
229E (Bradburne, 1972). Stock viruses were prepared by infection
of 75 cm? cell culture flasks with a confluent monolayer of L-132
cells, not much older than 3 days. When confluence was reached,
medium was removed and cells were washed 3 times with PBS. Cells
were then inoculated with 1 mL of stock virus suspension diluted
at 1:5 in EBSS and incubated for adsorption virus time (i.e. 1 h), at
33°C with 5% CO,. Culture flasks were then filled out with 11 mL
of MEM 2% FCS and re-incubated at 33°C with 5% CO, for 48h,
before the cytopathic effect (CPE, i.e. cell lysis), was completely
achieved. Three cycles of freezing/thawing of 15 min each were
performed in order to liberate virions. Media were centrifuged at
2000 x gfor 5 min to eliminate cellular fragments and, supernatants
containing viruses were aliquoted in cryotubes and conserved
at —80°C.
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Fig. 1. Principle of the evaluation of antiviral antiseptic activity.

2.3. End point dilution method for virus titration

L-132 cells were seeded at 5 x 103 cells/well in 96-well flat-
bottom culture in MEM 5% FCS. Cell counts were performed with
the TB exclusion method. Cells were incubated at 37°C in 5% CO,,
for 48 h to obtain a confluent monolayer. After removing medium,
180 L of fresh MEM 2% FCS were added to each well. Cells were
then infected at a multiplicity of 0.2, and 10-fold serial dilutions
were carried out. Infected cells were incubated at 33°C in 5% CO,
for 6 days to obtain the optimal CPE. At the end of the incu-

bation period, cells were fixed and stained with May-Griinwald
and Giemsa. Fifty microliters/well of May-Griinwald solution were
allowed to fix and stain cells for 5 min and after a washing step with
tap water, 50 pL/well of Giemsa solution were added for 15 min
to achieve the final staining before a last washing step with tap
water. Infected wells were counted under a phase-contrast inverted
microscope (Olympus, Rungis, France) and viral titers or 50% cell
culture infective dose (CCIDsg), expressed as viral infectious par-
ticlesmL~!, were estimated according to the Reed and Muench
method (Reed and Muench, 1938).
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2.4. Molecules tested

All molecules tested were prepared, extemporaneously, as aque-
ous solutions and filter-sterilized on 0.22 pm filters.

2.4.1. Chlorhexidine

Chlorhexidine (CHX) is a bisbiguanide, used widely as anti-
septic and disinfectant. It has been used at concentrations from
0.05% (m/v), i.e. 5.6 x 10~*mol L1, in aqueous solutions for skin
damage disinfection to 0.5% (m/v), i.e. 5.6 x 10-3 mol L1, in alco-
holic solutions for pre-operative skin disinfection. A CHX salt, the
CHX digluconate, was used because of its greater water solubility
and its commercial use under this form. Its molecular weight is
897.80 g mol~'. The aqueous solution is colourless.

2.4.2. Hexamidine

Hexamidine (HXM) is also used widely for skin disinfection and
external use. It belongs to the aromatic diamidine group. HXM is
insoluble in water; therefore a HXM diisethionate salt solution, of
which the water solubility limit is 55 gL~! (Fleurette, 1995), is also
used in commercial formulations as in this study. In commercial
formulations, HXM is used at 0.1% (m/v), i.e. 1.6 x 10~3 molL-1,
or at 0.15% (m/v), i.e. 2.4 x 10~3molL~!. Its molecular weight is
606.72 gmol~!. The aqueous solution is colourless.

2.5. Cytotoxicity and viability tests

MTT viability assays and NR cytotoxicity assays were carried out
to evaluate the cellular impact of molecules tested on L-132 cells.
In both assays, L-132 cells were seeded into 96-well culture plates
in MEM with 5% FCS. They were incubated at 37 °C with 5% CO, for
48 h prior to the addition of the appropriate dilutions of the product
to be tested and then re-incubated for 24 h, 48 h and 168 h.

For MTT tests, a modified Mosmann’'s protocol was used
(Mosmann, 1983). After medium removal, 100 p.L/well of PBS and
10 pL of MTT solution at 5 mgmL~! in PBS were added. After 4 h of
incubationat37°Cin 5% CO,, 100 p.L of sodium dodecyl sulfate were
added to dissolve formazan dark blue crystals produced by reduc-
tion of MTT by succinate mitochondrial deshydrogenase. Plates
were re-incubated for 4 h and measurements were performed with
a scanning multiwell spectrophotometer (ELISA reader, Multiscan
EX, Thermo Fisher Scientific, Saint Herblain, France) using a test
wavelength of 540 nm and a reference wavelength of 690 nm. Cell
viability was validated, which is proportional to the produced
quantity of formazan crystals and expressed as 50% inhibitory con-
centration (ICsg, molL~1).

NR assays were performed according to a modified Borenfre-
und’s protocol (Borenfreund and Puerner, 1985). An aqueous stock
solution at4 mg mL~! of NR, subjected to a centrifugation at 405 x g
for 10 min to eliminate eventual aggregates, was prepared. For the
assay, a “ready to use” solution of NR at 50 wg mL~! in MEM without
glutamine and without phenol red was prepared extemporaneously
to avoid fine precipitates which could form when NR is mixed with
medium. After medium removal, cells were rinsed with 200 w.L of
PBS/well prior to the addition of 200 pL/well of “use” NR solution.
Plates were re-incubated for 3 h at 37°C in 5% CO, to allow the
uptake of the dye by living cells. The dye-medium was then taken
off and cells were washed with 200 wL/well of “A” solution [“A”
solution: 4% (v/v) formaldehyde at 36.5% (v/v), 1% (m/v) CaCl, in dis-
tilled water]. To release NR accumulated in lysosomes of living cells,
200 pL/well of “B” solution were added [“B” solution: 1% (v/v) acetic
acid, 50% (v/v) absolute ethanol in distilled water]. The quantity of
NR released was estimated by spectrophotometric measurement at
540 nm in a scanning multiwell spectrophotometer. It was propor-
tional to the cytotoxicity of molecules tested and expressed as 50%
cytotoxic concentration (CCsg, molL~1).

These tests were also performed with solutions of CHX and HXM
atvarious concentrations and after their filtration on the “in-house”
Sephadex™ columns to evaluate their retention and the elimina-
tion of potential cytotoxicity.

2.6. Evaluation of antiviral antiseptic activity

2.6.1. Preparation of Sephadex™ media

Sephadex™ media are a range of cross-linked dextran gels of
variable porosity according to the degree of cross-linking. This
property, based on the principle of exclusion-diffusion, allows the
separation of different molecules according to their molecular size.
They are manufactured in a bead form and need to be suspended in
a buffer. Two different kinds of Sephadex™ were used in this pro-
tocol, the Sephadex™ G-25 and the Sephadex™ G-10, which have
resolution capacities of 900-5000 g mol~! and 100-1000 g mol-!,
respectively.

According to the manufacturer’s instructions, Sephadex™ G-10
and G-25 should be suspended for minimum 3 h at room temper-
ature, in at least 20 times their volume in PBS (i.e. about 30gL™1),
to equilibrate the pH at 7 and to allow the gel to swell. Suspensions
were sterilized by autoclaving and excess of PBS was eliminated to
obtain a suspension with a volume ratio of Sephadex™/PBS of 1/1.

2.6.2. Preparation of the “in-house” Sephadex™ columns

Columns were made up with a 1 mL syringe, stuffed with carded
cotton, associated with a drilled Eppendorf type 1.5 mL microtube;
each part was sterilized by autoclaving. The body of the syringe was
filled with 1 mL of sterile Sephadex™ gel, prepared as described
above. The system with the syringe and the Eppendorf tube was
placed into a 50 mL conic bottom centrifuge tube to conserve steril-
ity and centrifuged at 4500 x g for 1 min. The definitive “in-house”
Sephadex™ column was then ready (supplementary data, Fig. 2).

2.6.3. Assay for antiviral antiseptic activity

Ninety-six-well flat bottom culture plates were seeded at
5 x 103 cells/well in MEM 5% FCS and incubated at 37 °C in humid-
ified atmosphere with 5% CO, for 48h to obtain a confluent
monolayer.

After 2 days of incubation, the appropriate dilution of the prod-
uct to be tested was prepared in distilled water and filter-sterilized
on a 0.22 pm filter.

Viral suspensions of HCoV 229E were allowed to thaw; 200 pL
were mixed with 1.8 mL of the diluted product and allowed to
stay in contact for the desired contact time. To separate viruses
and the product, 500 pL of this mixture were placed into the “in-
house” Sephadex™ column, 30 s before the end of the contact time,
to leave sufficient time to centrifuge. The system was placed in
a 50mL centrifuge tube to maintain sterility and centrifuged at
405 x g for 1 min. This centrifugation retained the product accord-
ing to its molecular size and the kind of Sephadex™ used and to
recover viruses in the filtrates. Viral titers were then evaluated with
the end point dilution method (Section 2.3). The potential loss of
HCoV infectivity was estimated by the difference between viral
titer of positive control, which was also subjected to filtration on
the “in-house” Sephadex™ columns but without the presence of
the product; and viral titer obtained after contact with the product
tested for desired contact time and neutralization by filtration on
the “in-house” Sephadex™ columns.

2.6.4. Control experiments

Three types of controls were performed in each experiment to
validate the results: (i) non-retention of viruses after filtration on
Sephadex™ columns, (ii) neutralization of the potential antiviral
activity of the product tested, and (iii) elimination of its cytotoxicity.
Asthe European Standard (NFEN 14476+A1) states, the difference in
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viral titer before and after treatment, (i.e. in this case, gel filtration),
without product tested, should not excess 0.510g1g. To assess the
non-retention of viruses, e.g. HCoV 229E, viral suspensions were
mixed with sterile distilled water for the contact time defined for
the experiment, filtered on the “in-house” Sephadex™ columns
and titrated as describe above (Section 2.3).

Neutralization assays were performed by filtration of 500 p.L of
the solution to be tested on the “in-house” Sephadex™ columns
and 180 pL of the filtrates were mixed with 20 L of viral sus-
pension. This mixture was then inoculated to the L-132 cells
monolayers. The viral titer obtained should be equivalent to viral
titer without filtration (i.e. a logyo difference <0.5), since the
product should be retained in the column. This experiment also
verified that filtrates did not have any influence on virus infectiv-
ity.

Cytotoxicity controls were also carried out for each experiment,
as a complement to MTT and NR assays undertaken previously.
These controls were performed by filtration of 500 wL of the
product tested and then filtrates were inoculated on L-132 cells.
After 6 days of incubation, cells monolayers were observed under
an inverted microscope and any sign of cytotoxicity should be
visible.

2.7. UV-spectrophotometry

Retention of the molecules tested by the “in-house” Sephadex™
columns was also confirmed by UV-visible spectrophotometry.
The range of dilutions was assayed to establish specific spec-
trophotometric parameters: maximum absorption wavelength
Amax, Molar absorption coefficient ¢ and detection limits, for each
molecule.

Dilutions were prepared in distilled water to mimic the test
conditions. Spectra were performed on a UV-visible spectropho-
tometer (UVmc2, Safas, Monaco) within a 180-640 nm window.
Calibration curves (AAmax =f{c)) were established to determine the
molar absorption coefficient (&) for each molecule. Different dilu-
tions of products tested were prepared in distilled water and filtered
through the “in-house” Sephadex™ columns. Their absorbances
were then measured at Amax to determine the residual concentra-
tion.

Table 1

2.8. Statistical analysis

To validate this process, statistical analysis of the different steps
was undertaken using Statview® Version 5.0. For all tests, the max-
imum acceptable risk was 5%. To assess homogeneity of columns,
i.e. volumes of gel after the first centrifugation and volumes
of filtrate after the second centrifugation, Kolmogorov-Smirnov
tests were used to assure distribution normality of each inde-
pendent tested batch, and then Bartlett’s tests were used to
compare variances. In case of variances in homogeneity, an ANOVA
test was used to compare means of the different batches; in
case of non-homogeneity of variances, a non-parametric test of
Kruskall-Wallis was used to compare averages. Finally, corre-
lation studies, using a Fisher transformation, were realised to
estimate whether there was an association gel volumes and either
filtrates volumes or residual concentrations after filtration on
Sephadex™.,

For UV-spectrophotometry, regression analysis (A = f{c)) was car-
ried out to establish specific spectrophotometric parameters of each
molecule tested.

3. Results

3.1. Validation of the protocol for antiseptic antiviral activity
testing

3.1.1. Reproducibility of the “in-house” Sephadex™ column
fabrication and retention of dye molecules

As specified in Section 2.6.2, two centrifugation steps were
needed: (i) to prepare optimized columns of 0.5 mL of gel, whether
for Sephadex™ G-25 or Sephadex™ G-10 and (ii) to filter the drug-
virus mixture to achieve the neutralization step with retention
of molecules tested, non-retention of viruses and homogeneous
quantity of filtrates. Different speeds and times of centrifugation
were then tested and best parameters were determined: 1 min at
4500 x g for the first centrifugation and 1 min at 405 x g for the
second centrifugation.

The homogeneity of (i) gel volumes obtained after the first
centrifugation and (ii) filtrate volumes obtained after the second
centrifugation; was first established on 4 independent batches of

UV-visible spectrophotometric parameters of molecules tested and retention rates. Molecules tested were suspended in sterile distilled water (pH 7). Calibration curves
were established for each molecule on a UV-visible spectrophotometer within a 180-640 nm wavelength window. The concentrations tested ranged from 10-7 mol L-!
to 10~2 mol L~ except for trypan blue (TB) and neutral red (NR) for which concentrations ranged from 10-7 molL~! to 4.1 x 10~*molL~' and from 5 x 10~ molL~! to
5x 104 mol L1, respectively. Regression analyses were then performed to determine specific spectrophotometric parameters: (i) linearity limits (mol L-1), (ii) minimum
detection limits (mol L-1); within these limits, (iii) the specific maximal absorption wavelength (Amax, nm) and (iv) the specific molar absorption coefficient (¢, Lmol~! cm~1).
Retention rates (see formula in Section 3.1.1) of each molecule by the specified type of Sephadex™ media are indicated, i.e. TB and chlorhexidine (CHX) Retention rates by
Sephadex™ G-25; NR and hexamidine (HXM) Retention rates by Sephadex™ G-10. Ci corresponds to the initial concentration or concentration before filtration. Absorption

wavelength used to estimate the retention rate is specified each time it was necessary.

Molecules tested

Specific spectrophometric parameters for each molecule tested

Retention rate

Amax (NM) & (Lem~Tmol 1) Linearity limits (molL-1) Detection limit (molL~1) Ci(molL1) Retention rates (%)
Sephadex™ G-25
TB 234 2.0 x 104 [2.5x 107 to 1074] 5% 1077 41x104 589 nm: 95.11 £ 2.35 (n=20)
317 1.1 x 104 [2.5 x 107 to 10-4] 7.5 x 107 41 %1073 589 nm: 92.06 +3.43 (n=20)
589 2.9 x 104 [5x10-7 to 7.5 x 1077] 5% 107
CHX 232 2.6 x 104 [1076 to 2.5 x 10~4] 106 104,103 232 nm, 255 nm: >992 (n=6)
[10-6 232nm: 79.73 £4.37 (n=6)
4 —6 —2
255 2.5x10 to 10 10 255nm: 81.27+ 128 (n=6)
104]
Sephadex™ G-10
NR 276 3.5% 10 [5x10-7 to 5 x 10-5] 5x 107 10-4,10-3 276 nm, 452 nm: >99.5a (n=20)
452 1.0 x 104 [5x1077 to 5 x 10~°] 5x 107
HXM 261 2.1 x10* [10-6 - 10-4] 10-6 104,103 261nm: >99% (n=6)
102 261 nm:<90° (n=6)

2 Below the detection limit.
b Above the linearity limits.
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10 columns for each Sephadex™ gel, by statistical analysis using
Statview® V. 5.0 (Section 2.8).

Retention rates of 2 dye molecules were measured: the
TB (960.83gmol-1) for the Sephadex™ G-25 and the NR
(288.78gmol 1) for the Sephadex™ G-10. To determine this
rate, the spectrophotometric parameters of TB and NR (Table 1)
were established by measuring absorbances of concentrations
ranging from 10~7 molL-! to 4.1 x 10~*molL-! for TB and from
5x 107 molL~! to 5 x 10~*mol L~ for NR, followed by a regres-
sion analysis (Section 2.8). The residual concentrations of filtrates
were estimated by measuring absorbances in UV-visible and cal-
culating the retention rate according to the formula: retention
rate =[(Ci — Cf)/Cf] x 100, where Ci was the initial concentration or
concentration before filtration and Cf was the final concentration
or the residual concentration after filtration.

Retention rates obtained for TB after filtration on Sephadex™
G-25 were (95.11 +2.35)% and (92.06 & 3.43)% after filtration of
TB solutions at 4.1 x 10~ molL~! and 4.1 x 103 molL~! (which
was the commercial concentration), respectively. For NR solu-
tions, either at 10~*molL-! or 10-3molL-!, after filtration on
Sephadex™ G-10, concentrations were under the detection thresh-
old. Thus, the retention rates obtained were >99.5% after filtration
of NR solutions at 104 molL~! and 10-3 mol L1,

It was found that, within a range of [450-550].L of gel volumes
after the first centrifugation, there was no significant variation in
filtrate volumes and in retention rates. In further experiments, all
gel volumes were included within these limits.

3.1.2. Non-retention of virus particles by the “in-house”
Sephadex™ columns

Basically, the “in-house” Sephadex™ columns should retain the
product but not viruses. According to the European Standard NF
EN 14476+A1 (AFNOR, 2007), the difference between viral titer
before and after treatment, i.e. here, after filtration, should not
exceed 0.5 logyg. To ensure this non-retention of viruses, 3 indepen-
dent experiments for each Sephadex™ type and for each contact
time tested, were performed. The HCoV 229E stock suspension
was diluted 1:10 in sterile distilled water and filtered on the “in
house” Sephadex™ columns. The viral titers were compared with
and without filtration (Table 2). For Sephadex™ G-10, logyg dif-
ferences between viral titers were 0.1 +0.1, 0.3+ 0.4 and 0.2+0.2
for contact times of 0 min, 30 min and 60 min, respectively (n=3
for each contact time). For Sephadex™ G-25, logyo differences
between viral titers were 0.2 +£0.2,0.4+0.2, 0.1 +£0.3, 0.1 +£0.2 and
0.0+0.2 for contact times of Omin, 5min, 15min, 30 min and
60 min, respectively (n=6 for each contact time). Consequently,
Sephadex™ columns of each Sephadex™ type did not retain HCoV
229E and did not induce a loss of infectivity.

3.1.3. Elimination of cytotoxicity of molecules tested (CHX and

HXM) by filtration on the “in-house” Sephadex™ columns
Elimination of cytotoxicity was a crucial control before inocula-

tion of filtrates onto the cells. It allowed the assessment of antiviral

Table 2

Table 3

Elimination of potential cytotoxicity by filtration on the “in-house” Sephadex™
columns. 50% inhibitory concentration (ICso ) and 50% cytotoxic concentration (CCsg)
of chlorhexidine (CHX) and hexamidine (HXM), without filtration, on L-132 cells
were evaluated with methyl thiazol tetrazolium (MTT) assays and neutral red (NR)
assays, respectively (in bold). ICso and CCso of (i) CHX solutions at 10~ molL~!
and 10~4 mol L', and (ii) of HXM solutions at 10-2 molL-! and 103 mol L1, after
filtration on the “in-house” Sephadex™ G-25 and Sephadex™ G-10 columns, respec-
tively, were then evaluated. Results, expressed in mol L1, represent the average of
3 independent experiments.

Ci 24h 48 h 168 h

CHX

ICso  Without filtration (4.3+£0.6)x 106 (2.4+1.3)x10¢ (3.9+0.2)x 106
103 molL! >10~* >104 >5.6 x 107>
10~4mol L1 >10-° >10-° >10-°

CCso  Without filtration (5.6+£1.1)x 10 (2.9+1.3)x 106 (3.4+0.5)x 106
103 molL! >10~* >10-4 >5.4 x 107>
10~4mol L1 >10-° >10-° >10-°

HXM

ICso Without filtration (3.8+1.0)x10> (1.2+1.4)x10> (3.8+2.5)x10°¢
102 mol L1 (53+£14)x 10> (1.0+£05)x 10> (59+14)x 106
103 mol L' >10-4 >10-4 >10-4

CCso  Without filtration (6.2+1.4)x 105 (25+1.5)x 105 (5.6+0.1)x 106
10-2molL! (62+13)x 105 (324+22)x10°5 (5.7+£0.3)x 106
10-3 molL! >10-4 >10-4 >5.5x 105

activity, eliminating an eventual cellular impact of the product on
L-132 cells. MTT and NR assays were carried out to determine ICsg
and CCsg, respectively. The IC5g and CCsq of CHX and HXM solutions
(without filtration) were first determined on L-132 cells (Section
2.4). Then, IC5¢ and CCsg of CHX and HXM solutions, at different
concentrations and after filtration on the “in-house” Sephadex™
columns, were determined to make sure of the elimination of
the eventual cytotoxicity by the filtration on the “in-house”
Sephadex™ columns. Each experiment was repeated 3 times inde-
pendently to find the ICsg and CCsg corresponding to the average
results of those 3 experiments. As shown in Table 3,1C5¢ of CHX on L-
132 cells were (4.3 +£0.6) x 1075 molL-1, (2.441.3) x 10~ mol L~!
and (3.94+0.2) x 10~ molL-! at 24 h, 48 h and 168 h, respectively,
and CCsg were (5.6 +1.1)x 10~ mol L1, (2.9+1.3) x 10~ mol L-!
and (3.4+0.5) x 10~ mol L1 at 24 h, 48 h and 168 h, respectively.
After filtration of CHX solutions at 10~3 molL~! and 10~* mol L~!
on Sephadex™ G-25 columns, CCsg and ICs¢ were >10~4mol L1,
according to the detection limit of the method, except at 168 h,
where ICsg was >5.6 x 107> and CCsg >5.4 x 10~> mol L~ after fil-
tration of 103 mol L-! CHX solution.

The same experiments were carried out with HXM. ICsq
of HXM without filtration were (3.8+1.0)x 10> molL"1,
(1.2+1.4)x 10> molL-!and (3.8 +2.5) x 10 mol L~ at 24 h,48 h
and 168 h, respectively, and CCsy were (6.2 +1.4) x 10-> mol L1,
(25+15)x 10> molL~! and (5.6+0.1)x 10-5molL~! at 24h,
48h and 168 h, respectively. After filtration of HXM solution at
10~3 mol L~ on the Sephadex™ G-10 columns, IC5¢ and CCsy were
>10~4mol L1, except at 168 h where CCsg was >5.5 x 10~> mol L1,

Non-retention of HCoV 229E by the “in-house” Sephadex™ columns. Results, expressed as logio of 50% cell culture infective dose (CCIDso ), represent the average of viral titers
of at least 3 independent experiments. These assays allowed to evaluate the non-retention of the human coronavirus 229E (HCoV 229E), for each Sephadex™ type and each
contact time tested. Viral suspensions were diluted at 1:10 in sterile distilled water for the specified contact time before filtration on the “in-house” Sephadex™ columns and

inoculation to the L-132 cells. nd: not determined.

Contact time (min) Sephadex™ G-10

Sephadex™ G-25

Without filtration After filtration Difference Without filtration After filtration Difference
0 58+0.5(n=3) 57+0.6 (n=3) 01+0.1(n=3) 6.0 £ 0.6 (n=6) 58 £ 0.6 (n=6) 02 +£0.2(n=6)
5 nd nd nd 59+ 0.7(n=6) 56+ 0.6 (n=6) 04 +0.2(n=6)
15 nd nd nd 5.6 £ 0.5(n=6) 5.6 £ 0.4 (n=6) + 0.3 (n=6)
30 6.7+£0.9(n=3) 6.4+0.3(n=3) 03+0.4(n=3) 6.1 £0.2(n=6) 6.0 £ 04 (n=6) 0.1 £0.2(n=6)
60 6.7+0.9(n=3) 6.4+0.7(n=3) 02+0.2(n=3) 6.1 £0.2(n=6) 6.1 £0.1(n=6) 0.0 +0.2(n=6)
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HXM solution at 10~2 mol L~! was also assayed. IC5q and CCsq were
shown to be very close to those without filtration (Table 3) and
thus retention was shown to be incomplete for this concentration.

Consequently, the “in-house” Sephadex™ columns clearly
demonstrated that they efficiently eliminate cytotoxicity of solu-
tions at concentrations <10~3 mol L1,

3.1.4. CHX and HXM retention rates (UV-visible
spectrophotometry) after filtration on the “in-house” Sephadex™
columns

As for dye molecules (TB and NR), specific spectrophotometric
parameters and retention rates of CHX and HXM were determined
using UV-visible spectrophotometry (Section 2.7). Testing differ-
ent dilutions of CHX, i.e. from 101 molL-! to 10~4mol L1, the
specific spectrophotometric parameters of CHX were established
(Table 1). Two maximum absorption wavelengths (Amax) at 232 nm
and 255 nm were observed, with molecular absorption coefficients
of 2.6 x 10 Lcm =" mol~! and 2.5 x 104 Lcm~! mol~!, respectively.
These coefficients were obtained by means of a regression analy-
sis realized with Statview® V.5.0 (n = 15 measurements, p < 0.0001).
The relation A= f{c) was linear between [10-6 t0 2.5 x 10~4] mol L~
for Amax=232nm (correlation coefficient=0.998) and between
[1076 to 10~4]molL-! for Amax=255nm (correlation coeffi-
cient=0.996). The detection limit was 10~ mol L~ for both of the
2 Amax. These results were consistent with data from the litera-
ture (Bonazzi et al., 1995; European Pharmacopeia, 2007a; Ha and
Cheung, 1996; Havlikova et al., 2007; Hebert et al., 2003), where
UV detection, especially after high performance liquid chromatog-
raphy, was done either at 235 nm or between 254 nm and 258 nm.
The retention rates of CHX solutions were then evaluated at dif-
ferent concentrations by the “in-house” Sephadex™ G-25 columns
(Table 1). Three independent experiments were realized in dupli-
cate (n=6). A retention rate >99% was observed for CHX solutions
at10~4 mol L1 and 10-3 mol L. CHX solution at 10~2 mol L~ was
not completely retained and retention rates were of (79.7 & 4.4)% at
232nm and (81.3 £1.3)% at 255 nm.

In the same way, HXM was assayed from 10-°molL-! to
103 molL-! (Table 1). The Amax was observed at 261 nm associ-
ated to a molar absorption coefficient of 2.1 x 10 Lcm~! mol-1,
with a linear relationship between [10~6 to 10~4]molL~! (n=11,
p<0.0001, correlation coefficient=0.980). The detection limit of
HXM with UV-visible spectrophotometry is 10-6 molL-!. These
data were consistent with the European Pharmacopeia, which
recommends HXM detection at 263 nm (European Pharmacopeia,
2007b). Hexamidine retention rates by the “in-house” Sephadex™
G-10 columns were evaluated. They were >99% for HXM at
10~4mol L1 and 10~3 molL-!. As for other molecules, retention
limits were reached for HXM at 10~2molL-! and retention rate
could not be determined accurately because residual concentra-
tions were above the linearity limits of detection, i.e. 10~4mol L1,
Thus, the retention rate was <90%.

3.1.5. Neutralization of potential antiviral antiseptic activity of
products tested

Verifying neutralization control was essential to assess the stop
of potential antiviral activity and the respect of the defined contact
time. Furthermore, this test ensured that there was no interference
of the filtrates with virus infectivity (Fig. 1). As recommended by the
European Standard NF EN 14476+A1, the difference between virus
control and neutralization control should not excess 0.5log1g (Sec-
tion 2.6.4). Neutralization controls were done for each independent
experiment (each product concentration and each contact time).
Neutralization assays were performed for CHX at 10~4molL!
and 10~3molL-!. The mean of log;y differences obtained (n=6
independent assays for each concentration) were 0.2+0.1 and

(A) Evaluation of CHX antiseptic activity on the
HCoV 229E
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Fig. 2. Evaluation of antiseptic antiviral activity of CHX and HXM on the HCoV 229E.
This figure shows the logjp reduction in viral titers obtained after the action of
chlorhexidine (CHX) and hexamidine (HXM) at different concentrations and at spec-
ified contact times: (A) represents the logjo reduction in Human coronavirus 229E
(HCoV 229E) titers obtained after action of CHX at 10-3 mol L-! (&%) and 10~ mol L-!
(-7) and (B) represents the log;o reduction in HCoV 229E titers obtained after action
of HXM at 10-3 mol L' (& ). The bold line in both graphs represents the threshold
of 4logyo reduction to reach to pretend to an antiviral antiseptic activity.

0.2 £0.2, respectively. The same assays were carried out with HXM
at 103 molL-1 and the mean of logy difference obtained (n=3
independent assays) was 0.2 +0.3. Thus, potential antiviral anti-
septic activity was correctly neutralized for each molecule and for
each concentration tested. Furthermore, no interference with virus
infectivity was observed.

3.2. Evaluation of the potential antiviral antiseptic activity of
CHX and HXM

Assays were performed as described in Section 2.6.3. Each assay
corresponded to the evaluation of potential ATS anti-HCoV activity
of one concentration of each molecule tested and one contact time.
Each assay was repeated 3 independent times and included nec-
essary controls, i.e. positive virus control, non-retention of HCoV,
efficiency of neutralization and elimination of cytotoxicity, to vali-
date the test (Fig. 1).

CHX was tested at 2 concentrations, 10~4molL-! and
103 molL-! and each concentration was tested during 4 differ-
ent contact times, i.e. 5min, 15 min, 30 min and 60 min (Fig. 2A).
The logyo reduction in viral titers induced by the action of CHX
at 107*molL~! was of 0.8 £0.7,0.5+0.4, 1.4+ 1.5 and 2.1 £ 1.2 for
5min, 15min, 30 min and 60 min, respectively. At the concentra-
tion of 103 mol L-!, CHX induced a reduction of 1.4+ 0.8, 2.1 + 0.4,
2.4+0.6 and 3.0+0.2 for contact times of 5min, 15 min, 30 min
and 60 min, respectively. According to the European Standard NF
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EN 14476+A1, the log reduction is lower than 4 logg, so, even if CHX
had a certain activity on the HCoV 229E, it had no ATS anti-HCoV
229E properties in these conditions.

HXM showed an even worse activity on the HCoV 229E. At
10-3 mol L1, it induced only a reduction of 0.6+ 0.5log;p and
0.9+0.81og1o for 30 min and 60 min of contact time, respectively,
so very far from the threshold recommended by the European Stan-
dard (Fig. 2B). Given these results, concentration 10~4 molL~! and
contact times of 5 min and 15 min were not tested.

4. Discussion

To fight viral infections, ATS-D seem crucial considering: (i) the
relative lack of efficient treatments and vaccines available, and (ii)
the risk of outbreak of new viral pathogens. Thus, it is essential
to evaluate their antiviral activity properly and reliably. The major
items proposed in the European Standard NF EN 14476+A1 were
followed, such as (i) contact times, (ii) the maximum of 0.5 log dif-
ferences between control viral titers (Section 2.6.4) to validate the
assays and (iii) the 4 logqo reduction to assess an antiseptic antiviral
activity of drugs tested.

However, some parameters of this standard needed to be inten-
sified, especially the neutralization method and the choice of virus
strain. Indeed, the neutralization step is fundamental: (i) to ensure
a precise contact time and (ii) to remove any potential cytotoxic-
ity before inoculation to the cells, which could involve confusion
in product activity estimation. In the European Standard NF EN
14476+A1, two global techniques are proposed: dilution in iced
medium and gel filtration techniques, but they involve different
problems such as lengthening of contact times, efficiency and also
cost. In the dilution method, the neutralization step requires 30 min,
inconsistent with recommended contact times for the different
applications mentioned in the European Standard. Also, not all con-
tact times are suited to the potential use of the product, e.g. 60 min
is the mandatory contact time for testing disinfectants for surfaces
and instruments and facultative times are 5 min, 15 min and 30 min,
but in practice, a surface would rarely be disinfected during 60 min.
Furthermore, dilution has not always been shown to be efficient.
For instance, the IC5¢ and CCsg of CHX on L-132 cells are higher
than 2 x 10~ mol L-! at 24 h, 48 h and 168 h. So even after a 1:100
dilution of a 10-3 mol L-! solution of CHX (the European Standard
recommends a 1:10 dilution or 1:100 if not efficient), the solution
remains cytotoxic.

Nonetheless, the European Standard also proposes gel filtration
techniques to neutralize product activity, using Sephadex™ LH-
20, an ultrafiltration system (Minicon® Millipore) or pre-packed
columns Microspin™ $400 HR. The major problem of these meth-
ods is the lengthening of contact time. Indeed, they need at least
2 min to achieve the neutralization step, sometimes 10 min or more,
depending on the techniques. Furthermore, separation capacities
are not well adapted to the molecular mass of most ATS-D. Another
drawback of Minicon® concentrators is that they are non-sterile
devices and do not bear sterilization, so they cannot be used to
filter viruses.

The American Standard (ASTM E 1482-04) recommends also
a gel filtration method, using Sephadex™ LH-60 or Sephacryl™
superfine S-1000, to neutralize virucidal activity (ASTM, 2004). The
virucidal efficacy criterion for the ASTM standard is a logyo reduc-
tion >3. The ASTM procedure is close to the one developed here.
However, the centrifugation time: (i) to eliminate the void and
(ii) to separate the product tested and viruses is 3 min instead of
1 min with the “in-house” Sephadex™ columns. The first gel pro-
posed, Sephadex™ LH-60, has well adapted retention capacities to
most ATS-D molecular mass (supplementary data, Fig. 1B). Unfortu-
nately, it is not sold anymore. The other gel proposed, Sephacryl™
superfine S-1000, is commercialized in a suspension form in dis-

tilled water containing 20% ethanol as conservative. The presence
of ethanol could affect the tests, emphasizing the effect of the ATS-
D tested so leading to an overestimation of the product activity.
The cost was also higher than the “in-house” Sephadex™ G-25
or G-10 columns and its retention capacity was not well adapted
(supplementary data, Fig. 1).

The choice of virus strain could also be discussed and has
recently been questioned by Iljaz and Rubino (2008). The Euro-
pean Standard NF EN 14476+A1 proposed 3 viruses: a poliovirus
(type 1, LSc-2ab), an adenovirus (type 5) and a bovine parvovirus
(Haden strain). Poliovirus was chosen for its potential high resis-
tance to chemicals but taking into account the worldwide program
of poliomyelitis eradication, the legitimacy of this choice is ques-
tionable. In the same way, the choice of B19 parvovirus and
adenovirus is arguable. Although B19 parvovirus is responsible for
serious but rare materno-foetal infections and also infections in
immunocompromised patients and/or patients with a haemolytic
anaemic disorder, it has not been shown to be a frequent nosocomial
pathogen. Its interest, however, lies in its high resistance to chem-
icals and to a wide range of pH and temperatures and its potential
blood transmission route (Morinet et al., 2003). However, the strain
used in the European Standard is a bovine parvovirus, so there
is a question of representativeness. In contrast, Human serovar
5 adenovirus is more interesting notably for its responsibility in
mild upper respiratory tract infections, ophthalmologic infections
and also gastro-enteritis, particularly in new-borns and young chil-
dren. It can cause rare but serious (mortality up to 50%) infections
in immunodepressed patients, especially in bone-marrow trans-
planted patients (Carret and Le Faou, 2001). It has also probably
been chosen for its high resistance in environmental conditions. All
these viruses are naked viruses and not always representative of
majors risks encountered in community or in hospital settings.

When establishing this protocol, the first challenge was to elab-
orate a unique protocol for both Sephadex™ gels, in order to make
assays easier to perform. The best parameters for the 2 needed
centrifugation steps were determined for conserving the steril-
ity during the entire assay. These parameters were first validated
through statistical analysis, without drugs tested, to ensure the
repeatability of columns yield and to fix the acceptability limits
of the protocol. Thus, this protocol was made to perform neutral-
ization in only 1 min, which was better than all the other methods.

Therefore, a different virus to those proposed in the European
Standard was chosen: the HCoV 229E, not only for its medical inter-
estbutalso forits presence in the annexe B of the European Standard
NF EN 14476-A1 as potential contaminant for surfaces, instruments
and hands. Furthermore, it belongs to enveloped viruses, which
are absent from the standard and which may behave differently to
naked viruses under the action of ATS-D. It was also chosen for its
relative resistance in different conditions taking into account that
enveloped viruses are most often considered fragile.

During the assays to show the non-retention of the HCoV 229E
by the “in-house” Sephadex™ columns, whether G-25 or G-10, the
importance of pH was highlighted as an important cause of variabil-
ity in results, i.e. in viral titers. These difficulties were experienced,
mainly with Sephadex™ G-10 that needed excess of solvent (i.e.
PBS) when swelling to reach neutrality, and also with sterile dis-
tilled water, owing to the sterilization process, which often involved
acidification. This could be due to a high sensitivity of the HCoV
229E to the pH. Rapid loss of infectivity and an aggregation of viri-
ons have been shown at pH 8 and 37 °C, whereas the virus was quite
stable at pH 6 and 37 °C (Sturman et al., 1990). So pH should be ver-
ified and adjusted to the neutrality to allow a standardization of the
protocol.

To test this protocol, anti-HCoV 229E activity of CHX and HXM
were evaluated because of their wide use and their molecular size,
which allowed testing both types of Sephadex™, G-25 and G-



C. Geller et al. / Journal of Virological Methods 159 (2009) 217-226 225

10. First, they were shown to be retained through the “in-house”
Sephadex™ columns and their potential cytotoxicity was removed.
Furthermore, the neutralization technique did not interfere with
virus infectivity.

At this stage, some limits of the gel filtration method in the con-
centration of the product tested appeared. Above concentrations
of 10-2 mol L1, molecules were not retained completely and there
was a phenomenon of column overloading. However, this did not
seem serious, since products are used rarely at this concentration
or above, notably because of their potential toxicity.

At this stage, the anti-coronavirus activity of CHX and HXM could
be assessed. Thus, the results demonstrated clearly that HXM had
no ATS-D activity on the HCoV 229E, but to our knowledge, lit-
tle data concerning a possible ATS-D antiviral activity of HXM is
available in the literature.

In addition the results showed that despite activity on the HCoV
229E, CHX could not pretend to have ATS-D activity on the HCoV
229E in testing conditions and according to the European Standard.
However, according to the American Standard, of which the viru-
cidal efficacy criterion is a 3log;g reduction, CHX had an ATS-D
antiviral activity at 10-3 molL-! and 60 min, but this activity is
not really representative of field use conditions. In most studies,
CHX has been shown: (i) to be inefficient against naked viruses
(Bernstein et al., 1990; Kawana et al., 1997; Narang and Codd, 1983;
Wood and Payne, 1998) and (ii) to be efficient at concentrations
>10-3molL-! on enveloped viruses but its activity depends on
viruses tested and testing conditions (Bernstein et al., 1990; Kawana
et al., 1997; Platt and Bucknall, 1985; Tyler and Ayliffe, 1987; Wood
and Payne, 1998). For instance, CHX reduced Herpes simplex virus
viral titers of >3 logg in suspension tests for under 3 min (Kawana
et al., 1997; Wood and Payne, 1998) and only of 11logjo on a dried
sample of HSV in 10 min (Tyler and Ayliffe, 1987).Itis also important
to note that most antiseptics and other chemicals are used as a mix
of different molecules and the diluent, often ethanol, has its own
virucidal activity. For instance, different formulations containing
chlorhexidine digluconate were assayed for ATS antiviral activity. It
did not respond to the American virucidal criterion when tested at
0.008% (m/v), i.e. 8.9 x 10~> mol L~1 with cetrimide at 0.08% (m/v).
However, it induced a logyy reduction >3 in HCoV viral titers when
tested at 0.05% (m/v), i.e. 5.6 x 10~4 mol L1, with cetrimide at 0.5%
(m/v) and ethanol at 70% (Sattar et al., 1989).

This data showed that testing conditions must be taken into
account to compare the antiseptic antiviral activity, i.e. suspen-
sion or carrier tests, presence or not of interfering substances and
the chosen criterion to assess a virucidal activity. The possibility of
misestimating product activity due to different testing conditions
makes it essential to determine the best parameters so as to be as
close as possible to the real conditions of application.

The validation of this protocol was the first step in the improve-
ment of antiviral ATS-D activity evaluation and there is still a long
way to go to get the perfect test. As expected, the goal of this method
is to eliminate or at least reduce to the lowest possible level, the
concentration of products tested in order to evaluate, with precise
contact time, their antiviral potentiality, without toxicity for host
cell and without modifying virus infectivity.

Even if this protocol had been validated by means of an in vitro
suspension test, it could be extrapolated to in vitro carrier tests, in
vivo or ex vivo protocols. Such protocols can use support as plastic,
steel disk (Sattar et al., 2003), fingertips (Sattar and Ansari, 2002)
or disks of human skin removed during plastic surgery (Graham et
al,, 1996). Carrier tests are recommended in different Standards to
simulate at best field situation, where viruses are dried and often
embedded in organic material limiting the access to ATS-D and thus
their potential activity. Ex vivo protocols are of importance to test
antiviral ATS activity of either pathogenic viruses or toxic com-
pounds that, for healthy and ethic reasons, could not be assayed

with in vivo protocols, using for instance, fingertips of volunteers.
Furthermore, they are also useful to evaluate pathogen survival on
human skin. Carrier tests need a dilution step to recover the dried
virus suspension from the support after action of a chemical. This
dilution step plays the role of neutralizer and ensures the contact
time. It could be achieved by addition of culture medium or any
chemical, which could neutralize specifically product activity (e.g.
use of sodium thiosulfate for neutralizing povidone-iodine). How-
ever, the diluent itself could be toxic for the cells. Thus, this method
could be applied in such a case to eliminate the chemical neutral-
izer and inoculate the viral suspension safely. This potential is also
found in the ASTM standard E 1482-04.

This study describes a global method of chemical neutralization
when ensuring the non-retention of viruses and the maintenance
of their infectivity, in 1 min. Therefore, this method could be used
to test chemicals for different applications from surfaces to water
disinfectants. It could be used in the human medical field, as well
as in veterinary or industrial (e.g. food industry) applications and
also to screen the antiseptic antiviral potency of new drugs.
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