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Murine norovirus (MNV) was used as a surrogate to study resistance of human norovirus to disinfectants
used in hospitals. MNV was sensitive to alcohol, alcohol hand rubs, bleach, and povidone iodine-based
disinfectant. Real-time reverse transcription-PCR results indicated that the presence of viral RNA did not

correlate with the presence of infectious virus.

Human noroviruses (NoVs) are causative agents of gastro-
enteritis in all age classes (14). Human NoV is responsible for
large outbreaks in community settings like nursing homes or
hospitals, in which nosocomial infections have also been re-
ported (11, 15, 29). Person-to-person, food-borne, and water-
borne transmissions of NoV have been documented (11). Pre-
vious studies showed that NoVs were resistant in the
environment (7, 20) and suggested the risk of NoV transmis-
sion via contaminated surfaces (3, 13).

The study of human NoV has been hampered by the lack of
a cell culture system, as reviewed previously (9). To study
resistance of human NoV to environmental factors or virucidal
agents, cultivatable feline calicivirus (FCV) from the genus
Vesivirus has been used as a surrogate until now (27). FCV is
sensitive to ethanol, 1-propanol, and isopropanol (12, 21).
FCV is also inactivated in the presence of sodium hypochlorite,
chlorine dioxide, iodine, or glutaraldehyde (6, 8, 10, 28, 30).
Alcohol-based hand rubs induced 1 to 2 log,, 50%-tissue-
culture-infective-dose reductions in the FCV titer in the pres-
ence of organic soil (16).

Recently the first murine NoV (MNV) was characterized
(18) and adapted to cell culture on murine macrophage-related
cells (31). The MNV capsid structure, genomic organization,
and replication cycle are very similar to those of human NoVs
(18, 26). Recently Cannon et al. showed that MNV and FCV
were resistant to organic solvents and their inactivation rates
were similar at 63 and 72°C (2). However, MNV was more
resistant than FCV to basic and acidic pHs. Long-term resis-
tance was also higher for MNV than for FCV at room tem-
perature, once resuspended in stool material. Additionally,
MNYV could be effectively inactivated by liquid- and fog-based
hypochlorous acid solutions on porous and nonporous surfaces
(24). In this study, we determined whether alcohols (etha-
nol and isopropanol), alcohol-based hand rubs (Stérillium,
Aniosgel 85NPC, and Purell), and commercial disinfectants
(Asphéne381, bleach, and Betadine), which are commonly
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used in French hospitals, could reduce the viral titer of MNV
by 4 log,, as required by European standards for virucidal
efficacy, as reviewed previously (27). Plaque assay and real-
time reverse transcription (RT)-PCR procedures were evalu-
ated for the detection and the quantification of MNV.

The RAW cells were maintained as described previously
(31). MNV was propagated RAW cells in fetal bovine serum
(FBS)-free Dulbecco’s modified Eagle medium (DMEM) and
harvested at 2 days postinfection. High-titer MNV stocks were
prepared by ultracentrifugation of precleared MNV-infected
cell lysate. For MNV titration, the cells were inoculated with
10-fold dilutions of MNV in DMEM containing 10% FBS
(DMEM-FBS). A plaque assay was then performed as de-
scribed previously (31). The alcohols and disinfectants were
prepared in a final volume of 1 ml prior to adding 111 pl of
MNV-infected cell lysate. The virucidal assays were performed
in triplicate in the absence of interfering substances for 0.5, 1,
and 3 min at room temperature. To overcome problems of
cellular toxicity and stop the effect of the compounds on the
MNYV, a 111-pl aliquot of the assay was 10-fold diluted with
DMEM-FBS at each time point (alcohol, alcohol-based hand
rubs, and Aspheéne381). For chlorine- and iodine-based disin-
fectants, the compounds were reduced by adding sodium thio-
sulfate prior to titration. For the neutralization control, the
compounds were first diluted with DMEM-FBS or reduced
with sodium thiosulfate before addition of the virus. Finally, we
set up a real-time RT-PCR to determine whether the MNV
RNA genome is resistant to the disinfectants that produced a
4-log,, drop in the viral titer. The virucidal assays and the
neutralization procedures have been described above, except
for the alcoholic hand rubs, where DMEM without FBS was
used for the dilution. The primers and probe are given in Table
1. The RT-PCR assays were performed with an ABI Prism
7000 sequence detection system (Applied Biosystems) accord-
ing to the manufacturer’s instructions. The copy number of the
MNYV genomic RNA was determined from a standard curve
generated with serial dilutions of the full-length cDNA of the
MNV strain CW1 (26).

Ethanol (Prolabo, Fontenay sous Bois, France) and isopro-
panol (Sigma-Aldrich, France) were diluted with sterile water
to reach a final concentration of 60%, 30%, or 10% in the
presence of the virus. Of note, the 60%-isopropanol prepara-
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TABLE 1. Primers and probe for real-time RT-PCR
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TABLE 2. Virucidal activities of ethanol and isopropanol for MNV

Oligonucleotide Sequence” Polarity Location”

MNV1-RT 5'-CCATATCCAACTCGA - 4590-4611
GGTTGGT-3'

MNVI1-FW 5'-CCTGACATTGTGATG + 4530-4552
CAAGAATC-3'

MNVl—probeb 5'-CGTCATCACCATAGA - 4562-4578

AG-3'

“ Oligonucleotide sequences and locations were based on the nucleotidic se-
quence of the MNV CW1 strain (GenBank accession number AY228235).

® The probe was linked to the fluorophor label 6-carboxyfluorescein and the
quencher dye MGBNFQ at the 5’ and 3’ ends, respectively.

tions were still cytotoxic at the dilution 100 and required the
use of a high-titer stock of MNV to document a 4-log,, drop in
the viral titer. Sixty percent ethanol and isopropanol showed 4-
and 3.5-log,, reductions in the viral titer, respectively, within a
0.5-min exposure (Table 2). The efficacies of the two alcohols
rapidly dropped at lower concentrations. Both alcohols are
commonly used in nucleic acid purification procedures, and
degradation of the nucleic acids was not expected. Indeed, the
copy number of viral RNA was reduced only by around 1 log;,
(Table 2) in the presence of alcohols. Aggregation of the viri-
ons might explain this reduction. The loss of infectivity coupled
with the continued presence of genomic RNA suggests that
protein alteration was the mechanism by which the MNV was
inactivated.

Commercial preparations of hypochlorite-based bleach
(Avix; Coldis, Morieres-les-Avignon, France) and povidone
iodine (“Betadine dermique”; Viatris, Merignac, France) were
10-fold diluted to obtain 0.26% active chlorine (36.4 mM so-
dium hypochlorite) and 1% (wt/vol) povidone iodine, respec-
tively. The sodium hypochlorite and the povidone iodine were
reduced by adding 100 wl and 20 pl of 1 M sodium thiosulfate
(Sigma-Aldrich, France), respectively. The bleach preparation
was then buffered with 100 wl of 1 M HEPES (pH 7.4) (In-
vitrogen, France) prior to titration. The tested concentrations
of povidone iodine and sodium hypochlorite produced at least
a 4-log,, drop of the MNV infectious titer within a 0.5-min
exposure (Table 3). These data suggest that diluted chlorine-
and iodine-based disinfectants effectively abolished MNV in-
fectivity. However, the viral RNA was still detectable after the
povidone iodine treatment, whereas it was not detected after
chlorine treatment (Table 3).

Aspheéne381 (Laboratoires Anios, Lille-Hellemmes, France)
is a surface disinfectant which is commonly used for cleaning
contaminated surfaces. The disinfectant was tested at a con-
centration of 0.25% as recommended by the manufacturer.
One volume of the compound was diluted in water at 0.5%
(vol:vol) and mixed with an equal volume of MNV-infected
cell lysate. At each time point, one aliquot was immediately
diluted and titrated as described for the assay using alcohols.
The infectious titer of the MNV was reduced by 1 log,, after a
3-min exposure. The compound was then tested for 15, 30, and
60 min, and a similar reduction of the viral titer was observed
after a 1-h exposure (Table 3).

The alcohol-based hand rubs Sterillium gel (Bode Chemie,
Hamburg, Germany), Purell hygienic hand rub (Gojo, Rueil-
Malmaison, France), and Aniosgel 85 NPC (Laboratoires

Reduction in titer? Reduction in titer

Conen ?,f Tirpe log,, PFU/ml = SD log,, copy no./ml =
alcohol (%) (min) [ %3% reduction)] [S]%“()% nguction)]
Ethanol

60 0.5 >4(99.99) 1.22 £ 0.23 (93.97)

1.0 >4(99.99) ND?

3.0 >4(99.99) ND

30 0.5 0.11 = 0.06 (22.38) ND

1.0 0.16 = 0.20 (30.82) ND

3.0 0.29 = 0.11 (48.71) ND

10 0.5 None ND

1.0 None ND

3.0 None ND

Isopropanol

60 0.5 3.86 (99.98) 1.08 = 0.57 (91.68)

1.0 >4 (99.99) ND

3.0 >4 (99.99) ND

30 0.5 0.63 = 0.18 (76.56) ND

1.0 0.78 = 0.08 (83.40) ND

3.0 1.62 = 0.39 (97.60) ND

10 0.5 None ND

1.0 0.08 = 0.05 (16.82) ND

3.0 0.06 = 0.02 (12.90) ND

¢ High-titer stock of MNV was used for the control and the infectivity assays
(bold case).
? ND, not determined.

Anios, Lille-Hellemes, France) were tested pure. The addition
of 1 volume of viral suspension in DMEM to 10 volumes of
hydroalcoholic solution liquefied the gel, with the presence of
a white precipitate. The three alcohol-based hand rubs were
toxic for the cells at dilutions up to 100 (data not shown), and
it was necessary to use a high-titer MNV to test Sterillium and
Aniosgel 8SNPC for the infectivity assay, as described above
for isopropanol. Sterillium and Aniosgel 8SNPC were able to
produce at least a 4-log,, drop in the MNV titer after only a
0.5-min exposure (Table 4). The Purell hand rub was some-
what less effective, and a 60-min exposure was necessary to
reduce the MNV viral titer by 4 log,,. The detection of
genomic RNA by real-time RT-PCR required the use of high-
titer MNV stock and showed that the Sterillium and Purell
hand rubs have minor effects on the viral RNA (Table 4). The
data from the infectivity assays and the real-time RT-PCR
suggested that alteration of the capsid was the mechanism by
which the MNV became inactivated and that MNV genomic
RNA or part of it was still present after the assay. We couldn’t
evaluate the effects of Aniosgel 8SNPC because of the pres-
ence of strong PCR inhibitors (data not shown).

FCV has often been used as a surrogate to study human
NoVs. However, vesiviruses are structurally different from
NoV (4). Additionally, FCV and NoVs show respiratory and
enteric tropisms, respectively, and these characteristics might
explain the relative acid lability of FCV compared to human or
murine NoVs (2, 5). For this study, MNV was used as a sur-
rogate of human NoVs since both belong to the same genus
and very likely share similar physical and chemical properties.

Person-to-person contact and contaminated surfaces are the
cause of large NoV outbreaks of gastroenteritis. These obser-
vations underlined the need for good hygiene standards to
prevent nosocomial outbreaks in clinical institutions (e.g., hos-
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TABLE 3. Virucidal activities of diluted preparations of bleach, Betadine, and Asphéne381 on MNV

Reduction in titer Reduction in titer

Type of Active molecule” Time (min) [lo
L . 2,0 PFU/ml = SD [log,, copy no./ml *
disinfectant (}% reduction)] SD“()% reduction)]
Bleach® Chlorine (0.26) 0.5 >4(99.99) >4(99.99)
1 >4(99.99) ND
3 >4(99.99) ND
Betadine® Povidone iodine (1) 0.5 >4(99.99) 0.41 = 0.51 (61.10)
1 >4(99.99) ND
3 >4(99.99) ND
Asphene 381 Quaternary ammonia, alkylamin, 0.5 0.75 £ 0.09 (82.22) ND
non-ionic detergent 1 1.01 = 0.01 (90.23) ND
3 0.96 = 0.15 (89.04) ND
15 0.59 = 0.09 (74.30) ND
30 0.35 = 0.14 (55.33) ND
60 0.55 £ 0.13 (71.82) ND

“ Concentrations of active molecule in percentages are indicated in parentheses.

® Bleach and Betadine products were reduced by sodium thiosulfate.

pitals and nursing homes). In this study, we evaluated surface
disinfectants (bleach and Asphene381) and hand cleaning
products (alcohol-based hand rubs and Betadine), which are
routinely used at the hospital. It is noteworthy that the disin-
fectants we tested were primarily selected by the hospital be-
cause they were well tolerated by the users (e.g., health care
professionals and patients) (19) and because of their efficacy
against microbial pathogens and enveloped viruses.

For example, alcohol-based hand rubs are widely used in
hospitals. They are recommended by the French public health
system for health care workers (25). Previous studies showed
that hygienic hand rubs were very effective against enveloped
viruses (17). In our study, we showed that two alcohol-based
hand rubs could reduce the MNV titer by 4 log,,. The efficacy
of the third hand rub was somewhat lower. Additionally, a
study conducted with volunteers showed that ethanol-based
hand rubs with a higher alcohol concentration were the most
effective against FCV (16). Certain compounds present in the
gel could protect the virus from the alcohol, which may explain

TABLE 4. Virucidal activities of alcohol-based hand rubs for MNV

Reduction in titer? Reduction in titer”

Type of Time lo
L . 210 PFU/ml = SD [log,o copy no./ml +
disinfectant (min) (}7% reduction)] SD“E% reduction)]
Sterillium gel 0.5 >4(99.99) 0.30 = 0.18 (49.88)
1 >4 (99.99) ND
3 >4(99.99) ND
Aniosgel 85NPC 0.5 >4 (99.99) ND
1 >4 (99.99) ND
3 >4(99.99) ND
Purell 0.5 1.85 = 0.05 (98.59) ND
1 2.07 = 0.11 (99.15) ND
3 2.89 = 0.13 (99.87) ND
15 2.26 = 0.09 (99.45) ND
30 2.87 = 0.12 (99.87) ND
60 >4(99.99) 0.63 = 0.19 (76.56)

¢ High-titer stock of MNV was used for the control and infectivity assays
(boldface type).
® High-titer stock of MNV was used for real time RT-PCR.

why a higher concentration of alcohol is required for an opti-
mal virucidal activity as suggested previously (16). Chlorine-
based disinfectants are among the most effective virucidal dis-
infectants. Previous studies showed that 1,000 to 3,000 ppm of
chlorine was necessary to inactivate FCV (6, 8). Our data
showed that MNV is also sensitive to 0.26% of active chlorine
(2,600 ppm [wt/vol]). In our study, it was very likely that the
MNYV capsid was denatured by the chlorine, as shown previ-
ously for FCV (22). However, further studies will be required
to determine whether the MNV capsid could withstand lower
concentrations of chlorine and protect the genomic RNA. The
incubation of the treated virions with proteinase K prior to
RT-PCR, as described previously for FCV (23), or the trans-
fection of viral RNA from treated virus (1) should help to
determine whether viral RNA is still present in the sample.

Finally, we performed real-time RT-PCR to assess whether
the presence of viral RNA could be related to the presence of
infectious particles after exposure to disinfectants. For noncul-
tivatable human NoV, the presence of viral RNA determined
by real-time RT-PCR is usually associated with a risk of infec-
tion. However, our data showed the MNYV viral titer could be
effectively reduced by the disinfectants and that the viral ge-
nome or a fragment of it was still detectable by RT-PCR (e.g.,
alcohols, povidone iodine preparations, and gel hand rubs),
and thus, the detection of viral RNA could not be related to
the presence of infectious virus during the virucidal assay. Of
note, a similar conclusion was reached for MNV after exposure
to heat (1). Our data suggest that MNV will be a useful tool to
predict physical and chemical properties of human NoVs. Cul-
tivatable MNV should help in assessing the risk of infection
with human NoVs, which are present in food and in clinical
and environmental samples.
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