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Effect of Hypochlorite-Based Disinfectants on
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Abstract: We evaluated the in vitro efficacy of weak acid hypochlorous solution (WAHS) against
murine norovirus (MNV) by plaque assay and compared the efficacy with diluted NaOCI (Purelox)
and 70% ethanol. WAHS was as effective as 70% ethanol and diluted Purelox for 0.5-min reactions.
For 0.5-min reactions in the presence of mouse feces emulsion, the efficacy of WHAS and 1:600
diluted Purelox was decreased, reducing the virus titers by 2.3 and 2.6 log,, respectively, while 70%
ethanol reduced the titer by more than 5 log,o. However, WAHS showed more than 5 log, reductions
for the 5-min reaction even in the presence of feces emulsion. Since WAHS showed enough efficacy
in inactivating MNV in vitro, we tried to eliminate MNV from MNV-infected mice by substituting WAHS
for their drinking water. However, MNV was found to be positive in feces of mice drinking WAHS by
an RT-nested PCR and plaque assay. To investigate whether hypochlorite-based disinfectants could
prevent infection of a mouse with MNV, WAHS or 1:6,000 diluted Purelox was substituted for the
drinking water of mice for 2 or 4 weeks, and then the mice were placed in a cage with an MNV-infected
mouse. The supply of disinfectants was continued after cohabitation, but MNV was detected in the
feces of all the mice at 1 week after cohabitation. In this study, we tried to eliminate and prevent MNV
infection from mice by supplying hypochlorite-based disinfectants as an easy and low-cost method.
Unfortunately, drinking disinfectants was ineffective, so it is important to keep the facility environment
clean by use of effective disinfectants. Also, animals introduced into facilities should be tested as
MNYV free by quarantine and periodically confirmed as MNV free by microbiological monitoring.
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Introduction

Noroviruses are nonenveloped, positive-sense RNA
viruses that belong to the genus Norovirus in the family
Caliciviridae [26]. Human noroviruses cause acute non-
bacterial gastroenteritis worldwide and are transmitted
through the fecal-oral route, usually by eating food or
drinking liquids contaminated with noroviruses [22].
Noroviruses are divided into five major genogroups, that
is, GI, which infects humans; GII, which infects humans
and swine; GIII, which infects bovine; GIV, which in-
fects humans and canines; and GV, which infects mice
[22]. Murine norovirus (MNV) was first discovered in
2003 in laboratory mice that were deficient in signal
transducer and activator of transcription 1 and recombi-
nation-activating gene 2 [13]. Surveillance of microbio-
logical contamination of MNV shows that MNV is the
most prevalent viral pathogen in laboratory animal fa-
cilities in the USA , Canada, and Australia [10, 18]. Also,
in Japan, it was reported that MNV is one of the most
prevalent pathogens in conventional mouse colonies [8,
15]. The effect of MNV infection on research using mice
has not been revealed completely. Some reports showed
MNV did not affect the results of research [8, 11, 13, 15,
19]. On the other hand, there are reports on clinical signs
such as weight loss, gastric bloating, and diarrhea in
STAT 1-deficient mice infected with MNV, and a modest
inflammatory response and increase in necrotic cells in
the small intestine of MNV-infected immunocompetent
mice [12]. In research that strictly requires a normal
immune system, it is better to prevent contamination of
animal facilities with MNV and to eliminate MNV from
mice contaminated with MNV.

While human norovirus is unable to grow in vitro [6,
16], MNV can replicate in both cultured cells and mice
[5, 24]. Therefore, MNV has been used to study proteo-
lytic processing, environmental stability and inactivation
[1-3, 23, 25]. Belliot ef al. [2] previously examined the
efficacy of some disinfectants, and showed that ethanol,
povidone-iodine, and sodium hypochlorite were effective
against MNV. In animal facilities, these disinfectants
have been used to keep the environment of facilities
clean. Recently, because of the high antiseptic efficacy,
low cost, and safety for humans, weak acid hypochlorous
solution (WAHS) is beginning to be used in animal fa-
cilities, hospitals, and food industries. WAHS is com-
posed of sodium hypochlorite blended with hydrochloric
acid in tap water, with the pH value adjusted to 6.0-6.4

and the residual chlorine concentration adjusted to about
60 ppm. The main effective form of chlorine in WAHS
is hypochlorous acid (HOCI). The efficacy of WAHS
against various microorganisms has been reported [21].
In this study, we first evaluated the virucidal effect of
WAHS against MNV in vitro. The efficacies of several
dilutions of sodium hypochlorite (NaOCI) and 70%
ethanol in inactivating MNV were also tested for com-
parison with WAHS. Though the main effective form of
chlorine in NaOCl is also HOCI, NaOCl corrodes metal
due to its strong alkalinity and has disadvantages such
as its irritant properties and strong odor [7]. Compared
with NaOCl, WAHS is a suitable substitute for drinking
water of animals. We attempted to eliminate MNV from
mice experimentally infected with MNV and to prevent
mice from becoming infected with MNV by substituting
WAHS for their drinking water and compared the results
with those obtained with NaOCl.

Materials and Methods

Mice

Female, specific-pathogen-free (SPF) Slc:ICR mice
(6 weeks of age) were obtained from Japan SLC, Inc.
(Hamamatsu, Japan) and used for experimental infection
with MNV. The breeder’s health monitoring report indi-
cated that these mice were free of the following intesti-
nal microorganisms: Pseudomonas aeruginosa, Citro-
bacter rodentium, Salmonella spp., Corynebacterium
kutscheri, Clostridium piliforme, pinworm, intestinal
protozoa, Helicobacter hepaticus, H. bilis, and MNV.
They were also negative for mouse hepatitis virus, Sen-
dai virus, ectromelia virus, lymphocytic choriomeningi-
tis virus, pneumonia virus of mice, mouse adenovirus,
Mycoplasma pulmonis, Pasteurella pneumotropica,
Cilia-associated respiratory bacillus, ectoparasites, and
Dermatophytes. All the animals were nursed under bar-
rier conditions and provided with commercial labora-
tory mouse chow and water ad libitum unless otherwise
indicated. Animal experiments were peer-reviewed by
the Animal Care and Use Committee of the NIID and
approved by the director of the NIID in accordance with
the guides for animal experiments performed at the NIID.

Cells and viruses

RAW264.7 cells were purchased from ATCC (Manas-
sas, VA, USA) and maintained in high-glucose Dul-
becco’s modified essential medium (DMEM) (Sigma-
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Aldrich Co., St. Louis, MO, USA) supplemented with
10% fetal bovine serum (FBS) and 0.1 mg/ml kanamycin
(DMEM-FBS). The S7 strain of MNV (MNV-S7), which
was isolated from a conventional mouse in Japan, was
used in this study. A monolayer of RAW264.7 cells
grown in a tissue culture flask was infected with MNV-
S7 at a multiplicity of infection (MOI) of 0.1 and incu-
bated in DMEM-FBS for 3 h at 37°C in a 5% CO, at-
mosphere. After the cultured medium was removed, the
cells were incubated in new DMEM-FBS for 2 days.
Then, the cells were subjected to freezing-thawing, and
the cultured medium was centrifuged at 3,000 rpm for 5
min at 4°C. The supernatant was used as the virus stock
throughout the study.

Plaque assay

RAW264.7 cells were seeded into 12-well plates at a
density of 8.5 x 10° viable cells per well. After the cul-
ture medium was removed, 0.3 ml of 1:10 serially di-
luted (107! to 107°) samples in DMEM-FBS were added
to each well. Plates were incubated for 2 h at 37°C in a
5% CO,, and the inocula were removed. After washing
with DMEM, the cells were overlaid with 1 ml of 1.5%
Agar Noble (Becton, Dickinson and Co., Sparks, MD,
USA) in Eagle’s Minimum Essential Medium (EMEM)
(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) supple-
mented with 10% FBS, 2 mM L-glutamine, and 0.22%
NaHCO; per well. Plates were incubated for 2 days at
37°C in 5% CO,. To visualize plaques, the cells were
overlaid with 1 ml of 1.5% Agar Noble in EMEM supple-
mented with 10% FBS, 2 mM L-glutamine, and 0.01%
neutral red per well, followed by incubation for 4-5 h.

Evaluation of disinfectant efficacies against MNV in vitro

Three disinfectants were used to inactivate the MNV.
Ethanol was purchased from Wako Pure Chemical In-
dustries (Tokyo, Japan). Purelox (6% NaOCIl) was pur-
chased from Oyalox (Tokyo, Japan). Weak acid hypo-
chlorous solution (WAHS) was produced using a Steri
Revo HSP-SR-600 (HSP Corp., Okayama, Japan), which
blended sodium hypochlorite with hydrochloric acid and
adjusted the pH value to 6.0-6.4 and the residual chlorine
concentration to about 60 ppm. Ethanol was diluted in
distilled water to a final concentration of 70%, and Pure-
lox was diluted 1:200 (over 200 ppm of residual chlorine
concentration), 1:400 (150 to 200 ppm), 1:600 (100
ppm), 1:800 (70 ppm), and 1:1,000 (60 ppm) in distilled
water. WAHS was used without dilution.

To investigate the influence of organic materials, fresh
feces were collected from an ICR mouse that was main-
tained as a sentinel animal in routine microbiological
monitoring in our facility and homogenized in 9 vol.
(w/v) of PBS. After centrifugation at 3,000 rpm for 1
min, the supernatant was used as a feces emulsion.

Inactivation of MNV was performed by adding 0.9 ml
of the disinfectant to 0.05 ml of virus stock solution (8.8
x 107 PFU/mI) and 0.05 ml of PBS. In the case of pres-
ence of the feces emulsion, the virus solution was mixed
with 0.05 ml of mouse feces emulsion instead of PBS.
Immediately after the disinfectant was added to the virus
solution, the reaction mixtures were vortexed and incu-
bated for 0.5, 1, or 5 min at room temperature. As inac-
tivation control samples, virus solution was incubated
for 5 min with PBS instead of disinfectant. To stop the
reaction, 9 ml of DMEM-FBS was added to the reaction
mixture. Then, each solution was serially diluted 1:10
in DMEM-FBS, and the virus titer was measured by the
plaque assay as described above.

Attempt to eliminate MNV from infected mice by
substituting WAHS for drinking water

We used 6 ICR mice divided into 2 groups. Mice were
orally infected with 1 x 10° plaque forming units (PFU)
of MNV in PBS. At 1 week post infection, the drinking
water for 3 mice was changed to WAHS and then repeat-
edly exchanged with fresh WAHS every other day. At 1,
2, 3, and 4 weeks post infection, feces were collected
from each mouse. At 5 weeks post infection, mice were
sacrificed, and the duodenum, jejunum, cecum, rectum,
and feces were collected and kept at —80°C until use.
The presence of viable virus in each intestine and feces
was investigated by RT-nested PCR, and the virus titer
was determined by plaque assay.

Attempt to prevent MNV infection by substituting
hypochlorite-based disinfectants for drinking water

The drinking water of mice was changed to WAHS or
1:6,000 diluted Purelox and repeatedly exchanged with
fresh disinfectant every three or four days during the
experiment. After 2 or 4 weeks of supplying the disin-
fectant in place of water, 3 mice were moved into the
same cage as a mouse that had been orally infected with
1 x 106 PFU of MNV 1 week before cohabitation. At 1,
2, and 3 weeks post cohabitation, feces were collected
from each mouse. The presence of viable virus in feces
was investigated by RT-nested PCR.
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Table 1. Primers used to detect MNV by RT-nested PCR

Primer Sequence (5°to 3%) Polarity" Positions?)
1st PCR  MNoVorfl&2-F5 CGCTTYGGAACRATGGATGCTG + 5001 — 5022

MNoVorfl1&2-R2 AGCCRGTRTACATGGCTGAG - 5340 — 5359
2nd PCR MNoVorfl&2-F6 CGCAGGAACGCTCAGCAGTC + 5029 — 5048

MNoVorf1&2-R3 CRAGRTARGGGTTRAGYCCYG - 5312 —5332

D+, sense; —, anti-sense. ?Nucleotide positions correspond to those of the MNV S7 complete genome

(AB435514).

Extraction of RNA and RT-nested PCR of mouse samples

Feces were homogenized in 9 volumes of DMEM-FBS
with a zirconia bead (5 mm in diameter) at 3,000 rpm
for 0.5 min by use of a bead cell disrupter (Micro Smash
MS-100, TOMY Seiko, Tokyo, Japan). Each piece (20—
50 mg) of duodenum, jejunum (small intestine 3—5 cm
below stomach), cecum, and rectum was washed by mild
vortexing in 0.5 ml of DMEM-FBS and homogenized in
0.5 ml of new DMEM-FBS with about 50 zirconia beads
(1 mm in diameter) 5 times at 3,000 rpm for 0.5 min by
use of a Micro Smash MS-100. The supernatant obtained
by centrifugation at 3,000 xg for 5 min at 4°C was di-
luted 1:100 (feces) or 1:5 (intestines) in DMEM-FBS.
Each dilution was inoculated onto a monolayer of
RAW264.7 cells in 12-well plates at a rate of 0.3 ml per
well and incubated for 2 h at 37°C in 5% CO,. The in-
oculated dilution was removed, and the cells were
washed two times with PBS. Virus RNA from mono-
layer cells was extracted by use of a QuickGene RNA
cultured cell kit S (KURABO Industries, Osaka, Japan)
and an automated extraction system (QuickGene-810,
KURABO). cDNA was synthesized by using ReverTra
Ace —a— (TOYOBO, Osaka, Japan) and Random Prim-
er (TOYOBO) according to the manufacturer’s instruc-
tions.

The primer sequences used in PCR are shown in Table
1. The target regions to detect MNV-S7 were focused on
the ORF1/ORF2 junction region and ORF2 region. The
four primers for the two target regions were prepared,
and then the primer set for the nested PCR assay to detect
the ORF1/ORF2 junction region was selected. To help
in design of these primers, the FastPCR freeware (http://
primerdigital.com) was used, and the GenBank accession
numbers of the MNV sequences were as follows:
DQ223041, DQ223043, DQ223042, DQY911368, EU
004663, EU 004664, EU 004665, EU 004666, EU
004667, EU 004668, EU 004669, EU 004670, EU
004671, EU 004672, EU 004673, EU 004674, EU
004675, EU 004676, EU 04677, EU 004678, EU 004679,

EU 004680, EU 004681, EU 004682, EU 004683, and
AY228235. PCR reactions were performed by use of a
QIAGEN Multiplex PCR Kit (QIAGEN, Hilden, Ger-
many). In the first PCR, the cDNA transcripts (5 ul) were
mixed with 1 ul each of 10 uM MNoVorfl&2-F5 and
MNoVorfl&2-R2 primer, 10 ul of 2XQIAGEN Multiplex
PCR Master Mix, and 3 ul of Nuclease-free water. The
first PCR products (5 ul) and the primer set comprised
of MNoVorfl&2-F6 and MNoVorfl&2-R3 were used in
the second PCR. Amplification was performed according
to the manufacturer’s instructions. The second PCR
products were electrophoresed on a 2% agarose gel con-
taining ethidium bromide and visualized under UV light.

To confirm that only viable MNV RNA was recovered
by the method described above, 5 ul of MNV stock solu-
tion was inactivated by reaction with 45 ul of 1:200
diluted Purelox for 3 min and diluted 1:1,000 in DMEM-
FBS. As a positive control, MNV was reacted with PBS
for 3 min and diluted. The dilutions were inoculated onto
a monolayer of RAW264.7 cells, and RNA was extract-
ed in the same manner as above. Then, RT-nested PCR
was performed by use of the RNA.

Virus titration of mouse samples

Virus titration was performed by use of the superna-
tants of intestine and feces homogenates prepared for
RNA extraction as described above. DMEM-FBS (0.3
ml) including the supernatant corresponding to 5 mg,
0.5 mg, or 0.05 mg of intestine was added to each well.
Then, virus titer was determined according to the meth-
od mentioned in the “Plaque assay” section. For virus
titration of the supernatant of feces homogenate, 0.8 ml
of serially diluted (1072 to 107#) supernatant was added
to each well of a 6-well plate seeded with RAW264.7
cells at a density of 2.0 x 10° viable cells per well. Sub-
sequent procedures were as mentioned in the “Plaque
assay” section, except for use of 2 ml of 1.5% Agar
Noble for the 1st and 2nd overlays.
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Table 2. Virucidal activities of WAHS, Purelox, and ethanol for MNV

Residual chlorine

Disinfectant .
pH concentration

Reaction Time

Reduction in titer (log,, PFU/ml)V

Feces emulsion

(dilution ratio) (min)
(ppm) Absennce Presence

WAHS 6.0-6.4 60 0.5 >5 2.3
1 >5 2.5

>5 >5

Purelox (1:200) 10.2 >200 0.5 >5 >5
1 >5 >5

>5 ND

Purelox (1:400) 9.7 150-200 0.5 >5 >5
1 >5 >5

5 ND? ND

Purelox (1:600) 9.5 100 0.5 >5 2.6
1 >5 3.8

5 ND >5

Purelox (1:800) 9.4 70 0.5 >5 2.0
1 >5 22

ND >5

Purelox (1:1,000) 9.3 60 0.5 34 1.0
1 3.8 1.4

4.5 22

70% Ethanol 0.5 >5 >5
1 >5 ND

5 >5 ND

DMNYV titer was determined by plaque assay. ?ND, not determined.

Results

To investigate the effect of WAHS on MNV inactiva-
tion, we determined the virus titer of MNV after reaction
with WAHS by plaque assay and compared the results
with the other disinfectants commonly used. In addition,
it is well known that HOCI oxidizes organic materials
and rapidly loses its disinfection efficacy when it comes
into contact with something that oxidizes easily, such as
organic materials [7]. To investigate the influence of
organic materials on inactivation of MNV by disinfec-
tants, we also performed inactivation of MNV in the
presence of emulsion of mouse feces. Table 2 shows the
results in the absence and presence of feces emulsion.
The virus titers after reaction with PBS (control samples)
were 4.4 x 10° PFU/ml and 3.9 x 10° PFU/ml in the
absence and the presence of feces emulsion, respec-
tively. For 0.5-min reactions in the absence of feces
emulsion, WAHS reduced the virus titer by more than 5
log;,. Similar to the results of WAHS, 1:200 to 1:800
diluted Purelox showed more than 5 log,, reductions in
the virus titer, and even 1:1,000 diluted Purelox reduced
the virus titer by 3.4 log,, in the absence of feces emul-
sion in a 0.5-min reaction. In the absence of mouse feces
emulsion, 70% ethanol reduced the virus titer by more

than 5 log;, in a 0.5-min reaction. In the case of the
presence of feces emulsion, the reduction titers decreased
to 2.3 and 2.5 log;, for WAHS in 0.5- and 1-min reac-
tions, respectively. However, WAHS showed more than
a 5 log,, reduction in the virus titer in a 5-min reaction
even in the presence of feces emulsion. These results
suggested that the virucidal effect of WAHS against
MNYV was retained for several or more minutes even in
the presence of organic materials. The effect of Purelox
also dropped to a 2.6 and 1.0 log,, reduction at the 1:600
and 1:1,000 dilutions, respectively, in the presence of
feces emulsion in a 0.5-min reaction. In addition, the
effect of 1:1,000 diluted Purelox on MNV inactivation
was much lower than that of WAHS containing a re-
sidual chlorine concentration of 60 ppm, which was
equivalent to that of 1:1,000 diluted Purelox. In the pres-
ence of mouse feces emulsion, 70% ethanol reduced the
virus titer by more than 5 log;, in 0.5-min reactions.
Because WAHS had the important advantage of being
drinkable without the need for dilution and showed a
virucidal effect on MNV inactivation even in the pres-
ence of organic materials, we tried to eliminate MNV
from mice already infected with MNV by substituting
WAHS for their drinking water. Mice were orally in-
fected with MNV, and their drinking water was changed
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Table 3. Detection of MNV in feces of mice that drank WAHSY post MNV infection

Weeks post infection

Drinking water
1

3 4 5

WAHS (n=3)  RT-nested PCR 3/39

3/3 3/3 3/3 3/3

MNV titer?) (log;, PFU/g)  5.29+0.53 3.79+034 3.69+1.10 3.89+1.01 3.74+0.82

Control (n=3)? RT-nested PCR 3/3

3/3 3/3 3/3 3/3

MNV titer (log;o PFU/g) ~ 5.52+0.54 3.51+0.79 338+0.57 3.77+124 3.95+0.85

DDrinking water was changed from 1 week post infection. »The drinking water of control mice was not changed to
disinfectant. ¥MNV titer was determined by plaque assay. Each value represents the mean = SD of 3 samples. For
calculation of the mean + SD, titers of samples that did not show any plaque were estimated as the detection limit, 3.0
log;,. ¥Each value represents number of positive samples / number of samples examined.

Table 4. Detection of MNV in the intestines of mice that drank WAHSY at 5 weeks post MNV infection

Intestine
Drinking water
Duodenum  Jejunum Cecum Rectum
WAHS (n=3) RT-nested PCR 1/3 3/3 0/3
MNV titer® (log,, PFU/g) <2.3 2.92+0.56 NDY
Control (n=3)? RT-nested PCR 3/3 3/3 0/3

MNV titer (log;, PFU/g)

<23 2.59+0.76 ND

DDrinking water was changed from 1 week post infection. 2The drinking water of control mice was not
changed to disinfectant. Y MNV titer was determined by plaque assay. Each value represents the mean +
SD of 3 samples. ¥Each value represents number of positive samples / number of samples examined.

ND, not determined.

to WAHS at 1 week post infection. Table 3 shows the
results of detection of MNV from feces by RT-nested
PCR and the virus titer in feces determined by plaque
assay. Throughout this study, RT-nested PCR was per-
formed by use of RNA extracted from RAW264.7 cells
that were inoculated with the supernatant of homogenate
of samples. In addition, no MNV-specific product was
detected in RT-nested PCR using RNA extracted from
RAW264.7 cells that were inoculated with inactivated
MNYV (Fig. 1). Therefore, a positive result for an MN V-
specific product in RT-nested PCR indicates the presence
of infectious MNV in samples. In the RT-nested PCR
results, MNV was detected at 1 week post infection, and
then MNYV was successively positive in feces of all the
mice after the drinking water was changed to WAHS at
1 week post infection. The virus titers were also as high
as those of the control, whose drinking water was not
changed to WAHS, at 5 weeks post infection. On the
other hand, the results for the sites of the intestine
showed some efficacy of WAHS (Table 4). The results
of RT-nested PCR for the intestines showed a little dif-
ference between WAHS-drinking mice and control mice;
that is, MNV was not detected in the duodena of WAHS-
drinking mice, while it was detected from 2/3 of control

M 1 2

700
600

500
400

300
200

100

(bp)

Fig. 1. Agarose gel electrophoresis of RT-nested
PCR products. Lane M, DNA marker with
the sizes indicated; lane 1, MN V-specific
RT-nested PCR product (304 bp) as a
positive control; lane 2, RT-nested PCR
product using RNA extracted from
RAW264.7 cells that were inoculated
with inactivated MNV.
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Table 5. Detection of MNV in feces of disinfectant-drinking mice that co-
habited with an MN V-infected mouse by RT-nested PCR

o Weeks before Weeks post cohabitation
Drinking water habitation!)
cohabitation 1 2 3
WAHS (n=3) 2 3/3) 33 3/3
Purelox (1:6,000) (n=3) 2 3/3 3/3 3/3
Control (n=3)? 2 3/3 3/3 3/3
WAHS (n=3) 4 3/3 3/3 3/3
Purelox (1:6,000) (n=3) 4 3/3 3/3 3/3
Control (n=3) 4 3/3 3/3 3/3

DThe drinking water of mice was changed to WAHS or 1:6,000 diluted
Purelox 2 or 4 weeks before cohabitation with an MN V-infected mouse.
2The drinking water of control mice was not changed to disinfectant. »Each
value represents number of positive samples / number of samples examined.
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mice. In addition, MNV was detected in the jejunum of
only 1/3 WAHS-drinking mice, while it was detected
from all control mice. However, MNV was detected in
the ceca of all the mice. The virus titers were undetect-
able in the duodena and jejuna, and the same level was
found in the ceca of all the mice examined.

Next, we evaluated the effect of WAHS and 1:6,000
diluted Purelox on prevention of MNV infection in the
mouse. Mice drank the disinfectants for 2 or 4weeks and
then were placed in the same cage as a mouse infected
with MNV. Supply of mice with disinfectants in place
of drinking water was continued for 3 weeks after co-
habitation. However, MNV was detected from feces of
all the mice by RT-nested PCR at 1, 2, and 3 weeks after
cohabitation (Table 5).

Discussion

WAHS is composed of a blend of sodium hypochlorite
with hydrochloric acid in tap water, with the pH value
adjusted to 6.0—6.4 and the residual chlorine concentra-
tion adjusted to about 60 ppm. WAHS is reported to have
microbiological effects on various microorganisms [21].
The main effective form of chlorine in WAHS is hypo-
chlorous acid (HOCI), as is the case for NaOCI, which
is commonly used for disinfection of microorganisms in
animal facilities. Unfortunately, NaOCI has some disad-
vantages such as corrosion of metal, irritant properties,
and strong odor [7]. Considering that WAHS has little
corrosiveness, irritant properties, and odor, and does not
need to be diluted before use, it might be more suitable
than diluted Purelox at high concentrations for use in
animal racks and animal rooms. Animal facilities also
use 70% ethanol as a disinfectant. Ethanol is a good

disinfectant but has the disadvantages of flammability
and high cost.

We evaluated the virucidal effect of WAHS on MNV
inactivation in vitro and compared the results with Na-
OCl and 70% ethanol. Because NaOCI (Purelox) is usu-
ally used after dilution, the virucidal effect of several
dilutions of Purelox against MNV was evaluated. We
also determined the influence of organic materials such
as feces on the effect of disinfectants. In the absence of
feces emulsion, WAHS showed as high efficacy as 70%
ethanol and diluted Purelox at high concentration. How-
ever, the effect of WAHS dropped to 2.3 and 2.5 log;,
in the 0.5- and 1-min reactions, respectively, in the pres-
ence of feces emulsion. The cause of efficacy reduction
is considered to be that HOCI oxidizes organic materials
in feces emulsion and rapidly loses its disinfection ef-
ficacy. Though 1:1,000 diluted Purelox could not com-
pletely inactivate MNV, other dilutions of Purelox with
chlorine concentrations higher than 60 ppm showed more
than 5 log,, reductions in the virus titer in the 0.5-min
reaction in the absence of feces emulsion. However, in
the presence of feces emulsion, the virucidal effect of
Purelox diluted more than 1:600 was markedly down.
The cause of the efficacy reduction of Purelox in the
presence of feces emulsion is considered to be same as
that of WAHS, because the main effective form of chlo-
rine is HOCI in both WAHS and Purelox. On the other
hand, WAHS showed more than 5 log;, reductions in the
virus titer in the 5-min reaction even in the presence of
feces emulsion, suggesting that the virucidal effect of
WAHS on MNV was retained for several minutes or
more even in the presence of organic materials. From
these results, both hypochlorite-based disinfectants are
thought to have definite efficacy with regard to inactiva-
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tion of MNV in the presence of organic materials. As
expected, both in the presence and absence of mouse
feces emulsion, 70% ethanol showed more than 5 logy,
reductions in the virus titer in the 0.5-min reaction as
previously described [2]. These results indicated that the
usual use of 70% ethanol is effective enough to inactivate
MNYV in animal facilities.

It was reported that chlorination (10—13 ppm) of drink-
ing water greatly reduced the colonization of P. aerugi-
nosa in the intestine of mice [20]. Another researcher
showed that chlorinated drinking water, containing 6—8
ppm of available chlorine, cleared mice of infection with
P aeruginosa [9]. Another important advantage of
WAHS is that it can be drank without dilution. Therefore,
we tried to eliminate MNV from mice infected with
MNV by substituting WAHS for their drinking water.
MNYV was not detected in the duodenum of WAHS-
drinking mice 4 weeks after the mice started to drink
WAHS. The detection rate of MNV in the jejunum of
WAHS-drinking mice also became lower than that of
control mice. However, MNV was detected in the cecum
and successively excreted in feces of all the mice exam-
ined. These results suggested that the effect of WAHS
on MNV was limited to the small intestine. MNV was
reported to be excreted in the feces of mice on day 1 post
oral inoculation [8], suggesting the rapid propagation of
MNYV in the mouse cecum. Therefore, even if WAHS
reaches the cecum of the mouse and partly inactivates
MNYV, the rest of the MNV may rapidly propagate and
be excreted in feces.

It is well known that HOCI, the main effective form
of chlorine in WAHS, oxidizes organic materials and
rapidly loses its disinfection efficacy. So, the HOCI in
WAHS is possibly decreased by contact with organic
materials in the stomach and intestine, and a sufficient
volume of HOCI to inactivate MNV might be unable to
come into contact with MNV in the mouse intestine.

Finally, we investigated whether hypochlorite-based
disinfectants could prevent mice from getting infected
with MNV. Mice drank WAHS or 1:6,000 diluted Pure-
lox for 2 or 4 weeks and then were placed in a cage with
a mouse infected with MNV. RT-nested PCR showed
that MNV was excreted in feces of disinfectant-drinking
mice as early as 1 week after cohabitation. These results
showed that MNV infection was not prevented by drink-
ing of hypochlorite-based disinfectants and suggested
that the virucidal effects of these disinfectants were not
retained for a long time in the mouse intestine.

Previously, it was reported that sentinel mice excreted
MNYV in feces after 2 days of cohabitation with a mouse
infected with MNV [8], indicating that MNV rapidly
spread to a mouse and propagated in its cecum. In addi-
tion, MNV survives in mouse feces stored at room tem-
perature for 2 weeks [17] and is supposed to require only
a small number of viral particles (less than 100 particles)
to initiate infection like human norovirus [22]. The
propagation velocity, environmental stability, and infec-
tivity of MNV might cause the difficulty in preventing
MNYV infection by an intermittent inactivation effect.

Fostering was reported to be effective in preventing
neonatal mice from becoming infected with MNV [4].
From the result that MNV was not detected in the ovaries
and uteri of MNV-infected mice, embryo transfer and
caesarean section are also suggested to be efficient means
of eliminating MNV [8]. However, a method of eliminat-
ing MNV has not been established, and it is not easy to
eradicate MNV from contaminated facilities by the test-
and-removal method [14]. In this study, we tried to
eliminate and prevent MNV infection in mice by sup-
plying WAHS or diluted Purelox as drinking water as
easy and low-cost methods. Unfortunately, drinking
disinfectants was not effective, so it is important to keep
the facility environment clean by use of effective disin-
fectants. Also, animals introduced into facilities should
be tested as MNV free by quarantine and periodically
confirmed as MNV free by microbiological monitoring
using ELISA, IFA [15], and RT-PCR methods [10].
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