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A B S T R A C T

An alkaline agent, namely, food additive grade calcium hydroxide (FdCa(OH)2) in the solution, powder and
suspension forms was evaluated as a virucidal agent, using a murine norovirus (MNV) as the surrogate for human
norovirus. The main constituent of FdCa(OH)2 is Ca(OH)2, which has pH 13 in 0.17% solution. The results
showed that 0.17% FdCa(OH)2 solution could inactivate MNV within 30 s even in the presence of organic
materials (5% fetal bovine serum (FBS)). In a contaminated surface experiment, MNV with 5% FBS was in-
oculated on rayon sheets, and the result showed FdCa(OH)2 solution could markedly reduce virus titer within
1 min. When mouse feces were spiked with MNV and FdCa(OH)2 powder as 10% and 20% w/w was added to the
feces, these concentrations could inactivate the virus within 30 min and 15 min, respectively. Whereas, FdCa
(OH)2 suspension at 2.5% and 5% could inactivate the virus within 30 min and at 1% within 45 min. These and
additional results obtained here indicate that FdCa(OH)2 is an effective virucidal agent against MNV, and can
serve as a useful alternative disinfectant for inactivation and prevention of human norovirus in house and
hospital.

1. Introduction

Noroviruses (NoVs) are single-stranded, non-enveloped viruses that
belong to the genus Norovirus, family Caliciviridae. NoVs constitute the
most common microorganisms that cause non-bacterial gastroenteritis
in all ages of humans (CDC, 2011; Chiu et al., 2015). These viruses can
transmit via a fecal-oral route, direct person-to-person contact and food
or water contaminated with stool (Duizer et al., 2004; Green et al.,
1998). Because NoVs can persist in the environment and tolerate very
high and low temperatures (CDC, 2011; Cheesbrough et al., 1997; Seo
et al., 2012) for 2 months on environmental surfaces (Barclay et al.,
2014), dissemination via environmental surfaces that have been con-
taminated with feces or vomitus, can happen by hand-made transfer-
ring to oral mucosa (Fankhauser et al., 2002). Therefore, control and
prevention of human NoVs by means of disinfectants are deemed to be

evaluated carefully. In the USA, the Centers for Disease Control and
Prevention (CDC) advise to use a sodium hypochlorite (chlorine bleach:
NaOCl) with a concentration of 1000–5000 ppm, or other disinfectants
registered as effective against NoVs by the Environmental Protection
Agency (EPA). In Europe and Japan, European Centre for Disease Pre-
vention and Control (ECDC) and Ministry of Health, Labor and Welfare
(MHLW), respectively, follow the recommendation of CDC. For ECDC,
the disinfectant must be freshly prepared before used, while CDC ad-
vised that this disinfectant at double concentration (2000–10,000 ppm)
may be prepared and be stored for up to 30 days (CDC, 2016; ECDC,
2013).

NaOCl has been used to control and prevent the transmission of
infectious agents, although the presence of organic materials in the
environments reduces its antimicrobial efficacy (Hakim et al., 2015a,b).
Food additive grade calcium hydroxide (FdCa(OH)2) powder,
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originated from limestone by calcination process, at pH 13, was re-
vealed to inactivate bacteria even in the presence of organic materials
by (Hakim et al., 2017; Toyofuku et al., 2017).

Normally, human NoVs cannot be cultured in the laboratory be-
cause of the lack of cell culture systems, so murine norovirus (MNV) has
been used as a surrogate virus of human NoVs for studying of disin-
fectants (Belliot et al., 2008; Cannon et al., 2006; Cromeans et al., 2014;
Duizer et al., 2004) In addition, MNV can survive in a variety of pH
from 2 to 10 and at atmosphere temperature (Chiu et al., 2015;
Cromeans et al., 2014). So MNV would be the best candidate for
evaluating the virucidal capacity of alkaline solution as Ca(OH)2. Re-
cently, many reports on the disinfection of human NoVs and their
surrogates have been published, but more researches on the disinfec-
tions are still required (Chiu et al., 2015; Ha et al., 2016).

The objectives of the present study, were (i) to determine the effi-
cacy of FdCa(OH)2 solution, powder and suspension forms against MNV
as surrogate virus and (ii) to apply the FdCa(OH)2 for supporting proper
sanitation in houses and hospitals. It was recently demonstrated that
when alkaline agents were used in the powder form, it took longer time
for killing pathogens in the powder form than in the liquid form (Hakim
et al., 2017). For the application of Ca(OH)2 in the field, the suspension
form with the excess amount of powder (rather than the solution) seems
to be better. We define “0.17% Ca(OH)2 solution” as saturated solution,
“powder” as is, and “suspension” as liquid that contains undissolved Ca
(OH)2.

2. Materials and methods

2.1. Cells and virus

The murine macrophage-like cell line RAW264.7 cells and MNV
strain R1 were used. The strain R1 was isolated from conventional
mouse feces by us in 2009 and identified by sequencing (accession
number LC318451). RAW264.7 cells were grown and maintained in
Dulbecco’s modified eagle’s medium–high glucose (DMEM, SIGMA, St
Louis, UK) with 10% fetal bovine serum (FBS, SIGMA, St Louis, UK),
50 μg/ml gentamycin, 0.3% Tryptose Phosphate Broth (TPB, Bacton,
Dickinson and Company, Sparks, France), 1% GlutaMAX (Gibco, New
York, USA) and 1% MEM non-essential amino acids (MEM NEAA,
Gibco).

MNV strain R1 was inoculated to RAW264.7 cells. After one hour of
adsorption, the cells were washed with the medium shown above, but
without FBS, and cultured in the medium without FBS. The virus was
harvested when cytopathic effect (CPE) was observed. After three
freeze/thaw cycles, centrifugation at 1750 × g for 20 min at 4 °C, the
resulted supernatants were collected, aliquoted and stored at −80 °C as
a virus stock until used (Wobus et al., 2004). The titer of the stock virus
was around 6.58–7.50 log10 TCID50/ml.

2.2. Virucidal agent

FdCa(OH)2 powder produced by Fine Co., Ltd. (Tokyo, Japan) was
used as a solution form, a powder form and suspension form for their
virucidal evaluation. The saturated solution (Bassett, 1954) of 0.17%
FdCa(OH)2 was prepared in redistilled water (dW2) and then cen-
trifuged at 1750 × g for 10 min, and the supernatant was used as 0.17%
FdCa(OH)2 solution. The suspension of FdCa(OH)2, namely, liquid that
contains undissolved Ca(OH)2, was prepared in dW2 and mixed well by
vortex before used.

2.3. Virucidal evaluation in a solution form

Four hundred microliters of 0.17% FdCa(OH)2 solution was mixed
with 100 μl of MNV in a 1.5 ml microtube, then incubated at room
temperature for 0, 5 and 30 s, respectively. After incubation time,
500 μl of 1 M HEPES (N-2-hydroxyethylpi-perazine-N9-2-

ethanesulfonic acid, adjusted at pH 7.2) was added for pH neutraliza-
tion (Williamson and Cox, 1968). To confirm whether 500 μl of 1 M
HEPES can completely stop FdCa(OH)2 activity, a reaction mixture
FdCa(OH)2 solution and 1 M HEPES was prepared, and then 100 μl of
MNV was inoculated onto the mixture. Given that there was no contact
between MNV and FdCa(OH)2 solution, this exposure time was marked
as the zero-second contact time. In the presence of organic materials,
the 95 μl of MNV was mixed with 5 μl of fetal bovine serum (FBS) be-
fore mixing with 400 μl of 0.17% FdCa(OH)2 solution (final 0.1% FBS in
a reaction). The treated samples were titrated on RAW264.7 cells which
were prepared in 96-well plates.

2.4. Virucidal evaluation on contaminated surface

Piece of rayon sheets (double-fold, size 2 × 2 cm2) were autoclaved
at 121 °C for 15 min. To examine virucidal activity on cloth, 950 μl of
MNV was added with 50 μl of FBS to mimic NoVs in diarrhea on a
carpet, namely MNV containing 5% organic materials, and then 100 μl
of the mixed virus was inoculated on the rayon sheets and let dry for
40 min in a biosafety laboratory cabinet at room temperature. After
drying, sheets were moved to microtubes containing 400 μl of 0.17%
FdCa(OH)2 solution or phosphate buffered saline (PBS: 0.14 M NaCl,
2 mM KCl, 3 mM Na2HPO4 and 1.5 m KH2PO4, pH 7.4) for negative
control, and incubated for 0 s, 30 s, 1, 3 and 5 min, respectively. After
incubation times, the treatment of samples was stopped by 1 M HEPES.
All of the treated samples were assayed for MNV on RAW264.7 cells.

2.5. Ex vivo experiment

2.5.1. Virucidal evaluation of powder form in MNV-spiked feces
The experiment designs were modified from a previous paper

(Hakim et al., 2017) for application of the litter disinfection of la-
boratory animals. Hundred microliters of MNV at the titer around
7.50 log10 TCID50/ml was spiked into autoclaved measured feces and
chips, then mixed well by vortex, and 0 g, 0.05 g or 0.1 g of FdCa(OH)2
powder was mixed with the spiked feces in total weight 0.5 g. Thus, the
final concentrations of powder became 0%, 10% and 20% (w/w). The
treated samples were incubated for 0, 10, 15, 30 and 45 min. After
incubation times, 9.9 ml of 1 M HEPES was added to stop the reaction
and mixed vigorously by vortex, then the mixture was centrifuged at
440 × g for 5 min and the resulted supernatants were assayed for MNV
on RAW264.7 cells.

2.5.2. Virucidal evaluation of suspension form in MNV-spiked feces
The experiment was designed for field application for public health

under conditions of diarrhea. The autoclaved mouse feces were ground
by mortar. Hundred microliter of MNV were spiked in the 0.5 g of the
ground feces to mimic NoVs in feces. After mixed well by vortex, 2 ml of
0%, 1%, 2.5% and 5% of FdCa(OH)2 suspension was added to the
spiked feces, respectively. These mean 0.0 g, 0.02 g, 0.05 g and 0.1 g
FdCa(OH)2 powder in 2 ml solution, respectively. The treated samples
were incubated for 0, 15, 30 and 45 min. After incubation times, 7.9 ml
of 1 M HEPES was added to stop the reaction and mixed vigorously by
vortex, then the mixture was centrifuged at 440 × g for 5 min and the
resulted supernatants were assayed for MNV on RAW264.7 cells. After
addition of HEPES, the spiked virus was already diluted by 10−2, and
the detection limit was 2.5 log10 TCID50/ml.

2.6. Virus titration

The virus titer was determined by 50% tissue culture infectious dose
(TCID50)/ml. Briefly, RAW264.7 cells were seeded in 96-well micro-
plates in 37 °C incubator containing 5% CO2. After 24 h, serial 10-fold
diluted the treated and control viruses were inoculated at 100 μl per
well, four wells per dilution (Malik et al., 2006). Two to three days post-
inoculation (dpi), the virus was observed for CPE and confirmed by
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crystal violet staining for checking viability of cells (Feoktistova et al.,
2016). The virus titer was determined and calculated by the method of
Behrens and Kärber using the TCID50/ml (Jahangir et al., 2010).

2.7. Inactivation analysis

Each experiment was conducted in triplicates, and titers were
shown in mean ± standard deviation (SD). Inactivation efficacy was
examined using reduction factor (RF); RF = tpc − ta. From the equa-
tion, tpc is the log10 titer of virus control and ta is the log10 titer of virus
recovered from reaction sample. Inactivation rate was acceptable when
RF was ≥3 (Lombardi et al., 2008; Ota et al., 2016; Takehara et al.,
2010; Thammakarn et al., 2014).

2.8. Statistical analysis

GraphPad Prim 7 (GraphPad software, Inc. California, USA) was
used for statistical analysis. Each experiment was repeated thrice, in-
dependently. The RF values of each experiment were analyzed in-
dependently. For each condition, a Tukey’s multiple comparison test
was applied. The RF value was considered significant when the asso-
ciated p-value was less than 0.05.

3. Results

3.1. Virucidal evaluation in a solution form

Fig. 1 shows the ability of 0.17% FdCa(OH)2 solution to inactivate
MNV in the solution form. When 1 M HEPES was added to FdCa(OH)2
solution before MNV, namely at 0 s, the virus titer was still the same as
the titer of the virus control. The saturated 0.17% FdCa(OH)2 solution
could inactivate MNV up to more 99% within 5 s (RF > 2.0), and to
undetectable level (2.5 log TCID50/ml) within 30 s (RF > 4.0), re-
gardless 5% FBS. At 5 and 30 s, the RF value was statistically significant
(P < 0.05), comparing to 0 s. During the titration, at the 10−1 dilu-
tion, just after addition of HEPES to neutralize pH, with 500 mM HEPES
and 0.07% Ca(OH)2, the RAW cells were damaged by residual Ca(OH)2.
At the 10−2 dilution, with 50 mM HEPES and 0.007% Ca(OH)2, the
cells did not show any CPE, the cells looked healthy, and stained with
crystal violet. So the detection limit of MNV was 2.5 log10 TCID50/ml at
2.3.

3.2. Virucidal evaluation on contaminated surface

The capacity of 0.17% FdCa(OH)2 solution to inactivate MNV in the
presence of 5% FBS on rayon sheets is shown in Fig. 2. The FdCa(OH)2
solution could inactivate the virus up to 99.9% within 1 min (RF > 3),

and undetectable level was reached within 5 min (RF > 3.75). At 3
and 5 min, the RF value was statistically significant (P < 0.05), com-
paring to 0 min. In this experiment, we used PBS as a virus control, and
the titer of the recovered virus was similar to the initial virus (7 log10
TCID50/ml).

3.3. Ex vivo experiment

3.3.1. Virucidal evaluation of powder form in MNV-spiked feces
Three different concentrations of FdCa(OH)2 powder were ex-

amined in terms of inactivating of MNV in the mouse feces. Without
FdCa(OH)2 powder, namely 0%, the recovered virus titer was similar to
the titer of the virus control. However, 10% and 20% FdCa(OH)2
powder could reduce the MNV titer, depending on the length of the
contact time. Ten percentage of FdCa(OH)2, could reduce virus titer to
the accepted level within 30 min (RF = 3.28), while 20% of FdCa(OH)2
could inactivate MNV within 15 min (RF = 4.17). In addition, at
45 min incubation time, no virus was detected in both 10% and 20%
FdCa(OH)2 powder (Fig. 3). Statistically, after 10 min, the RF values for
both concentrations were significant (P < 0.05), comparing to 0 min.

3.3.2. Virucidal evaluation of suspension form in MNV-spiked feces
Four different concentrations of FdCa(OH)2 suspension were ex-

amined for MNV inactivation. In these experiments, the mice feces were
ground and spiked with MNV. Without the FdCa(OH)2 suspension,
namely 0%, the virus titer at each contact time was similar to the ori-
ginal virus titer (Fig. 4). Subsequent to treatment by 5% of suspension,
at 30 min, the virus titer decreased to undetectable level. Conversely,
2.5% of suspension could inactivate MNV within 30 min and

Fig. 1. Inactivation of MNV using 0.17% FdCa(OH)2 solution with or without organic
materials.
Fetal bovine serum was used as organic material. FBS was added to the virus at 5% and
the final concentration became 0.1% in treatment solutions with the virus. Data represent
mean ± standard deviation of three individual reactions. Asterisk (*) shows the virus
was inactivated to undetectable level (2.5 log10 TCID50/ml).

Fig. 2. Inactivation of MNV on rayon sheets by using 0.17% FdCa(OH)2 solution in the
presence of 5% FBS.
Data represent mean ± standard deviation of three individual reactions. Asterisk (*)
shows the virus was inactivated to undetectable level (2.5 log10 TCID50/ml).

Fig. 3. Inactivation of MNV in mouse feces by 10% or 20% FdCa(OH)2 powder.
The concentrations of Ca(OH)2 indicated are based on weight/weight in feces and litter.
Data represent mean ± standard deviation of three individual reactions. Asterisk (*)
shows the virus was inactivated to undetectable level (2.5 log10 TCID50/ml).
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undetectable level was reached within 45 min (Fig. 4). One percent of
the suspension could inactive MNV within 45 min (Fig. 4). Statistically,
after 15 min, the RF values for all concentrations were significant
(P < 0.05), comparing to 0 min.

4. Discussion

The main mechanism of virucidal efficacies of FdCa(OH)2 has been
shown due to its high alkalinity (pH 13) by neutralization with 1 M
Tris–HCl (pH 7.2) (Hakim et al., 2017; Toyofuku et al., 2017). In the
present study, the neutralization of FdCa(OH)2 with 1 M HEPES (pH
7.2) before adding MNV, 0.17% FdCa(OH)2 solution, FdCa(OH)2
powder or FdCa(OH)2 suspension could not inactivate MNV, and the
titer did not differ from the non-treated control (Figs. 1 and 2 at 0 s;
Figs. 3 and 4 at 0 min). After neutralization, the pH of the treated
sample became 7.3. These results indicate that the intensive alkalinity
of FdCa(OH)2 underline the main virucidal mechanism, and that the
inactivation efficacy can be stopped by adding HEPES to the reaction
(Williamson and Cox, 1968). However, at the 10−1 dilution, just after
addition of HEPES to neutralize pH, with 500 mM HEPES and 0.07% Ca
(OH)2, the RAW cells were damaged by residual Ca(OH)2.

As shown in Fig. 1, 0.17% FdCa(OH)2 solution could reduce MNV
titer by less than 2 log10TCID50/ml within 5 s, and inactivate MNV to
undetectable level within 30 s even in the presence of organic materials
(0.1% FBS in the reaction solution). Park et al. (2010) demonstrated
that ethanol and isopropanol at concentrations of 70% reduced the
infectivity of MNV after 1 min (Park et al., 2010). Akasaka et al. (2016)
demonstrated that ethanol-based sanitizer with and without glycerlin-
fatty acid ester, adjusted at pH 7, could inactivate MNV within 30 s in
the absence of organic materials (Akasaka et al., 2016). However, it is
well known that MNV is highly sensitive to alcohols, and this is often
seen as a limitation while using MNV as a surrogate for HuNoVs. Also,
MNV can survive in a variety of pH from 2 to 10 (Chiu et al., 2015;
Cromeans et al., 2014). Thus, as compared with other reports, 0.17%
FdCa(OH)2 solution could inactivate MNV much more effectively than
ethanol and isopropanol.

Generally, NoVs are highly resistant, especially under environ-
mental conditions. The viruses can survive on the surface of materials,
fomites and food for long periods (Barclay et al., 2014; Malik et al.,
2006). Therefore, our model involved rayon sheets for simulating car-
pets, bedding (bed coverings), towels or cloths that might be con-
taminated with MNV contained in organic materials such as vomitus. As
shown in Fig. 2, 0.17% FdCa(OH)2 solution could also inactivate MNV
within 1 min, and to undetectable level within 5 min. These results
suggested that FdCa(OH)2 can be applied as a disinfectant or a virucidal
agent which can inactivate NoVs in contaminated carpets, clothes, to-
wels or bedding, especially in houses or hospitals. In Japan, Ministry of

Agriculture, Forestry and Fisheries (MAFF) recommend farmers to use
slaked lime for the enforcement biosecurity measures; however, slaked
lime is harmful. FdCa(OH)2 seems to be much safer and more effective
than slaked lime, since the former is much purer (97% Ca(OH)2). It
would not make damages nor bleach carpets, clothes and floors. These
characters are superior to slaked lime or sodium hypochlorite (NaOCl).

When FdCa(OH)2 powder form was used, it took 3–6 h to inactivate
bacteria in feces (Hakim et al., 2017). In the present study, MNV in
feces was inactivated to undetectable level with 20% powder form
(0.1 g FdCa(OH)2) within 45 min, while 2 ml of 5% suspension (0.1 g
FdCa(OH)2) inactivated MNV in feces to undetectable level within
30 min, without big difference (Figs. 3 and 4). The reason for the dif-
ference between Hakim’s findings and the present results seems to be
the moisture in feces. If there is enough moisture, FdCa(OH)2 in powder
form could inactivate pathogen in a short period. For the application in
houses or hospitals at low moisture, suspension form with excess
amount of FdCa(OH)2 seems to be more certain than powder form. In
laboratory animal rooms, control of MNV infection is one of the im-
portant biosecurity measures. The present study demonstrates that
MNV in contaminated litter could be inactivated within 45 min using
10% FdCa(OH)2 powder. It was therefore suggested that FdCa(OH)2
powder can be applied in mouse litter.

5. Conclusion

In conclusion, both solution, powder and suspension forms of FdCa
(OH)2 could inactivate MNV even in the presence of organic materials,
including NoVs-contaminated rayon sheets and feces. These results
suggest that the FdCa(OH)2 may be useful as an alternative effectual
disinfectant for controlling NoVs infection especially in houses, hospi-
tals and laboratory mice.
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