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               SANGSRIRATANAKUL, Natthanan   

    Studies on Strategies to Control Norovirus Infections 
                        

Noroviruses (NoVs) are non-enveloped viruses with single-stranded positive sense 
RNA and that belong to the genus Norovirus, family Caliciviridae. NoVs are the most 
common microorganism causing non-bacterial gastroenteritis in all age of humans. These 
viruses can transmit via a fecal-oral route, direct person-to-person spread and contaminated 
environment surfaces. Therefore, the efficacy of disinfectants for the control and prevention 
of human noroviruses (HuNoVs) infection must be evaluated carefully.  

Normally, HuNoVs cannot be cultured in laboratories because of the lack of cell 
culture systems, so a murine norovirus (MNV) has been used as a surrogate virus of HuNoVs 
for studying strategies to control NoVs. MNV is a pathogen in laboratory and wild mice.  

In the present study, my aims are i) to determine the efficacies of virucidal agents, 
which can be applied for supporting proper sanitation in houses and hospitals and ii) to apply 
the findings to the control of MNV transmission in laboratory mice. Four types of materials 
were evaluated for their virucidal efficacies. 1) Food additive grade calcium hydroxide 
FdCa(OH)2 powder was produced and provided by Fine Co., Ltd. (Tokyo, Japan). It was 
obtained from limestone through a calcination process. The average diameter of the powder 
size is 10 m. The pH of FdCa(OH)2 is 13 when measured at 0.17% saturation. The main 
component is calcium hydroxide. In the present study, FdCa(OH)2 was used as solution, 
suspension and powder forms. 2) Bioceramic (BCX) powder material was prepared from 
chicken feces by process of sintering and was kindly provided by NMG Environmental 
Development Co., Ltd. (Tokyo, Japan). The pH of BCX is 13 when measured at 20% 
suspension. The main components of BCX are P2O5, CaO and K2O. In the present study, BCX 
was used as powder forms. 3) Grapefruit seed extract (GSE; Citrafine®) was provided by Fine 
Reverse Co., Ltd. (Saitama, Japan) in a liquid form. The main ingredient of GSE is 
polyphenol (fatty acid flavonoid). It is light yellow in color and has no odor. However, there is 
no scientific report for virucidal efficacy on Citrafine as far as the author knows. 4) Sodium 
hypochlorite (NaOCl) (Turukuron®, at 12% chlorine concentration), purchased from 
Toagosei Co., Ltd. (Tokyo, Japan) of chlorine (1000, 2500 and 5000 ppm) was used as a 
solution. 

In the first evaluation of virucidal agents in vitro, the four types of virucidal agents 
were tested to examine the inactivation efficacy toward MNV in aqueous phase. After 
completing the incubation time, 1M HEPES or the mixture of 1M HEPES and fetal bovine 
serum (FBS) were added to stop the reactions by pH neutralization and chlorine 
neutralization. In the presence of organic materials, MNV was mixed with FBS before being 
tested with the virucidal agents. The treated samples were titrated on RAW264.7 cells that are 
the host cells for MNV. The findings indicated that FdCa(OH)2, BCX and NaOCl were all 
highly effective at inactivating MNV, even in the presence of organic materials. On the other 
hand, GSE was ineffective against MNV even in the absence of organic materials. 



  In the secondary evaluation, the efficacy of virucidal activities on contaminated rayon 
sheets in vitro was conducted. The virus was mixed with FBS at the final concentration of 5% 
FBS to mimic NoVs in diarrhea on a carpet, spread on the rayon sheets and then let dry for 40 
min in a biosafety laboratory cabinet at room temperature. After drying, the sheets were 
moved to microtubes containing FdCa(OH)2 or NaOCl solution. After completing the 
incubation times, the virucidal treatment of samples was stopped with 1M HEPES or a 
mixture of 1M HEPES and FBS. All of the treated samples were assayed for MNV on 
RAW264.7 cells. The results showed that FdCa(OH)2 and NaOCl solution were highly 
effective at inhibiting MNV on rayon sheets. 

The third evaluation was performed ex vivo, using FdCa(OH)2 powder or BCX 
powder. MNV was spiked into autoclaved mouse feces, then mixed well using the vortex 
mixer. Then FdCa(OH)2 powder or BCX powder were mixed with the spiked feces to make a 
total combined weight of 0.5 g. After completing incubation, 9.9 ml of 1M HEPES was added 
to stop the reaction and mixed vigorously using the vortex mixer. The mixtures were then 
centrifuged at 440 x g for 5 min and the resultant supernatants were titrated for MNV on 
RAW264.7 cells. The results indicated that FdCa(OH)2 powder and BCX powder were highly 
effective in inactivating MNV in spiked feces. 
  The forth was performed ex vivo in suspension form. MNV was spiked into 0.5g of the 
ground mouse feces. After thoroughly mixing using the vortex mixer, 2 ml of FdCa(OH)2 
suspension or NaOCl solution were added to the spiked feces, respectively. After incubation, 
7.9 ml of 1M HEPES was added to stop the reaction and the contents were mixed vigorously 
by vortex mixer. The mixtures were then centrifuged at 440 x g for 5 min and the resultant 
supernatants were assayed for MNV on RAW264.7 cells. These results showed that 
FdCa(OH)2 suspension was highly effective at inactivating MNV in spiked ground feces. In 
contrast, NaOCl solution at 5000 ppm concentration could not inactivate MNV in spiked 
ground feces to reach the acceptable level (Reduction factor <3).  
  The fifth evaluation was performed in vivo. Six specific-pathogen-free (SPF) mice 
were infected with MNV (7.35 log10TCID50/0.1ml/head) via the intraperitoneal route. The 
mice were kept for 1 week, and at 1 week post-infection, two experiments were performed: (i) 
MNV inactivation in bedding. The beddings from infected mice cages were collected and 
separated into 3 cages (for testing FdCa(OH)2, BCX and control cage). The beddings were 
mixed with FdCa(OH)2 or BCX, left for 1 day inside the isolators. In one cage, the infected 
bedding was placed as control. Then 3 SPF naïve mice were added to each cage and kept for 1 
week. The mice were sacrificed by over dose inhalation of isoflurane, and feces and cecum 
were harvested for virus isolation. (ii) Inhibition of horizontal MNV transmission. The six 
inoculated infected mice were placed in to 3 new cages that have litter with FdCa(OH)2, litter 
with BCX and litter only as control. Then 3 SPF naïve mice were added to each cage group 
and kept for 1 week. All mice were sacrificed by over dose inhalation of isoflurane, and feces 
and cecum were harvested for virus isolation. The findings indicated that (i) FdCa(OH)2 and 
BCX were highly effective in inactivating MNV in bedding and inhibit infection from 
contaminated bedding to mice. (ii) FdCa(OH)2 and BCX were ineffective in inhibiting the 
horizontal transmission of MNV from infected mice to uninfected mice. 
 In conclusion, the present studies demonstrated the abilities of three virucidal agents 
against MNV under variety of conditions. FdCa(OH)2 was highly effective in inactivating 
MNV on contaminated rayon sheets, spiked feces with MNV and contaminated bedding. 
BCX powder could excellently inactivate MNV in spiked feces and contaminated bedding. 
The three concentrations of NaOCl (1000, 2500 and 5000 ppm) were highly effective in 
inactivating MNV on contaminated rayon sheets but they were ineffective in inactivating 



MNV on spiked ground feces. When NaOCl was used, the most appropriate concentration of 
NaOCl to inactivate NoV was found to be 5000 ppm. 

These findings revealed that FdCa(OH)2 and BCX might be used as effective 
alternative disinfectants for NoVs in houses, hospitals. In case of mice laboratory facilities, 
these materials can be applied to aid the control and prevention but cannot be used for stop 
viral horizontal transmission  
 


