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ABSTRACT 

Background. Norovirus is a worldwide concern where quarters are tight; especially cruise ships. The CDC estimates 
that 16% of U.S. Norovirus cases occur on cruise ships and over the past five years there has been an average of 16 
Norovirus outbreaks on these ships each year. Significantly, studies demonstrate that contaminated hands are the 
primary vehicle of transmission. Studies indicate that ethanol-based hand sanitisers are typically less effective against 
Norovirus but combining other ingredients, such as benzethonium chloride, can enhance protection. 

Methods. A novel hand sanitiser was examined against the surrogate Feline Calicivirus (FCV) for immediate and 
extended antimicrobial action. The product is applied to a skin substitute and then challenged with microbes at 2 
minutes, 1, 4, and 8 hours after application to determine extended antimicrobial efficacy. 

Results. Results indicate that the novel hand sanitiser is highly effective against FCV in-vivo, immediately eliminating 
99.97% of the sample on contact and demonstrating persistent efficacy by eliminating an average of 95% of FCV 4 
hours post-application. 

Conclusions. Results from this investigation indicate that the novel hand sanitizing antiseptic product is highly 
effective against the Norovirus surrogate in-vivo, showing an efficacy more than three orders of magnitude than 
ethanol alone, and significantly higher than handwashing with antibacterial soap. The in-vitro testing for sustained kill 
demonstrated that novel hand sanitising antiseptic was effective in eliminating an average of 95% of the challenge 
organisms 4 hours after application, demonstrating the long-term effica-cy of the product against transient microbes. 
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INTRODUCTION 
The Norovirus is the leading cause of acute gastroenteritis (AGE) and food-related disease in the United States and 
worldwide, and is especially prevalent in situations where many people are confined in close quarters - cruise lines, 
military barracks, nursing homes, and elementary schools. Of all cases within the United States, it is estimated that 
16% of all Norovirus infections occur on cruise liners1 and that more than 95% of all case of AGE on cruise ships are 
caused by Norovirus. According to the Center for Disease Control (CDC), there has been an average of sixteen 
Norovirus outbreaks per year on cruise ships over the last five years2. Studies have demonstrated that contaminated 
hands are the primary vehicle of transmission for the Norovirus3,4,5. In a comprehensive study of a cruise that was 
affected by a Norovirus out-break, the authors showed "no significant deficiencies in environmental health practices 
were identified" and that "programs to prevent and control norovirus outbreaks on board cruise ships should involve 
strategies that disrupt person-to-person spread6." 

Ethanol in concentrations over 50% has been demonstrated to be highly effective against both gram-positive and 
gram-negative bacteria7,8, but results against viruses are mixed and depending greatly on the specific virus tested 
against. Efficacy against different viruses can range by more than three orders of magnitude9. Ethanol is typically less 
effective against Norovirus and other non-enveloped viruses. 

Many cruise liners and nursing homes, for their convenience and ease of use, have embraced alcohol-based 
sanitisers. However, recent studies are questioning the benefit of these sanitisers in protecting against Norovirus10. In 
an in-vivo study using the ASTM standard fingerpad method, the authors demonstrated that rinsing the hands with 
water alone was more effective than using an alcohol-based sani-tizer11. 
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Another study examined the history of Norovirus outbreaks in 91 nursing homes, determining that facilities using 
primarily alcohol-based hand sanitisers for hand hygiene were six times as likely to have a Norovirus outbreak than 
facilities that relied on traditional handwashing. If a facility used an alcohol-based sanitiser the chance for an outbreak 
was 53%, while handwashing reduced the chances of an outbreak to 18% in the period studied12. 

Recent studies have demonstrated that the efficacy of ethanol can be enhanced in combination with other 
ingredients, but these new formulations have not yet been demonstrated to have a clinical impact on the risk of a 
Norovirus outbreak13. In a comprehensive review paper on the Norovirus, the authors concluded, "Data on alcohol-
based cleansers suggest they are insufficient for noroviral disinfection14." 

Another major reason for the ineffectiveness of alcohol-based sanitizers in preventing Norovirus out-breaks is 
noncompliance with hand hygiene standards 15,16. Studies have repeatedly demonstrated that even in hospitals, 
compliance typically ranges from 40-50%17. When combined with the relative ineffectiveness of alcohol against the 
Norovirus and the high infectious ness of the virus, it is not surprising that dependence on traditional alcohol-based 
sanitisers may increase the risk of outbreak18. 

It may be reasonably concluded, therefore, that the increased incidence of Norovirus outbreaks when alcohol-based 
sanitizers are used is based on two factors: 1) The relative ineffectiveness of ethanol against non-enveloped viruses 
such as Norovirus; and 2) the short-lived period of efficacy. In order to effectively combat Norovirus outbreaks, a hand 
hygiene product would ideally have a higher immediate kill against Norovirus than alcohol alone, and also be able to 
provide persistent antimicrobial action to protect the hands in between uses. 

This study was designed to evaluate a novel, persistent, alcohol-based antiseptic for both immediate and extended 
antimicrobial action. The immediate effect against a Norovirus surrogate, Feline Calicivirus (FCV), was examined in-
vivo using the standard ASTM fingerpad method (ASTM)19. Extended antimicrobial action was studied using an in-
vitro skin sub-stitute model, using a modification of ASTM Method 1882. The product is applied to the skin substitute 
and then challenged with microbes at 2 minutes, 1 hour, 4 hours, and 8 hours after application to determine extended 
antimicrobial efficacy. 

The product has previously demonstrated long-term efficacy against both resident and transient bacteria20. In the 
standard surgical scrub test detailed in the Tentative Final Monograph (TFM), the product was demonstrated to have a 
1.8 log reduction in bacteria count after 6 hours21. 

In Figures 1 and 2, the product has been shown to have significant continued antimicrobial activity against 
transient bacteria for up to eight hours after application in in-vitro testing22, where it reduced the challenge organism 
(S. aureus) by 96.38% at 4 hours and 64.66% at eight hours. When challenged in another in-vitro study using a skin 
substitute with gram-positive and gram-negative bacteria at 20 and 35 minutes after application, the product 
demonstrated an efficacy that was between 10 and 100 times greater than the comparison products21. Based on 
previous results against viruses, it was hypothesized that this product would demonstrate a significantly higher 
immediate kill than alcohol alone against the Norovirus surrogate, while also showing a high level of sustained 
activity against transient microbes. 

METHODS 
In-Vivo, Immediate Kill 
The standard fingerpad method (ASTM E 1838-10) was used to evaluate the in-vivo efficacy of the test product as 
compared to a hard water control. A surrogate for human Norovirus, FCV strain F9 (FCV; ATCC # VR-782) was used 
as the challenge organism. 

A known volume of FCV was placed on a site demarcated on fingerpads of each test subject and allowed to dry. 
The contaminated sites were then exposed to the test product or hard water control. Post-application eluates were 
diluted in maintenance medium and plated in four replicates. Log10 reductions in the virus titer following treatment 
with test product and hard water control were compared to a baseline recovery value. 

The testing was performed at BioScience Laboratories (Bozeman, MT) with 24 data points taken 23. Data from testing 
were analyzed statistically using an Analysis of Variance (ANOVA). 

In-Vitro, Sustained Kill 
In order to evaluate the sustained kill of the product after it has been applied, a modification of ASTM Method 1882 
was used. Pigskin models, 4 cm x 4 cm, were disinfected with a 70% ethanol mixture. The control group was washed 
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with a light soap for 20 seconds, rinsed, and allowed to dry. The product was applied to the test group and allowed to 
dry. The testing was conducted at Haskins Laboratory (Pace University, NY). 

At the selected time points (2 minutes, 1 hour, 4 hours, and 8 hours) after application of the test prod-uct, the 
pigskin was pressed into a plate containing a specified amount of organisms for 5 seconds. The skin was then pressed 
onto an uninoculated plate for 5 seconds and the plates are incubated overnight. Colonies were counted and compared 
against the control group. All tests were performed in triplicate. Organisms used were E. coli (initial concentration of 5 
x 103) and S. aureus (initial concentration of 2 x 103). 

RESULTS 
In-Vivo, Immediate Kill 
The Test Product reduced the FCV concentration on contaminated fingerpads by 3.46 log10 (99.97%). The hard water 
control produced a mean log10 reduction of 1.09. This study met the following five criteria that constitute a valid 
evaluation: 1) a greater than 4.0 mean log10 infectivity titer value was recovered from the Baseline Control from all 
three subjects; 2) cells in the Negative Control wells were viable and attached to the bottom of the well; 3) the medium 
was free of contamination in all wells of the plates; 4) cytotoxicity of the test product did not affect cell morphology in 
the dilutions of the Virucidal Test necessary to demonstrate the reduction of the virus; and 5) the test prod-uct was 
fully neutralized immediately after timed exposure and did not affect virus infectivity. 

In-Vitro, Sustained Kill 
The results of the in-vitro testing are displayed in Table 2. The fingerpad method of product exposure (a 10 second hold 
followed by ten inversions) resulted in a product exposure time for the Test Product of 46 seconds and for the hard 
water control of 55 seconds. The variation in exposure times was due to the subjects' dexterity. Data from testing were 
analyzed using an Analysis of Variance (ANOVA). The analysis showed that the Test Product produced a significantly 
great (p < 0.05) inactivation of the Norovirus surro-gate on the fingerpads of human subjects than the control. 

DISCUSSION 
In Table 3, the results from this investigation indicate that the novel hand sanitising antiseptic product is highly 
effective against the Norovirus surrogate in-vivo, showing an efficacy more than three orders of magnitude than 
ethanol alone11, and significantly higher than handwashing with antibacterial soap. These data indicate the high level 
of efficacy of the new product against a non-enveloped virus, FCV, eliminating 99.97% of the sample on contact. 

The in-vitro testing for sustained kill demonstrated that the test product was effective in eliminating an average of 
95% of the challenge organisms 4 hours after application, demonstrating the long-term efficacy of the product against 
transient microbes. While additional clinical investigation is necessary to deter-mine exactly how an in-vitro test on a 
skin substitute corresponds to "real world" efficacy, the sustained kill of the product has two important distinctions 
over traditional alcohol-based sanitizers. 

First, the sustained antimicrobial activity of the product indicates that a longer contact time with the organism will 
continue to reduce the concentration of the organism. Traditional alcohol-based sanitisers are completely ineffective 
after the alcohol has evaporated (approximately 15 seconds), while this test product maintains a high level of efficacy 
and will continue reducing bacteria or virus levels that are in contact with the skin. 

Secondly, the continued antimicrobial activity will provide some level of sustained protection against transient 
bacteria that is not available with traditional alcohol-based sanitisers. While the exact level of this protection needs to 
be clarified with additional investigation, sustained antimicrobial activity can reduce levels of bacteria and viruses that 
come into contact with the skin when proper hand hygiene protocols are not followed. 

The high initial kill rate, combined with the product's long-term effectiveness against transient microbes, address 
the two major concerns about the use of hand antiseptics to reduce Norovirus transmission and outbreaks. Additional 
clinical studies are needed to determine whether the product, combining a high initial kill rate with persistence, can 
have the anticipated benefit of reducing the rate of Norovirus outbreaks on cruise ships. 
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