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ABSTRACT
NICOLE WIDJAJA
Efficacy of epigallocatechin-3-gallate-palmitate as a virucidal compound
against norovirus
(Under the direction of DR. STEPHEN HSU)
Norovirus is a highly infectious, non-enveloped virus found to be the leading cause
of global gastroenteritis outbreaks. Every year within the United States, this virus is
responsible for an average of 19-21 million cases of acute gastroenteritis, approximately
570-800 deaths, and has been the cause of 1.7 to 1.9 million outpatient visits. On a global
scale, healthcare costs and lost productivity are estimated to $60 billion due to illnesses
and outbreaks caused by the burden of norovirus. Unfortunately, current measures to
prevent the transmission of norovirus remain insufficient as the Center for Disease Control
and Prevention (CDC) can only recommend hand washing with soap and water as the best
preventative measure. The only other hand hygiene method available is alcohol-based hand
sanitizers, but the CDC states that they are not effective in inactivating norovirus particles
and warns that it should not be considered a substitute to hand washing. Recently,
epigallocatecin-3-gallate (EGCG) a major component extracted from the leaves of
Camellia sinensis, also commonly known as tea plant, has shown potential to be the next
viable candidate as an antiviral solution. Lipid derivatives of EGCG, most notably EGCGpalmitate, has shown to express potent antiviral properties and has showed to play a crucial
role in the fight against other non-enveloped viruses such as poliovirus and adenovirus. In

this study, we determined the efficacy of EGCG-palmitate in novel formulations against
human norovirus surrogates by utilizing the EU international standards for hand hygiene
in vitro studies against norovirus. Evidence is provided determining the virucidal activity
of alcohol-based ProtecTeaV formulations containing EGCG-palmitate as well as the
potential for EGCG-palmitate as a persistent residual virucidal activity against norovirus
surrogates, feline calicivirus (FCV) and murine norovirus-1 (MNV-1). By creating an
effective, environmentally friendly, non-toxic and long lasting solution composed of
EGCG-palmitate, the results of this innovative approach would expand the options
available to reduce the transmission of norovirus essentially bridging the gap for a new
preventative hand hygiene and ultimately impacting the spread of norovirus on a
worldwide scale.
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I.

INTRODUCTION

A. Statement of the problem and specific aims
Norovirus is a highly infectious, non-enveloped virus found to be the leading cause of
global gastroenteritis outbreaks. Every year within the United States, this virus is
responsible for an average of 19-21 million cases of acute gastroenteritis, approximately
570-800 deaths, and has been the cause of 1.7 to 1.9 million outpatient visits. On a global
scale, healthcare costs and lost productivity are estimated to $60 billion due to illnesses
and outbreaks caused by the burden of norovirus. The United States alone accounting for
$2 billion of these lost expenses.
Unfortunately, current measures to prevent the transmission of norovirus remain
insufficient. The CDC has stated that there are no vaccines available to prevent norovirus
and disinfectant solutions, such as bleach, are primarily utilized for sanitizing surface areas.
As for hand hygiene, a huge gap in preventative and effective measures remains to be filled
as alcohol-based hand sanitizers are not considered effective in inactivating norovirus
particles. The best recommendation that the CDC can provide is the practice of proper hand
washing with soap and water (1). Due to the lack of effective hand hygiene methods, there
is a crucial necessity to bridge this gap and produce an effective, non-toxic and
environmentally friendly strategy that could be utilized to prevent the transmission of
norovirus. By developing an innovative strategy that could successfully fill the current lack
of hand hygiene methods, it could potentially reduce the burden of lost productivity and
healthcare expenses.
Recently, epigallocatecin-3-gallate (EGCG) a major component extracted from the leaves
of Camellia sinensis, also commonly known as tea plant, has shown potential to be the next
1

viable candidate as an antiviral solution. Lipid derivatives of EGCG, most notably EGCGpalmitate, has shown to express potent antiviral properties against other non-enveloped
viruses such as poliovirus and adenovirus (2, 3). By creating an effective solution
composed of EGCG-palmitate, this innovative approach could expand the options
available to prevent norovirus outbreaks. In order to accomplish this goal, two objectives
were proposed:
Specific Aim 1: To determine the efficacy of novel formulations containing EGCGpalmitate on human norovirus surrogates
We will determine the virucidal activity of alcohol-based ProtecTeaV formulations
(composed with EGCG-palmitate) by performing suspension tests (with TCID50 assay)
against feline calicivirus (FCV) and murine norovirus (MNV). Different formulations of
ProtecTeaV and other products will be tested and deemed as virucidal if they meet the
mandatory international in vitro standard of ≥4log10 reduction (99.99%).
Specific Aim 2: To test the potential persistent residual virucidal effect of novel
formulations containing EGCG-palmitate
Upon completion of tests in Aim 1, we plan to identify if EGCG-palmitate contains
persistent residual virucidal activity by performing treatment tests on hard surfaces
followed by TCID50 assays against human norovirus surrogates.

2

B. Rational of the study and significance
We hypothesize that a non-toxic, natural hand sanitizer composed of EGCGpalmitate will provide a potent virucidal effect against norovirus as an innovative
addition to the current lineup of hand hygiene methods. The purpose of this study was
to first determine the efficacy of EGCG-palmitate in novel formulations (ProtecTeaV) by
testing it against human norovirus surrogates, feline calicivirus (FCV) and murine
norovirus (MNV). By reaching the international mandatory standard for in vitro virucidal
activity, EGCG-palmitate in alcohol-based formulations could be the forerunner of a line
of environmentally safe and potent hand sanitizers that could significantly reduce the
transmission of norovirus infections and outbreaks. This compound could be further
incorporated into other types of disinfectants that could be easily distributed to known
outbreak areas, such as cruise ships and medical facilities, thus reduce the costs for patients,
businesses, and healthcare providers.

C. Literature Review
1. Norovirus background
Norovirus is a non-enveloped, single-stranded RNA virus within the Caliciviridae family.
The virus is a human pathogen and it is known as a leading cause of global gastroenteritis
outbreaks (4). The difference between a non-enveloped and enveloped virus are shown in
Figure 1.
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Figure 1. Non-enveloped and enveloped virus - Image showing the similarity and difference between a
non-enveloped virus and enveloped virus (5)

The outer layer of an enveloped virus is composed of one or more lipid bilayers and is
typically derived from the membrane of the host cell. The envelope structure not only
functions as a protective membrane, but also contains various proteins that help further
facilitate its reproduction (6). The non-enveloped virus lacks a lipid envelope but has an
outer layer that is composed of a protein capsid. The protein capsid of a non-enveloped
virus provides resistance to temperature, pH, and various detergents, which are typically
effective against microbes and enveloped viruses (7). In terms of size, enveloped viruses
such as influenza or yellow fever virus are typically larger ranging from 80-120 nm in
diameter. The lack of an envelope contributes to the non-enveloped viruses smaller size as
seen in examples such as poliovirus at 30nm in diameter and norovirus ranging around 2748 nm in diameter (8).
Norovirus is transmitted by coming in contact with contaminated objects, food or water.
Transmission includes direct human-to-human interaction, contact with contaminated fecal
or oral matter, and air particle transmission can also lead to infection. Furthermore,
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norovirus can withstand freezing temperatures as low as -60°C, survive for days after
settling on a surface, and has even shown resistance to low levels of chlorine disinfectants
(4). These characteristics allow the virus to easily spread as a highly contagious infection,
particularly in closed areas. Medical facilities, long-term care institutions, schools, cruise
ships, and crowded facilities are at the highest risk for norovirus outbreaks, due to the
increased levels of human contact in small areas of proximity (9). Figure 2 shows a chart
calculating the worldwide economic burden of norovirus.

Figure 2. Global median cost per norovirus illness by age group. The health system and productivity loss
combine to represent total societal cost (10)

5

The model estimates norovirus’s total global economic impact to be around $4.2 billion
for health system costs and $60.3 billion in societal impact per year. Half of the
productivity loss was attributed to deaths, which averaged around 219,000 each year
among all age groups. The median cost per age group and geographical location shows
the highest burden of cost is the 55+ population in the Americas (10).

2. Systems affected by norovirus
A healthy gastrointestinal track supports the body by absorbing nutrients from digested
food. However, with as little as 10 virions ingested, symptoms of norovirus can occur
within 12 to 72 hours. The stage before symptoms occur is called the incubation period
where the viral genomes replicate for 24 to 48 hours after initial infection (11). A diagram
depicting general growth of viruses is outlined in Figure 3.

Figure 3. General stages of viral load at different times during a viral infection (12)
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As the peak viral load is reached, the host begins to respond to the infection with symptoms
including vomiting, diarrhea, fever, headache, and nausea (4). Viral infection can last as
long as 4 days to two weeks, depending on the immune system of the individual. During
this time, as high as 10^10 virions per gram of stool are shed into feces, further contributing
to the virus’s rate of transmission. Norovirus can also attach to the human epidermis as a
platform for transmission. Similar to other viruses, norovirus can survive for days, unless
preventative measures are used to clean and restrict the risk of further infection.
Currently, due to the lack of a viable cell culture system, literature regarding the
mechanism of norovirus is restricted to studies of human volunteers and use of norovirus
surrogates. From the limited knowledge, it is known that norovirus appears to target
intestinal immune cells and induce apoptosis. In norovirus surrogates, apoptosis is caused
through a mitochondrial pathway, thus suggesting that human norovirus can affect
enterocytes via a direct mechanism (11). Although norovirus is known to only affect the
gastrointestinal track, evidence suggests that norovirus may affect other parts of the human
body. Results of an experimental study have shown norovirus surrogates being detected in
the lymph nodes that drain from the intestine (11). However, until further evidence is
provided, norovirus continues to be primarily viewed as a virus affecting only the
gastrointestinal track.

3. Current preventative measures
Currently, there is no specific treatment that can be used against norovirus. Thus, measures
to control the spread of this viral infection are focused on minimizing the risk of possible
introduction through human-to-human contact and air transmission (9). The preventative
7

measures to minimize norovirus outbreaks include the use of antiseptic and disinfectant
solutions.

4. Antiseptic measures
In 2017, the CDC updated its guidelines to recommend the use of soap and water for hand
hygiene as the best preventative practice for disrupting viral transmission of norovirus (13).
The use of alcohol-based hand sanitizers can be used alongside the recommended hand
hygiene method, but the CDC has stated that it should not be used as a substitute for hand
washing with soap and water (14). A study testing the reduction of viral contaminants from
finger pads even stated that alcohol-based hand disinfectants were far less effective than
hand washing (15). According to the European Standard (EN) 14476, for a hygienic
handwash product to be considered effective against viruses, it must meet a required in
vitro ≥4 log10 viral infectivity reduction after a contact time of 30-120 seconds (16). The
results of the study showed that the alcohol-based hand disinfectant, when used against a
norovirus surrogate, demonstrated an infectivity reduction of <1 log10 within 30 seconds
while in comparison liquid soap handwashing was sufficient enough to show an infectivity
reduction of >5 log10 within 30 seconds (15).
Even if the concentration of alcohol were altered in the study, it may not have made a
significant impact. Researchers in a different study performed various suspension tests
altering the concentrations of ethanol against poliovirus type 1, a non-enveloped virus (17).
The results showed that higher concentrations of alcohol showed no significant increase in
virucidal activity. A solution of ethanol at a 73.5% concentration exposed to the virus for
1 minute had a log10 reduction of 2.9 while a concentration at 100% had a log10 reduction
8

of 1.5 even after it was exposed for the same amount of time to the virus. The addition of
different types of acids in combination with alcohol increased the virucidal activity, but
alcohol by itself, even at different concentrations, could only partially reduce the nonenveloped viruses in the study. Unfortunately according the CDC guidelines, both hand
hygiene methods still remain to have “very low-quality evidence” available to suggest that
they can prevent or reduce the symptomatic norovirus infections (13).
It is also important to note that in 2017, the Food and Drug Administration (FDA) issued
a final rule that established certain active ingredients as “not generally recognized as safe
and effective” (GRAS/GRAE). Alcohol, once classified as GRAS/GRAE in the 1994 TFM
proposal, was one of the ingredients that FDA stated would be deferred from consideration
until further studies were completed to fill the safety and effectives data gaps (18). As
stated in the document, new information regarding system exposure to antiseptic active
ingredients, observations concerning development of antibiotic-resistant bacteria, and
detection of potential safety risk would need to be evaluated before alcohol could be reclassified as GRAS/GRAE. This statement applied to two categories where alcohol was
used as a primary active ingredient: consumer antiseptic rub product (e.g. hand sanitizers)
and also health care antiseptics (e.g. drugs intended for use by health care professionals in
a hospital setting or other health care setting outside of a hospital) (18, 19). This final ruling
was crucial as the FDA is the only U.S. agency regulating hand hygiene products and, in
addition, it does not recognize any virucidal claims for antiseptic products. It was for this
reason that GOJO Industries, the manufacturer of the commercial hand sanitizer product
Purell, was issued a warning by the FDA for misleading claims on their product (20). Their
company’s marketing specifically claimed that their product not only kills more than
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99.99% of most common germs that may cause illness in a healthcare settings, but also
claimed that it was effective against influenza, Ebola virus and norovirus. Although studies
show alcohol is an effective bactericidal agent and has been successful against enveloped
viruses, the FDA stated that they were not aware of any adequate and well-controlled
clinical trials that support Purell’s claims. GOJO Industries has since been working to
adjust their marketing in response to FDA’s warning. As it stands now, FDA cannot
confirm alcohol as a safe and effective active ingredient leaving antiseptic measures with
an even greater need for new viable products.
Although FDA only accepts bactericidal claims, not virucidal claims, for antiseptic
products, international organizations such as the European Union does have a hygienic
handwashing standard available, the EN 14476, to determine the virucidal capacity of a
hand hygiene product (21). FDA and Health Canada follow similar standards referred to as
the ASTM International (formerly known as the American Society for Testing and
Materials) (22). While the EN 14476 covers in vitro hygienic handwashing standards, the
ASTM standards apply in vivo testing methods to test the efficacy against various
organisms such as bacteria, fungi, and viruses. ASTM E-1838 and E-2011 are finger pad
and whole hand methods set in place to test hand wash and hand rub agents against viruses.
The major obstacle of the ASTM hand hygiene testing standards is the cost of clinical trials,
but the ability to test products in a well-controlled in vivo laboratory under these methods
would provide substantial evidence to the benefits of field use.
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5. Disinfectant measures
Other measures against the spread of norovirus are surface disinfectants. Of the limited
number of surface disinfectants that are registered with the US Environmental Protection
Agency (EPA), bleach has proven to be very effective in controlling outbreaks of norovirus.
The results of a study, shown in Table 1, compared various disinfectants to bleach, which
was used as the control for the experiment (23).
Table 1. Evaluation of disinfectant efficacy for norovirus surrogate feline calicivirus (FCV) (23)

Certain factors, such as pH, play a vital role in inactivating the norovirus surrogate, feline
calicivirus (FCV). In addition, common disinfectants, such as ethanol, phenol and pine oil,
worked at minimal potency and failed to inactivate the virus when used at their
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recommended concentrations. However, Table 2 shows the results when ethanol was mixed
with different factors.
Table 2. Virucidal efficacy tests of disinfectants mixed with different active factors against feline
calicivirus (FCV)(23)

When ethanol was mixed with a quaternary ammonium agent high in alkaline pH,
inactivity of the virus was observed, therefore demonstrating that ethanol has the potential
as an antiviral product, depending on how it is formulated.
As seen from the results in Table 1 and 2, there is potential in creating various formulas for
disinfectant use against norovirus. Bleach continues to be used as a potent antiviral product
against norovirus, but these disinfectants evaporate into harmful gases that are irritant to
humans, toxic to animals, and hazardous for the environment (23). Because of bleach’s
harmful effect, a user-friendly alternative would be a more desirable product for use in
consumer and healthcare settings.
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6. Clinical deficiencies
Although norovirus is recognized as a leading cause of global outbreaks, research is
hindered by the difficulty in cultivating the virus in a lab (24). This difficulty stems from
the lack of an available in vitro cell culture system. The hypothesized target of the human
norovirus (HuNoV) are intestinal epithelial cells, which line the gut; however, efforts to
cultivate HuNoV in epithelial cells proved unsuccessful (25). One effort to replicate human
norovirus in an in vitro cell culture attempted to mimic the epithelium of the intestine by
using human gastric cells, duodenal cells, and small intestine enterocytes. Unfortunately,
the norovirus did not replicate within the cell culture combination. It was reasoned that the
problem may be due to lack of knowledge about steps in the norovirus replication cycle, in
conjunction with specific features required of host cells (24).
Continued efforts have been utilized to cultivate norovirus by broadening the target from
intestinal epithelial cells to also include macrophages and dendritic cells. Infection of
macrophages and dendritic cells proved unsuccessful, but their use helped provide
evidence for the use of B cells. These cells are a type of white blood cell that functions
within the immune system by secreting antibodies, as a human norovirus target cell. The
norovirus has successfully infected B-cells and was able to replicate, increase viral genome
copies, and produce infectious progeny virus, thus representing the first cultivation system.
As much potential as this system holds, it is still in its initial stages of development and
only exhibits modest levels of viral replication (25).
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7. Human norovirus surrogates
In response to the lack of human cell cultures for human norovirus research, studies utilize
murine norovirus-1 (MNV-1) and feline calicivirus (FCV), which have both proven to be
successful surrogates for human norovirus. Similar to human norovirus, murine norovirus
and feline calicivirus are found within the same family, Caliciviridae, and are speciesspecific, meaning they only infect and cause disease in their respectful species (26). Feline
calicivirus was originally used first as a surrogate for human norovirus, with studies dating
as far back as 1970. This virus was initially chosen due to its ease of being propagated in
cell culture. However, unlike human norovirus, feline calicivirus falls under the genus
Vesivirus and is a respiratory pathogen in felines, rather than a gastroenteritis infection (27).
Feline calicivirus still remains highly infectious using similar routes of transmission to
human norovirus, but is less stable at low pH and higher temperatures (28).
Considering the feline calicivirus’s differences to human norovirus, murine norovirus was
identified in 2003 as another alternative surrogate (29). Studies show that murine norovirus
has significant potential, as it is closer in genetic similarity and its resemblance to human
norovirus characteristics. The genetic similarity can be determined, because murine
norovirus is found within the same genus as human norovirus, theorizing that it may be
able to predict inactivation more accurately. Murine norovirus genetic similarity can also
be observed in its structure, because it has the same shape and same protein content as
human norovirus, which encodes for a polyprotein containing helicase, protease, and a
polymerase (29). As for resemblance to human norovirus characteristics, murine norovirus
has high resistance to both high and low pH values (27).
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Although murine norovirus has closer similarities to human norovirus, the Environmental
Protection Agency (EPA) accepts feline calicivirus as the primary norovirus surrogate in
disinfectant research (30). EPA’s decision is based on the fact that ATCC, the provider of
both norovirus surrogates, does not currently have a warrantee for murine norovirus,
meaning the company cannot make any validations towards the accuracy of the virus’s
characterization (31). Some other international agencies such as the European Union and
Health Canada prefer the use of murine norovirus as the norovirus surrogate; European
Union specifically listing the S99 Berlin strain as the preferred test subject when
performing the EN 14476 for virucidal activity (16, 32). Although both norovirus
surrogates have their similarities and differences, as summarized in Table 3, they have both
contributed to the study of human norovirus and helped evaluate the virucidal effects of
sanitizers and compounds (33).
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Table 3. Overview of norovirus and the surrogates used for experimental studies (16, 26-29, 32-35)

8. Efficacy testing of virucidal products
Before a disinfectant or antiseptic can be registered for use, they must be evaluated for
virucidal potency. A product described as virucidal is generally defined as something that
inhibits the ability of a virus to infiltrate or proliferate within a target cell (2, 36). Within
the United States, the Environmental Protection Agency (EPA) regulates the use and
registration of virucidal disinfectants. To claim a product as a virucidal disinfectant, it must
undergo “hard surface carrier” and demonstrate complete inactivation of the virus or show
a ≥3 log10 reduction of viral activity (37). The Deutsche Vereinigung zur Bekämpfung der
Viruskrankheiten e.V. is the guideline followed to test the effectiveness of possible
disinfectants against viruses (38). To summarize, the virus of interest is applied and dried
16

on a carrier. The experimental product is then spread across the carrier and left to incubate
at room temperature for an amount of time designated for the study. Once the time period
has lapsed, the carrier is then subjected to a cold medium in order to neutralize the
disinfectant. The carrier can then be evaluated through two methods: either qualitative or
quantitative response assays, in order to determine the infectivity of the virus. A qualitative
assay is useful in identifying the presence or absence of the observed subject. The results
are reported as either positive or negative. Quantitative assays provide information
regarding the amount of the observed subject which is shown as a numerical result. Finally,
macro or micro assays can determine the infectivity of the sample. This analysis is
completed by various methods of identification, such as identifying destroyed cells by
virus-induced lysis in a plaque assay or using end point dilution (39).
Although the United States currently has no standards to test hygienic hand methods for
virucidal activity, the European Committee for Standardization (CEN) does possess a
standard and pass criterion for in vitro hand hygiene products against viruses. As stated in
the European Chemicals Agency (ECHA) Guidance, EN 14476 method requires a product
must meet the required ≥4 log10 reduction after a contact time of 30-120 seconds to be
considered as virucidal agent against viruses (16).
There is no internationally accepted definition of persistence in terms of biological testing,
but it can be interpreted as a substance that continues to be active or has a prolonged effect
over a period of time (40). A product that can persist over lengths of time would
theoretically function as a temporary barrier to infective diseases. Unlike testing for
potency, there is no set international guideline to test for persistency and varies based on
the study.
17

9. Epigallocatechin-3-gallate (EGCG)
The popularity of tea as a beverage in certain cultures stems from the possible health
benefits that have been demonstrated to affect diseases and pathological disorders (41).
Much of these effects have been linked to epigallocatechin-3-gallate (EGCG), a watersoluble molecule extracted from the leaves of Camellia sinensis, commonly known as a
green tea. The leaves of a green tea plant are composed of four key catechins, a type of
phenol and antioxidant, which act as the major active components. The structures of the
catechins, showed in Figure 4, include EGCG, epigallocatechin (EGC), epicatechin gallate
(ECG), and epicatechin (EC).

Figure 4. Catechin backbone and the four structures, epigallocatechin gallate (EGCG), epicatechin (EC),
epicatechin gallate (ECG), and epigallocatechin (EGC) (41)

The number of hydroxyl groups attached to the B-ring contributes to the functional and
structural differences among these catechins. Within these four key molecules, EGCG is
the most abundant, accounting for 50% of the total catechins (42). As of 2018, the FDA
has completed their evaluation of green tea catechins and has classified it as “generally
recognized as safe” (GRAS) (43).
18

10. Types of EGCG
There are two compounds used in studies: a naturally extracted EGCG and a modified,
lipophilic EGCG (L-EGCG). Both types of EGCG compounds requires a vehicle, such as
water or alcohol, to be tested. Naturally extracted EGCG is taken as a compound from tea
leaves and was used initially in antiviral and antimicrobial studies without any changes to
its structure. Eventually, EGCG was identified to have limitations when applied as a topical
skin care product (44). As a water-soluble molecule, EGCG rapidly oxidizes and
metabolizes, due to its unstable form. In response to this challenge, modified EGCG (LEGCG), among a group of tea polyphenol esters known as lipophilic tea polyphenols (LTP),
was created to overcome EGCG’s instability. This modification was performed by
attaching fatty acid molecules to the hydroxyl groups of EGCG via ester linkages as shown
in Figure 5 with the lipid derivative epigallocatechin-3-gallate palmitate (EGCG-p).

Figure 5. Chemical structure of epigallocatechin-3-gallate palmitate (EGCG-p) (45)
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This lipophilic compound proved to increase the effects of antimicrobial and antiviral
activity. EGCG-palmitate (EGCG-p) and EGCG-stearate (EGCG-S) are two types of
lipophilic, modified EGCG that are used instead of EGCG (44). L-EGCG was used against
herpes simplex-1 virus (HSV-1), in which L-EGCG had the ability to completely block
infectivity at a higher efficacy when compared to EGCG, and was also proven to have a
persistent protective effect for up to 48 hours (42).

11. Significance of EGCG and L-EGCG
Due to the unique properties of EGCG, many studies have been performed to test its
viability as a potential virucidal agent. For example, a study focusing on HCV infection
demonstrated that a concentration of EGCG could inhibit the early viral stages of HCV
infectivity by more than 90%. EGCG acted as an inhibitor, preventing the docking of the
virus to the cell surface, therefore disrupting the entry and replication of the virus (42). In
comparison, all other anti-HCV compounds do not inhibit cell entry, but rather target the
inhibition of viral RNA replication (46). With L-EGCG’s ability to inhibit viral attachment
to the cell, the compound provided great potential as a preventative strategy for HCV and
could minimize the need to utilize drugs that target the following step of replication within
the cell.
Another study reinforced EGCG’s virucidal ability, as it was observed to not only inhibit
enveloped viruses, but also non-enveloped viruses, such as adenovirus (2). EGCG was
considered important for its antiviral capacity because no compound at the time had been
identified that could inhibit attachment of both enveloped and non-enveloped viruses. The
study was performed by incubating cells in EGCG for 10 minutes or 1 hour. The cells were
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then washed, and the cell culture was infected for 1 hour. The results of the study are
presented in Figure 6.

Figure 6. Results showing EGCG's inhibition of enveloped and non-enveloped viruses. Hepatitis C (HCV),
rabies (VSV), influenza A (IAV), herps simplex virus 1 (HSV-1), and vaccinia virus (VACV) are
enveloped viruses. Reovirus (RV) and adenovirus (AdV) are non-enveloped viruses (2)

The EGCG directly prevented the virus from infecting the cell by inhibiting its attachment
to the cell surface. It was proposed that EGCG binds to a range of proteins, because of its
structure, therefore giving it the ability to bind to virion glycoproteins and ultimately
prevent the virus from attaching to cells (2).
Although in vitro studies have shown that EGCG possesses favorable effects for numerous
mechanisms such as cell functions and inhibition of viruses, EGCG shows limitation in its
therapeutic impact due several factors such as its poor system absorption. Under
physiological conditions, catechins are unstable and can be rapidly metabolized or
degraded; one study demonstrated that EGCG partially degraded before it reached the
target tissue (47). By modifying EGCG, the catechin expressed various improved effects
such as improved stabilization, enhanced membrane permeation and improvement of
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antioxidant activity (48). In particular, advances in antiviral studies showed that L-EGCG
could be potentially used as an inhibitor against hepatitis C virus (HCV) infectivity by
interfering with NS3/4A protease, an enzyme involved with maturation of the virus (49).
Results of the study showed that the lipophilic enhanced EGCG, in comparison to the
original EGCG molecule, exhibited higher antioxidant activities and increased binding
affinity to the protease enzyme leading to greater inhibition of HCV. Another study
evaluated the differences in antiviral activities of EGCG and its lipophilic derivative
EGCG-palmitate (EGCG-p) against porcine reproductive and respiratory syndrome
(PRRS), an enveloped RNA virus (50). The results of the study also showed that EGCG-p
exhibited a significantly higher inhibitory effect than EGCG against PRRS. Although
EGCG did show an inhibitory effect as well, it was only achieved at very high
concentrations which was attributed to the possibility of its poor chemical stability and
rapid decomposition within the experiment.
In comparison to other surface disinfectants both EGCG and L-EGCG have very minimal
toxicity if any. Unlike alcohol, both forms of EGCG does not evaporate within 20 seconds,
but if necessary, compounds containing EGCG can be dissolved with alcohol-based
formulas. Using this concept, it is possible to expand on alcohol’s potential as an
antimicrobial sanitizer or disinfectant and broaden its range to impact viruses such as
norovirus (51).
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II.

MATERIALS AND METHODS

A. EGCG-p formulations and other reagents
To obtain an EGCG-p compound for use in the study, EGCG-p was purchased from
Camellix, LLC, Evans, GA. Carbopol Ultrez 20 gelling agent was obtained from Voyageur
Soap and Candle Co (Surrey, BC Canada), and triethanolamine from Carolina Biological
Supplies (Burlington, NC).
Formulations called ProtecTeaV (PT) were created as a combination between alcoholbased gel formula and EGCG-p. The basic proprietary alcohol-based PT formulation (PT
0) contains 70% v/v ethanol USP, and the remaining 30% included deionized water and
gelling agents (Ultrez 20 and triethanolamine). The basic PT formulation was used to
prepare PT formulations containing different concentrations of EGCG-p; PT 0.1, 0.2 and
0.5 (% w/v). In this formulation, ethanol acts as a vehicle for EGCG-p.
In order to evaluate currently used methods of hand wash, commercially acquired Softsoap
Antiseptic Hand Wash (Colgate-Palmolive) was selected to represent liquid hand soap
(LHS). It contained sodium benzoate, citric acid, triclocarban, and detergent. The LHS was
diluted 5-fold with deionized water before use to mimic hand wash concentration.
Two antioxidants were also assessed to determine virucidal activity. Butylated
hydroxytoluene (BHT) and Vitamin E were acquired and dissolved in the alcohol-based
PT formulation (PT 0).
In addition to these test samples, 70% (v/v) alcohol and commercially acquired Clorox
bleach were used as experimental controls.
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B. Cell culture
1. FCWF cells
FCWF cells (CRL-2787), a macrophage like cell line from feline fetus tissue, were
purchased from American Type Culture Collection (ATCC, Manassas, VA). FCWF cells
were maintained in a 75 cm2 tissue culture flask with Eagle’s Minimum Essential Medium
(EMEM) containing 10% fetal bovine serum (FBS) and 1% antibiotics (Penicillin
Streptomycin Solution) at 37°C with 5% CO2. The cells were maintained at a cell
concentration between 2 x104 and 1 x 105 cells/cm2 with the EMEM medium being
renewed two to three times weekly. Once the FCWF cells reached 80% - 90% confluency,
they were harvested by removing the culture medium and rinsing the cell layer with 0.25%
(w/v) Trypsin- 0.53 mM EDTA solution (3-5ml) purchased from Life Technologies, CA.
After the rinse was removed, another 2 mL of Trypsin- 0.53mM EDTA solution was added
to the flask for 5 to 15 minutes to allow the cells to detach from the flask surface.
Approximately 8 mL of EMEM was added to the flask and the cell suspension was
collected to be sub-cultured in 96-well tissue culture plates. Each well in the culture plate
was distributed 0.1 mL of the cell suspension. After the cells have been distributed into the
plates, they were incubated for 24 hours before they could be applied for experimental use.
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Figure 7. 10x magnification image of FCWF cells at 80% confluency. The cells appear spindle in shape

2. RAW264.7 cells
RAW264.7 cells (TIB-71) is also a macrophage-like cell line that was purchased from the
American Type Culture Collection (ATCC, Manassas, VA). These cells were derived from
leukemia virus-induced tumor tissues of Balb/c mice. RAW264.7 cells were maintained in
75 cm2 tissue culture flask with Dulbecco’s Modified Eagle Medium (DMEM) containing
10% FBS and 1% antibiotics (Penicillin Streptomycin Solution) at 37°C with 5% CO2. The
cells were grown to a density of 1 x 103 cells in 10 mL of media and maintained to reach a
confluency of 60 - 80%. DMEM was renewed two to three times weekly. Once the
RAW264.7 cells reached confluency, they were harvested by removing the cell medium
and rinsed with Dulbecco’s Phosphate Buffered Saline (PBS) purchased from Life
Technologies, CA. After the cells were rinsed, the PBS was removed and 2 mL of Trypsin0.53mM EDTA solution was added to the flask to allow the cells to detach from the flask
surface. Due RAW264.7 cells difficulty to lift off from the surface of the flask, a cell
scraper was used to help scrape the cells off the surface. After the cells were lifted from
the flask surface, 8 mL of DMEM was added to the flask and the cell suspension was
25

collected to be sub-cultured in 96-well tissue culture plates. Each well in the culture plate
was distributed 0.1 mL of the cell suspension. After the cells have been distributed into the
plates, they were incubated for 24 hours before they could be applied for experimental use.

Figure 8. 10x magnification image of RAW 264.7 cells at 80% confluency. The cells are round.

C. Viral propagation
The norovirus surrogates, feline calicivirus (FCV) and murine norovirus-1 (MNV-1), were
purchased from American Type Culture Collection (ATCC, Manassas, VA). However, in
order to ensure optimal infectivity, the viruses were propagated in the laboratory, to achieve
a higher number of viral particles.
For FCV propagation, FCWF cells were first cultured in 75 cm2 tissue culture flasks and
grown for 24-48 hours until they were 90% confluent. The target multiplicity of infection
(MOI) was 0.1 plaque forming unite (PFU) of virus per cell which was prepared by diluting
a titered virus suspension in HBSS. The growth media was removed and 10 mL of HBSS
was used to rinse the cell monolayer before 3 mL of the diluted viral suspension was added
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to the surface of the cell monolayer. The cells incubated with the viral suspension for an
hour in 37°C and 5 % CO2 with gentle rocking of the flask every 10 minutes. After the
elapsed hour, 9 mL of EMEM was added to the flask and further incubated for 24 hours in
37°C and 5 % CO2. The cells were then examined under a microscope for cytopathic effect
(CPE) which was indicated by round cells floating in the medium. When 80% of the cells
showed CPE, the flask was frozen at -80°C for 45 minutes then thawed at room temperature
for 15 minutes. This step repeated for a total of two freeze/thaw cycles which was then
followed by centrifugation at 400 x g for 20 minutes. The supernatant was collected,
filtered through a 0.22 µm filter, and dispensed into cryogenic vials of 1 mL aliquots. From
this point, the viral particles could be used for experimental purposes after the titer was
determined through TCID50 assay, or frozen at -80°C for storage and later use.
MNV-1 propagation followed the similar steps as FCV propagation. RAW264.7 cells were
cultured in 75 cm2 tissue culture flasks and grown for 24-48 hours until they were 80%
confluent. Due to MNV-1’s ability to achieve high titers of 107 or 108, a low- MOI was set
at 0.01 PFU per cell. A titrated viral suspension of 3 mL in HBSS was added to the cell
layer following the removal of the growth media and 10 mL HBSS rinse. The cells
incubated with the viral suspension for an hour in 37°C and 5 % CO2 with gentle rocking
of the flask every 10 minutes. After the elapsed hour, 9 mL of DMEM was added to the
flask and further incubated for 24 hours in 37°C and 5 % CO2. The cells were then examined
under a microscope for cytopathic effect (CPE) which was indicated by shrunken cells
floating in the medium. When 80% of the cells showed CPE, the flask was frozen at -80°C
for 45 minutes then thawed at room temperature for 15 minutes. This step repeated for a
total of two freeze/thaw cycles which was then followed by centrifugation at 1000 x g for
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5 minutes. The supernatant was collected, filtered through a 0.22 µm filter, and dispensed
into cryogenic vials of 1 mL aliquots. From this point, the viral particles could be used for
experimental purposes after the titer was determined through TCID50 assay, or frozen at 80°C for storage and later use

D. Viral Titer
In order to evaluate the potency of the virus and determine the lowest concentration at
which the virus infects the cell, viral titers were produced. The viral titer was created by
making a series of dilutions at 1:10 of the virus sample. Initially, 50 μL of viral suspension
was added to 450 μL of appropriate cell media. Then, 100 μL from the initial mix was
taken and added to another tube that has been filled with 900 μL of cell media. This step
was repeated through a series of tubes until the predetermined dilution factor was achieved.
Once the dilutions were created, they were distributed into a prepared well plate cultured
with the appropriate cells. The well plate was then be incubated for 48 hours, before it was
observed for CPE.

E. Suspension Assay
Before persistence tests could be performed, EGCG-p was evaluated for virucidal activity
against norovirus surrogates in suspension tests. In order to determine the lowest effective
dose response of EGCG-p to the norovirus surrogates, three different concentrations of
EGCG-p were tested. The alcohol-based gel formulation was mixed with 0.1%, 0.2% and
0.5% of EGCG-p. A 70% alcohol-based gel without EGCG-p, liquid hand soap, bleach,
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vitamin E, and BHT followed the same evaluating procedures for virucidal activity. In a
centrifuge tube, 50 µL of the virus was directly added and mixed with 450 µL of the test
sample for 60 seconds. The sample was then neutralized by taking 100 µL of the mix and
adding it to 900 µL of HBSS media therefore creating the second 10x dilution (10-2 viral
dilution). This step was continued to form a series of dilutions up to 10-8 and once
completed, the dilutions were loaded into well plate prepared with pre-confluent cells.
After an hour of incubation, each well was replaced with new media (EMEM for FCWF
cells and DMEM for RAW264.7 cells) and then left to incubate for 48 hours prior to
observation for CPE via TCID50 assay.

F. Persistent residue activity application
To the center surface of a culture dish, 450 µL ProtecTeaV gel containing EGCG-p
concentrations was applied directly to the entire dish surface. All dishes were air-dried in
room temperature under a level 2 safety cabinet in the inverted position without a lid for
45, 120, 240, and 720 minutes. Subsequently, the surface of the dishes were rinsed with
450 µL of 70% alcohol and then collected in a tube. A viral suspension of 50 µL was added
to the tube and mixed for 60 seconds. Then, 100 µL of the mix was collected and added to
900 µL of media for a series of 10-fold dilutions. Figure 8. shows an example of how test
sample dilutions were distributed into a 96 well plate. After an hour of incubation, each
well was replaced with new media and then left to incubate for 48 hours before it was
examined for cytopathic effect (CPE).
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Figure 9. Example of how various samples and dilutions were distributed in a 96 well plate. The darker,
black lines indicate the different section used for each test sample

G. TCID50 assay
After the 48 hours of incubation, the cell wells were removed and examined under a light
microscope for presence of CPE. The chart in Figure 9 shows how wells were marked for
either positive or negative results of CPE. Figure 10 and 11 shows how a well is determined
as positive or negative depending on what type of cell was being observed.
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A

B

A

C

Figure 10. Image of FCWF non-CPE well (A) in comparison to a CPE well (B) at 4x magnification under a
light microscope. Image C shows a well that is considered negative even if it shows some signs of CPE
(identified by white arrows)

A

B

Figure 11. Image of RAW 264.7 non-CPE well (A) in comparison to a CPE well (B) at 4x magnification
under a light microscope.
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If the entire well shows FCWF cells grouping to form clumps, then it was considered
positive; however, if none or only a few cells around the perimeter of the well show CPE,
then was considered as negative. Rather than forming clumps, the cells of RAW 264.7
separated into smaller, deformed cells and become afloat in the medium. Only if the entire
well shows CPE, then would have been considered positive. Once each well was verified
as either positive or negative for CPE, the results were then inserted and calculated by the
Reed-Muench method software for statistical analysis (52). The Reed-Muench method,
shown in Figure 12, required only initial starting dilution, dilution factor, volume within
each well, number of wells used for each dilution, and the amount of positive or negative
CPE results.

Figure 12. The Reed & Muench method used in the TCID50 assay to measure the infectious virus titer (53)

Once the data was inserted into the program, the TCID50 result was given as a natural log
which was then converted to a scale of log10. The result of the TCID50 assay shows the
dilution at which 50% of the virus was needed to infect the cells.
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H. Statistical analysis
Statistical analyses were performed using Prism 6.0 (GraphPad Software). For ANOVA,
normality was assumed, and homogeneity of variance tested using the Brown-Forsythe test.
Alpha was 0.05. Tukey’s multiple comparisons test was used for one-way ANOVA group
comparisons, and Sidak’s multiple comparisons test for two-way ANOVA. One-sample ttests (without Bonferroni correction for multiple tests) were used to compare group mean
log10 reductions to fixed values (4.0 or 0.0).
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III.

RESULTS

Figure 13 and 16 in the following section have already been published in the American
Journal of Infection Control as of June 2018 under the research article name “Persistent
Virucidal Activity in an Alcohol-Based Sanitizer Formula (ProtecTeaV) for Potential Use
against Norovirus” (54). For the purpose of this thesis, data pertaining to the specific aims
will only be covered.
A. Suspension assay
1. Feline calicivirus
The first test was performed to compare the virucidal activity of all the ProtecTeaV (PT)
formulations and other sanitizer samples against feline calicivirus (FCV). Any substrate
that demonstrated a ≥ 4 log10 reduction or higher of FCV infectivity met or even exceeded
the qualifications required to be accepted as a virucidal sanitizer by international
standards for norovirus claims.
As shown in Figure 13, all the formulas of PT containing EGCG-p (from 0.1 to 0.5%
w/v) demonstrated virucidal activity against FCV exceeding the ≥ 4 log10 reduction
requirements. One-way ANOVA was used to show the significant difference between the
groups (p<0.001). PT 0.5 showed the highest virucidal reduction (5.71 log10) in
comparison to the other concentrations of PT at 0.1 and 0.2 (4.37 log10 and 4.94 log10
respectively). PT 0 (0.99 log10) which contained no concentration of EGCG-p showed a
low virucidal reduction that showed no significant difference to 70% alcohol (0.45 log10;
p=0.15).
The other treatments (70% alcohol control, BHT, Vitamin E, and LHS) did not reach the
≥ 4log10 reduction and therefore did not express virucidal activity as required by the
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international standard. Clorox, the positive control, showed no virucidal activity as it
effectively terminated both the FCV and FCWF cells. In comparison, the 70% alcohol
showed no significant difference from LHS (0.25 log10; p=0.50). BHT and vitamin E
could not be measured as both the FCV and FCWF cells were terminated, similarly to the
results of Clorox therefore suggesting the cytotoxic effects of these antioxidants. Figure
14 displays the effects of Clorox on the cells. PF and PA were two commercialized
alcohol hand sanitizers utilized as a comparison in the published article.

Figure 13. Feline calicivirus (FCV) suspension test treated with ProtecTeaV formulations of EGCG-p and
other treatment samples. (n= 2-4 replicated independent experiments for each treatment) (54)
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Figure 14. Image of FCWF cells at 4x magnification under light microscope where (A) shows healthy cells
at 80% confluency while (B) shows the well of dead FCWF cells that were treated with Clorox at a 10 3
dilution. The well lacks both healthy cells and effects of CPE

2. Murine norovirus-1
As shown in figure 15, the results show the various EGCG-p formulations and other
treatments for virucidal activity against murine norovirus-1 (MNV-1). Only PT 0.5
(4.57 log10), the highest alcohol-based EGCG-p concentrated formula, was able to
reach the international standard of virucidal activity against the norovirus surrogate.
The other alcohol-base formulations with EGCG-p concentration at 0, 0.1, and 0.2 did
not meet the international standard for norovirus claims (1.86 log10, 2.58 log10, 2.50
log10 respectively). One-way ANOVA was used to compare the values of the treatments.
BHT (1 log10) and vitamin E (0.17 log10) showed minimal log10 reduction values of
virucidal activity and showed no significant difference between the two samples (p=
0.49). In comparison, 70% alcohol (3.5 log10) showed high virucidal log10 reduction
values. The analysis tests show that 70% alcohol showed no significant difference from
PT 0.1, 0.2, 0.5 and LHS (p=0.11, p= 0.08, p=0.33 and p=0.09 respectively) yet was
significantly different from PT 0 (p= 0.009). Clorox, the positive control, showed no
virucidal activity as it effectively terminated both the MNV-1 and RAW264.7 cells
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Figure 15. Murine norovirus-1 (MNV-1) suspension test treated with ProtecTeaV formulations of EGCG-p
and other treatment samples. * = No CPE observed (n=2-3 replicated independent experiments for each
treatment)

B. Persistence residue activity
1. Feline calicivirus
Results of the potential persistent virucidal effects of ProtecTeaV formulations against
FCV are shown in Figure 16. Only the alcohol-based formula of ProtecTeaV with no
EGCG-p (PT 0) and EGCG-p with lowest effective dose response (PT 0.1) were chosen to
be evaluated based on the results of the suspension tests. A two-way ANOVA analysis was
used to evaluate the results. The treatment of PT 0.1 showed it held a persistent residual
virucidal activity for up to nearly 12 hours maintaining a reduction value of 3.56 log 10 at
the final time point. In comparison, PT 0 which lacked any EGCG-p concentrations,
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showed a similar trend yet at a lower virucidal activity threshold. PF, the commercialized
alcohol hand sanitizer, Foam 0 and Foam 0.2 were other treatments utilized in the
experiment and was covered in the published research article.

Figure 16. Persistent residual activity of ProtecTeaV formulations against FCV. (n= 2-4 independent
replicated experiments) (54)

2. Murine norovirus-1
Results of the potential persistent virucidal effects of ProtecTeaV formulations with
EGCG-p against MNV-1 are shown in Figure 17. For this study, only the ProtecTeaV
formulation with the lowest effective dose of EGCG-p was chosen to be evaluated
based on the results of the suspension tests (PT 0.5). A two-way ANOVA analysis was
used to evaluate the results. MNV-1 was difficult and inconsistent showing virucidal
activity past the 2-hour point. The results did not show that ProtecTeaV 0.5 was able
to reach the international virucidal standard over the course of the experimentation. The
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virucidal activity of PT 0.5 was only expressed at 2 hours, 4 hours and 12 hours at
values of 0.42, 0.79 and 0.58 log10 reduction of virucidal activity respectively.

Figure 17. Persistent residual activity of ProtecTeaV formulation against MNV-1. (n=3 independent
replicated experiments)
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IV.

DISCUSSION

Norovirus is a non-enveloped virus that continues to be the cause of global outbreaks
contributing to hundreds of deaths and the loss of billions in terms of healthcare costs and
productivity. The CDC just recently reporting that in 2019 there was a total of 629 total
outbreaks observed in 12 states. The number of outbreaks from 2019 still remain in range
of previously reported outbreaks over the past 6 years (55). Clearly, norovirus remains
uncontrolled due to the relative lack of ineffective measures at our disposal, most notably
in hand hygiene methods. Hand washing with soap and water may be the recommended
method of hand hygiene prevention as recommended by the CDC, but unfortunately, there
remains a huge gap for readily available alcohol-based hand sanitizers that could be
effective against norovirus. The search for a novel approach against norovirus outbreaks
has led to modified EGCG (L-EGCG), specifically epigallocatechin-3-gallate-palmitate
(EGCG-p). Although the green tea extracted compound is still being studied, it has proven
to be a potential antiviral agent and may possibly help expand the current limited
preventative measures against norovirus.
Based on the results of this study, alcohol-based ProtecTeaV formulations containing
EGCG-p demonstrated virucidal activity against both norovirus surrogates. The virucidal
activity of EGCG-p as an alcohol-based sanitizer was consistent in the suspension studies
against FCV achieving a ≥4 log10 reduction of viral infectivity with all formulations
containing EGCG-p (0.1, 0.2, 0.5). This virucidal activity was further observed as a
persistent residual effect in the persistence studies. Only ProtecTeaV with an EGCG-p
concentration of 0.1, as it showed the lowest effective dose during the suspension tests,
was evaluated in the persistence study against FCV and the formulation showed a high
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virucidal activity for up to 12 hours. The formulation of ProtecTeaV without EGCG-p (PT
0) was also used to compare the persistent effects of the alcohol-based sanitizer, but as
expected, the criteria to meet the international standard was not achieved demonstrating
that EGCG-p does possess both a virucidal effect and the potential to persist as a virucidal
active agent over a period of time.
In comparison, the other treatments representing current available hand hygiene methods,
such as liquid hand soap and 70% alcohol, showed minimal virucidal activity in vitro
during the suspension tests demonstrating that the available methods for hand hygiene are
not enough to deactivate or destroy the virus. Although washing your hands with soap and
water is the recommended preventative measure by the CDC, the method has little impact
on the virus unless the viral particles are physically washed away with proper washing
methods and access to water. BHT and vitamin E, two antioxidants utilized as a comparison
to EGCG-p’s antioxidant qualities, showed no virucidal activity as the cells were
effectively killed therefore allowing no way to observe for the presence of CPE. The
cytotoxic effects of BHT and vitamin E were the same as the positive control, Clorox,
which as expected, exhibited a cytotoxic effect on the cells.
In contrast to FCV, MNV-1 proved to be more difficult to evaluate the virucidal activity
of EGCG-p in alcohol-based ProtecTeaV formulations. In the suspension tests, virucidal
activity was achieved according to the international standards for virucidal claims, but only
at the highest concentration of EGCG-p (0.5) in the alcohol-based ProtecTeaV formula.
The other formulations of ProtecTeaV formulations containing various concentrations of
EGCG-p (0.1) did not achieve the virucidal standard demonstrating that murine norovirus
is more resistant than FCV to the effects of EGCG-p and requires higher concentrations of
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to observe a decrease in viral infectivity. An interesting result during the suspension study
was the virucidal activity observed in 70% alcohol. Treatment by 70% alcohol showed
higher log10 reduction values than the lower concentration of EGCG-p in ProtecTeaV (0.1,
0.2). As stated by other sources, this could possibly be attributed to the alcohol
susceptibility of MNV-1. Even ProtecTeaV 0 which lacks EGCG-p but contains an alcohol
base showed some virucidal activity thus contributing to the notion of MNV-1’s
vulnerability. Importantly, the effects observed from these results can support the necessity
of EGCG-p in correlation with an alcohol base as both components exhibit an effect on
decreasing viral infectivity therefore lending to the idea that both combined effects will
have a greater potent effect on MNV-1.
From the remaining results of the study, a virucidal residual effect was not observed in the
persistency assessment against MNV-1. In line with the results of the suspension test, only
ProtecTeaV 0.5 was utilized to observe for persistence over time as it was the only
treatment that was able to reach the virucidal standard. Unfortunately, PT 0.5 was not able
to achieve the required virucidal standard and showed low reduction of viral infectivity
after the elapsed time it was set out to dry before it was applied to a viral suspension. The
results can possibly be attributed to how the formulation was collected from dish surface
by reconstitution or perhaps to MNV-1’s more durable nature in comparison to FCV.
Further evaluation attempting different methods of collection or application against the
norovirus surrogate would be necessary to fully evaluate the potential of a persistent
residual virucidal effect.
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V.

CONCLUSION AND FUTURE DIRECTION

In conclusion, alcohol-based ProtecTeaV formulations containing EGCG-p successfully
qualified as a product that possesses virucidal activity against norovirus surrogates
according to international virucidal standards for hand hygiene methods. In addition to
EGCG-p’s virucidal capacity, a persistent virucidal residual effect was observed against
FCV signifying the potential use of alcohol-based ProtecTeaV formulation over an
extended period of time. For the first time, a non-toxic, environmentally friendly, plant
derived compound in an alcohol-based hand sanitizer was able to meet the international
virucidal standard criteria against norovirus.
We are pleased to announce that the foundation built by this research has contributed to
the next stage of this project which aims to finalize a sanitizer formulation that meets other
test standards before commercialization of the product. The effort is being funded by a $1.5
million grant provided by the National Institute of Allergy and Infectious Diseases (NIH)
and is currently in its prototype stages of development where it is being tested by
laboratories in compliance with Good Laboratory Practice (GLP), as 3rd party testing
facilities. The EGCG-p based spray and wipes have passed the EPA norovirus standards
and we expect the hand sanitizer formula also passed the EU 14476 test standards.
In addition to norovirus, we believe that the alcohol-based ProtecTeaV formulations could
be very effective against the viral strain SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) which has been the cause of the current viral pandemic COVID-19
(coronavirus disease 2019). Coronavirus is easily spread through close person-to-person
contact, similarly to norovirus, however coronavirus differs as it primarily spreads via
respiratory droplets produced from coughing or sneezing (56). The main similarity between
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the two viruses is that there are no vaccines available thus preventative measures are the
best method to avoid being exposed to the virus. One of the CDC’s main recommendations
to prevent coronavirus is proper hand hygiene including washing hands with soap and
water and the use of hand sanitizers containing at least 60% alcohol. Unlike norovirus,
coronaviruses are enveloped viruses making them susceptible to alcohol allowing them to
be easily inactivated due to their structure (57). Recent emergence of evidence has proven
this point showing successful inactivation of SARS-CoV-2 when tested against alcoholbased disinfectants (58). Therefore ProtecTeaV, an alcohol-based hand sanitizer that has
proven to be effective against the more durable and resistant non-enveloped viruses
(poliovirus and norovirus) should prove to be highly effective in inactivating and killing
enveloped viruses such as SARS-CoV-2.
It is our hope that this line of products containing EGCG-p can be added to the preventative
hand hygiene and disinfectant measures against norovirus and even other viral pandemics
such as SARS-CoV-2. This product holds the potential to significantly reduce transmission
of enveloped and non-enveloped virus which would considerably impact the series of
outbreaks and help reduce burden of cost within the food, entertainment and the healthcare
industry.
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VI.
•

SUMMARY

Norovirus is the leading cause of global gastroenteritis outbreaks burdening
healthcare and productivity at an estimated $60 billion

•

We aimed to determine the efficacy of novel formulations containing EGCG-p on
human norovirus surrogates, FCV and MNV-1

•

Using the international EN 14476 methods for determining virucidal activity of an
in vitro hand hygiene product, we identified that alcohol-based formulations
(ProtecTeaV) containing EGCG-p reached the required ≥4 log10 reduction criteria
against FCV and MNV-1

•

EGCG-p exhibited persistent virucidal residual activity against FCV for up to 12
hours

•

Liquid hand soap, BHT, vitamin E and 70% alcohol had little to no effect in terms
of virucidal activity against FCV

•

EGCG-p possesses the potential as the first, virucidal, non-toxic hand sanitizer
that could potentially eliminate the transmission of norovirus outbreaks
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