WestVirginiaUniversity
THE RESEARCH REPOSITORY @ WVU

Faculty & Staff Scholarship

2016

Effect Of Leaf Surface Chemical Properties On Efficacy Of
Sanitizer For Rotavirus Inactivation

Miyu Fuzawa

Kang-Mo Ku

Sindy Paola Palma-Salgado
Kenya Nagasaka

Hao Feng

See next page for additional authors

Follow this and additional works at: https://researchrepository.wvu.edu/faculty_publications

Digital Commons Citation

Fuzawa, Miyu; Ku, Kang-Mo; Palma-Salgado, Sindy Paola; Nagasaka, Kenya; Feng, Hao; Juvik, John A ;
Sano, Daisuke; Shisler, Joanna L.; Nguyen, Thanh H.; and Dudley, E. G., "Effect Of Leaf Surface Chemical
Properties On Efficacy Of Sanitizer For Rotavirus Inactivation" (2016). Faculty & Staff Scholarship. 514.
https://researchrepository.wvu.edu/faculty_publications/514

This Article is brought to you for free and open access by The Research Repository @ WVU. It has been accepted
for inclusion in Faculty & Staff Scholarship by an authorized administrator of The Research Repository @ WVU. For
more information, please contact researchrepository@mail.wvu.edu.


https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/faculty_publications
https://researchrepository.wvu.edu/faculty_publications?utm_source=researchrepository.wvu.edu%2Ffaculty_publications%2F514&utm_medium=PDF&utm_campaign=PDFCoverPages
https://researchrepository.wvu.edu/faculty_publications/514?utm_source=researchrepository.wvu.edu%2Ffaculty_publications%2F514&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:researchrepository@mail.wvu.edu

Authors

Miyu Fuzawa, Kang-Mo Ku, Sindy Paola Palma-Salgado, Kenya Nagasaka, Hao Feng, John A. Juvik,
Daisuke Sano, Joanna L. Shisler, Thanh H. Nguyen, and E. G. Dudley

This article is available at The Research Repository @ WVU: https://researchrepository.wvu.edu/faculty_publications/
514


https://researchrepository.wvu.edu/faculty_publications/514
https://researchrepository.wvu.edu/faculty_publications/514

&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

AEM Accepted Manuscript Posted Online 12 August 2016
Appl. Environ. Microbiol. doi:10.1128/AEM.01778-16
Copyright © 2016, American Society for Microbiology. All Rights Reserved.

10
11
12
13
14

15

16

17

18

19

20

21

22

23

24

Effect of Leaf Surface Chemical Properties on the Efficacy of Sanitizer for Rotavirus

Inactivation

Miyu Fuzawa®, Kang-Mo Ku®, Sindy Paola Palma-Salgado®, Kenya Nagasaka®, Hao Feng’, John

A. Juvik®, Daisuke Sano', Joanna L. Shisler®, Thanh H. Nguyen®#

Department of Civil and Environmental Engineering, College of Engineering’ University of
Illinois at Urbana-Champaign, Urbana, Illinois, USA?; Division of Plant and Soil Sciences,
Davis College of Agriculture, Natural Resources and Design, West Virginia University,
Morgantown, Virginia, USA®; Department of Food Science and Human Nutrition, College of
Agricultural, Consumer and Environmental Sciences’, Department of Microbiologyd,
Department of Crop Science, College of Agricultural, Consumer and Environmental Sciences®,
University of Illinois at Urbana-Champaign, Urbana, Illinois, USA; Division of Environmental

Engineering, Faculty of Engineering, Hokkaido University, Sapporo, Japan"

Running Title: Inactivation of viruses with food sanitizers

#Corresponding author: Department of Civil and Environmental Engineering

College of Engineering, University of Illinois at Urbana-Champaign

3213 Newmark Civil Engineering Laboratory
205 N. Mathews Ave.
Urbana, IL 61801

Tel: (217)-244-5965

1sanb Aq 8T0Z ‘9z Jeqwaldas uo /610 wse wak//:dny wolj papeojumoq


http://aem.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

ABSTRACT

The use of sanitizers is essential for produce safety. However, little is known about how
the sanitizer efficacy varies with respect to the chemical surface properties of produce. To
answer this question, the disinfection efficacy of an oxidant-based sanitizer and a new surfactant-
based sanitizer for porcine rotavirus strain OSU (PRV) was examined. PRV was attached to the
leaf surfaces of two kale cultivars with high epicuticular wax content, and one cultivar of endive
with low epicuticular wax content and then treated with each sanitizer. The efficacy of the
oxidant-based sanitizer correlated with leaf wax content as evidenced in 1-log;o PRV disinfection
on endive surfaces (low wax content) and 3-log; disinfection with the cultivars with higher wax
content. In contrast, the surfactant-based sanitizer showed similar PRV disinfection efficacies
(up to 3-log;o) independent of the leaf’s wax content. A statistical difference was observed with
disinfection efficacies of the oxidant-based sanitizer for suspended and attached PRV, while the
surfactant-based sanitizer showed similar PRV disinfection efficacies. A significant reduction of
entry and replication of the PRV was observed after treatment with either disinfectant. Moreover,
the oxidant-based sanitizer-treated PRV reduced sialic-acid specific binding to the host cells,
whereas the surfactant-based sanitizer increased non-specific binding of PRV to the host cells.
These findings suggest that the surface properties of fresh produce may affect the efficacy of
virus disinfection, implying that food sanitizers should be carefully selected for different surface
characteristics of fresh produce.

IMPORTANCE

Food sanitizer efficacies are affected by the surface properties of vegetables. This study

evaluated disinfection efficacies of two food sanitizers, oxidant-based sanitizer and surfactant

based-sanitizer, on porcine rotavirus strain OSU adhering to leaf epicuticular surfaces of high
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wax and low wax content cultivars. The disinfection efficacy of the oxidant-based sanitizer was
affected by the surface properties of vegetables, while the surfactant-based sanitizer was
effective for both high and low wax leafy vegetable cultivars. This study suggests that the
surface properties of vegetables may be an important factor interacting with the disinfection of
rotaviruses adhering to fresh produce with food sanitizers.

INTRODUCTION

There were 48 million reported annual incidents of foodborne illness in the United States,
from 2000 to 2008 [1-3]. Of these incidents, 128,000 cases required hospitalization and 3,000
resulted in death [1-3]. The annual cost associated with foodborne illness, including human
morbidity and mortality, is estimated to range between $14.1- 152 billion [4-6].

Viruses including norovirus and rotavirus cause foodborne outbreaks, especially due to
their persistence in the environment and their low infectious doses (10 — 100 particles) [7, 8].
Murine norovirus, Tulane virus, and sapovirus have been found to attach to the surface of or
within the tissues of romaine lettuce and strawberries [9-13], suggesting that pre-harvest viral
contamination is a public health concern. To reduce the incidence of viral foodborne illness
caused by contaminated produce, it is essential to understand environmental and agricultural
factors that control the stability and therefore infectivity of foodborne viruses.

There are several conditions where fresh produce can become contaminated with viral
pathogens. This may occur during the pre-harvest period, when plants come into contact with
contaminated irrigation water or runoff [14-16]. Typically, fresh produce is stored at around
4 °C to maintain post-harvest shelf life and prevent bacterial growth. However, this condition is
favorable for stability of various types of viruses [7, 17, 18]. In addition, the chemical

composition, surface roughness, and hydrophobicity of fresh produce also play an important role
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in virus adhesion to produce surfaces [19-22]. For example, the presence of wax crystals on the
cuticular surface of 24 vegetable cultivars was found to reduce rotavirus adhesion [20].
Moreover, rotavirus particles attached to the surfaces of these 24 cultivars persisted even after
washing with phosphate buffer saline [20]. A similar trend was observed with hepatitis A virus
adsorption to lettuce, fennel, and carrots washed with potable water [23]. These findings
emphasize the importance of the disinfection practice for fresh produce.

The current sanitation treatments employed in the food industry may not effectively
inactivate viruses that have adsorbed to fresh vegetables [24-27]. Chlorine-based sanitizers are
the most commonly used sanitizer in the food industry. However, chlorine is consumed by
organic matter present on produce, which may result in unstable disinfection efficacy [28]. These
shortcomings motivate the development of alternative sanitation methods, using non-chlorine
based sanitizers [29-31], ozone [24, 32], ultrasound [33, 34], heat [35, 36], cold atmospheric
gaseous plasma [26], and electron beam [37]. However, it remains unclear how the non-chlorine
chemical sanitizers inactivate viruses on fresh produce.

To fill this research gap, this study aimed (i) to determine the efficacy of a surfactant-
based and an oxidant-based food sanitizer on rotaviruses adhering to the surfaces of three fresh
vegetables with different epicuticular wax composition; and (ii) to identify which stage of the
rotavirus replication cycle was inhibited by the sanitizers. Two cultivars with high wax crystals
(‘Red Russian’ and ‘Stabor’ kales) and a cultivar with low wax content (‘Totem’ Belgian endive),
as characterized by our previous study [20], were selected. Tsunami®100, an oxidant acid-based
food sanitizer authorized by EPA and potentially stronger disinfectant than chlorine [38, 39], and
another sanitizer, a mixture of malic acid with TDS were chosen because their disinfection

efficacy on viruses remains unclear. We chose rotavirus as our model virus because it is a major
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cause of gastroenteritis worldwide, especially in children under five years old [40]. Although
rotavirus vaccines have been used worldwide, rotavirus has been frequently detected in treated
wastewater, river water, and fresh produce [8, 41-43]. A better understanding of the survival of
foodborne viral pathogens adhering to fresh produce will improve disinfection strategies for
fresh produce to prevent foodborne illness.
MATERIALS AND METHODS

Sanitizers

An oxidant-based sanitizer (Tsunami 100®) was purchased from Ecolab (Saint Paul, MN).
Ingredients of a new surfactant-based sanitizer, malic acid and thiamine dilauryl sulfate (TDS)

were purchased from Sigma Aldrich (St. Louis, MO) and Sanigen Co. Ltd. (Juam dong, Korea),

respectively. Vibrio cholerae neuraminidase was purchased from Sigma Aldrich (St. Louis, MO).

Greenhouse production of leafy vegetables

In this study, ‘Red Russian’ kale (Brassica napus; total leaf wax concentration: 81.3 +
3.7 ug/em?®) and ‘Starbor’ kale (Brassica oleracea; total leaf wax concentration: 78.4 + 1.4
ug/cm?) were chosen as cultivars with high epicuticular wax concentrations. ‘Totem’ Belgian
endive (Cichorium intybus; total leaf wax concentration: 6.3 + 0.2 pg/cm?) was chosen as a
cultivar with low epicuticular wax content [20]. All three plants were grown in the greenhouse as
previously described [20]. Greenhouse conditions were consistently maintained throughout the
study so that replicated samples of produce could be obtained over a period of months. All seeds
were purchased from Johnny’s Selected Seeds (Winslow, ME). Seeds of each cultivar were
germinated in 32-cell plant plug trays filled with Sunshine LC1 (Sun Gro Horticulture,
Vancouver, British Columbia, Canada) professional soil mix. Seedlings were grown in a

university greenhouse under a 25 °C/17 °C and 14 h/10 h: day/night temperature regimen with
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supplemental lighting. The greenhouse is disinfected regularly, affording vegetable growth
without substantial microbial contamination that may be detrimental to the plants. Twenty days
after germination, seedlings were transferred to 4 L pots. Leaf tissues from each type of plant
were harvested 50-65 days after sowing seeds. Leaves from median internodes from each leafy
vegetable were harvested at market maturity for analysis.
Cell culture and rotavirus

Porcine rotavirus strain OSU (PRV) was used in this study due to the structure of its outer
protein being similar to human rotavirus strain Wa, and its stability in the environment [44].
PRV was propagated in the monkey MA104 cell line was purchased from ATCC and maintained
at 37 °Cin a 5 % CO; incubator with minimal essential medium (MEM) with 10 % fetal bovine
serum (FBS). PRV was propagated using confluent cells in a 150 cm? flask and cell were washed
by pre-warmed serum-free MEM three times as recommended [45]. PRV was activated with
trypsin at a final concentration of trypsin 10 ug/mL for 30 min at 37 °C. Following dilution by
serum-free MEM, trypsin-activated rotavirus solution was added to these confluent cells. After
the incubation at 37 °C for 60 min in a 5 % CO; incubator, the viral solution was aspirated and
washed by serum-free MEM twice. Then, serum-free MEM was added into the flask and
incubated for 4-5 days at 37 °C without the presence of trypsin until most of the cells were
detached. After this propagation step, rotavirus solution was sequentially frozen at -80 °C and
thawed three times. Rotavirus solution was centrifuged at 1,000 x g for 10 min at room
temperature and filtered through a 0.45 uM pore size filter to remove the cell debris. After this
step, MEM was removed from the virus stock by filtering the virus suspension through a 100

kDa ultrafiltration membrane as described previously [44]. Rotavirus was re-suspended in 1 mM
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NaCl + 0.1 mM CaCl; and stored at 4 °C for up to 4 weeks. Virus titers were quantified by using
the FFU assay, as previously described [46].
Focus forming unit (FFU) assay

Trypsin-activated PRV stock was serially diluted with serum-free MEM. Next, PRV
aliquots were applied to MA104 cellular monolayers in a 96-well plate and incubated at 37 °C
for 30 min in a 5 % CO; incubator. Virus was aspirated and each well was washed twice using
serum-free MEM. A final 50 pL of serum-free MEM was added to each well and the plates were
incubated at 37 °C for 18 h in a 5 % CO; incubator to allow viruses to replicate.

Next, the media were removed from each well and cells were fixed by adding 100 pL of
9:1 methanol: glacial acetic acid per well and incubated for 2 min. 100 pL 70 % ethanol was
added into each well and incubated for 5 min to rehydrate cells, before adding 100 pL 50 %
ethanol and incubating for another 5 min. Endogenous peroxidase activity was quenched by
adding 50 pL 3 % H,O; in wash buffer (96 mM TRIS-HCI, 350 mM NacCl, 29 mM TRIS-Base,
and 0.25 % Triton X-100) per well and incubated for 10 min at room temperature. After washing
fixed cells with wash buffer, 50 pL of wash buffer containing 5 % normal goat serum was added
to each well and incubated for 20 min at room temperature. Then, 50 pL of primarily antibody
(rabbit anti rotavirus group A, AbD serotec, Raleigh, NC; 1:100) in wash buffer was added to
each well and incubated at 37 °C for 1 h. Wells were rinsed twice with wash buffer. Then, 50 uLb
of wash buffer containing secondary antibody (biotinylated goat anti-rabbit lgG, Vector
Laboratories, CA; 1:200) and 1.5 % normal goat serum was added to each well and incubated for
20 min at room temperature. Wells were rinsed twice with wash buffer. Then, 50 pL of
Vectastain ABC reagent containing 2 % of reagent A and 2 % reagent B (VECTASTAIN ABC

Kit, Vector Laboratories, CA) first incubated in wash buffer for 30 min was added to each well
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and incubated for 20 min. After washing wells twice with wash buffer, 50 uL of DAB solution
diluted in distilled water following the manufacturer’s instruction (DAB Substrate Kit, Vector
Laboratories, CA) was added to each well and incubated for 2 min. DAB was solution aspirated
and Mili-Q water was replaced into each well. Focus forming units were enumerated using a
microscope.
Disinfection experiments for PRV adhering to leaves

Each set of leaves in this study, consisting of three biological replicates for each cultivar,
was gently washed with Milli-Q water and the water on the leaves was then lightly wiped off
with a Kim wipe (Kimberly-Clark, Irving, TX). Two disks were excised from each leaf with a
15.6 mm diameter cork borer. One disk was sampled on the adaxial surface, and the other on the
abaxial surface. Two drops of 20 uL of viral solution (PRV) were applied onto each disk surface
and incubated for 1 h to allow virus adsorption. Next, each disk was washed with 4 mL of each
kind of pre-chilled sanitizer solution at 4 °C in a well of a 12-well plate as a function of time.
Each sanitizer concentration was as follows; the oxidant-based sanitizer (Tsunami 100®) at 50
ppm at pH 3.7; the surfactant based-sanitizer (0.25 % malic acid with 0.025 % TDS) at pH 2.7.
Next, 10 pL of IM NaOH was immediately added into the sanitizer-containing solution to raise
the pH to 7. The leaf was removed from the well and the remaining PRV on the leaf was eluted
with 500 pL of serum-free MEM in a 1.5 mL centrifuge tube by vortexing for 30 s. 400 pL from
the tube was transferred into a new 1.5 mL centrifuge tube for trypsin activation of both
sanitizer-treated samples and rotavirus stock with known-FFU. Integrated cell culture-qPCR
(ICC-qPCR) was then conducted.

Rotavirus decay experiment
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Following the PRV adsorption to leaves, decay experiments were conducted to clarify the
effect of each sanitizer on PRV suspensions without vegetable leaf tissue. PRV suspensions were
treated with the same concentration of each sanitizer described above as a function of time at
4 °C. As a control, PRV suspensions were treated with distilled water at 4 °C. As above, the
solutions were adjusted to pH 7. Following the trypsin activation, the PRV solution was
immediately diluted with serum-free MEM. ICC-qPCR was then conducted.

ICC-qPCR

ICC-qPCR was used to quantify infectious viruses remaining after the disinfection
experiments for PRV adhering to leaves and rotavirus decay experiment. This method was
employed instead of the focus forming unit (FFU) assay because this methodology allows for the
detection of infectious viruses more rapidly and sensitively than the FFU assay [47]. In addition,
this method allows for the quantification of the RNA genomes of the viruses replicated inside the
host cells. The quantitative principle of this method is based on a calibration curve for the
number of copies of NSP3 genes from the replicated viruses inside MA104 cells infected by
either the virus solutions with known FFU or the infectious viruses, which remained after the
exposure to the sanitizers. The X axis of this calibration curve is logjo copy numbers of NSP3
genes from infectious rotaviruses. The Y axis of this calibration curve is log;o FFU obtained
from the virus solution with known FFU. A monolayer of confluent cells on a 24-well plate was
washed by pre-warmed serum-free MEM twice, and then trypsin-treated rotavirus from
disinfection experiments for PRV adhering to leaves, rotavirus decay experiment, or serially
diluted rotavirus stock with known FFU was added onto the cells and incubated for 37 °C for 30
min in a 5 % CO; incubator. After the infection step, cells were washed by serum-free MEM

twice and incubated with 500 pL of serum-free MEM at 37 °C for 18 h in a 5 % CO; incubator.

1sanb Aq 8T0Z ‘9z Jeqwaldas uo /610 wse wak//:dny wolj papeojumoq


http://aem.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

During this 18 h incubation, only infectious viruses can enter cells and replicate. This method
enables us to quantify infectivity of viruses remaining after the sanitizer treatment, using known
infectivity of a viral stock. After the incubation, 350 pL of lysis buffer from an RNA extraction
kit (E.Z.N.A.® Total RNA Kit I, Omega Bio-Tek) was added to each well and incubated for 30
min at room temperature. RNA extraction was conducted according to the manufacturer’s
instructions. After the extraction, reverse-transcription quantitative PCR (RT-qPCR) was
performed using the rotavirus gene specific primers and cellular gene specific primers.
Reverse-transcription quantitative PCR

Reverse transcription quantitative PCR (RT-qPCR) was conducted to quantify the PRV
NSP3 and cellular GAPDH transcripts in infected MA104 cells using an iTaq™ Universal
SYBR" Green One-Step Kit (Bio-Rad Laboratories, Hercules, CA) in MicroAmp® optical 384-
well reaction plates with a 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster,
CA). Plasmids containing rotavirus NSP3 gene (Integrated DNA technologies, Coralville, 1A)
were used to develop a standard curve for the amount of cDNA present (X axis, expressed as
logip genome copies/ pulL) versus Ct values obtained from qPCR on the Y axis. For the
quantification of cells which were exposed to PRV, genomic RNA extracted from cells were
used as a standard. A total reaction mix 10 pL for quantification of rotavirus consisted of 3 pL of
RNA sample, 5 pL of 2x iTaq universal SYBR"™ Green reaction mix, 0.125 pL of iScript reverse
transcriptase, 0.3 pL of 10 uM JVK forward primer (5'-CAGTGGTTGATGCTGAAGAT-3"),
0.3 pL of 10 uM JVK reverse primer (5'-TCATTGTAATCATATTGAATACCCA-3") [48, 49],
and 1.275 pL of nuclease free water. For quantification of cells, a total reaction mix 10 pL for
quantification of rotavirus consisted of 3 pL of RNA sample, 5 pL of 2x iTaq universal SYBR®™

Green reaction mix, 0.125 pL of iScript reverse transcriptase, 0.6 uL. of 10 uM GAPDH forward

10
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primer(5'-AATCCCATCACCATCTTCCAG-3"), 0.6 pL of 10 uM GAPDH reverse primer (5'-
AAATGAGCCCCAGCCTTC-3") [50], and 0.675 pL of nuclease free water. The thermal
cycling condition for both the NSP3 gene and GAPDH gene quantification was as follows;
reverse transcription reaction at 50 °C for 10 min, polymerase activation and DNA denaturation
at 95 °C for 1 min, followed by 40 cycles of denaturation at 95 °C for 15 s, annealing/extension
at 60 °C for 1 min. After these steps, a dissociation stage for dissociation curve analysis was
conducted at 95 °C for 15 s, at 60 °C for 15 s, and 95 °C for 15 s. Data were obtained from the
software package SDS 2.4.2 (Applied Biosystems, Foster, CA) after RT-qPCRs. In this study,
the amount of rotavirus RNA was normalized by the number of housekeeping gene copies of
GAPDH in cellular RNA.

The qPCR specificity was checked by a gel electrophoresis using RT-qPCR products,
with 2 % agarose containing SYBR" Safe DNA Gel stain (Thermo Fisher Scientific, Waltham,
MA). Only one band between 100 and 200 bp was observed for both products amplified with
JVK primers and GAPDH primers.

Virus entry and replication assay

PRV were treated with each sanitizer at 4 °C as a function of time. After this sanitation
step, the viral solution was adjusted to pH 7 and activated with trypsin. This solution of activated
rotaviruses was diluted by serum-free MEM, then 300 uL of which was added to the monolayer
of confluent MA104 cells and incubated for 30 min at 37 °C in a 5 % CO, incubator. Following
this incubation, cells were washed by serum-free MEM twice and incubated for 18 h at 37 °C in
a 5 % CO, incubator. RNA extraction and RT-qPCR were conducted as described above.

Virus binding assay

11
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The assays for detection of PRV binding to MA104 cells were conducted similarly to the
virus entry and replication assay. The only difference from the entry and replication assay was
that after the sanitizer treatment of PRV at 4 °C for 5 min, the sanitizer-treated PRV was
incubated with MA104 cells at 4 °C for 1 h, followed by aspiration of the viral solution and wash
of MA104 cells by serum-free MEM twice. RNA extraction and RT-qPCR were conducted as
described above. For the control experiment to check adhesion of intact PRV to MA104 cells,
viruses were treated with distilled water without sanitizer at 4 °C for 5 min. To check for non-
specific binding of rotavirus to cells, A549 cells without the receptors for PRV (GM3 receptors)
[51, 52] were used for the binding control experiment.

Binding assay with neuraminidase

Confluent monolayers of MA104 cells in a 6-well plate were washed by pre-warned
serum-free MEM twice. 1 mL of serum-free MEM containing neuraminidase V. cholerae at a
final concentration of 40.3 mU/mL was added to cells in each well and incubated for 1 h at 37 °C
in a 5 % CO, incubator. As a positive control for each sample, 1 mL of pre-warmed serum-free
MEM without neuraminidase was added to cells and incubated similarly as written above. Intact
PRV as a control experiment and sanitizer-treated PRV were adjusted to pH 7 and activated with
trypsin before being incubated with cells and washed in the same manner as the virus binding
assay, followed by RNA extraction and RT-qPCR.

Plaque assay with neuraminidase

The plaque assay for detection of PRV-infected MA 104 cells were conducted similarly to
the binding assay with neuraminidase. The only difference from the binding assay with
neuraminidase was that the incubation of sanitizer-treated PRV with MA104 cells was conducted

at 37 °C for 1 hin a 5 % CO; incubator, followed by washing cells by serum-free MEM twice.
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The cells were overlaid with MEM containing 1 % agarose, 2.2 ug/mL trypsin at a final
concentration, 7.5 % sodium bicarbonate, 15 mM HEPES, 0.1 mg of kanamycin/ml, 0.05 mg of
gentamicin/ml and incubated at 37 °C for 72 h, in a 5 % CO, incubator. Following the incubation,
the cells were fixed by 10 % formaldehyde in 1x PBS and stained by 0.05 % crystal violet in
10 % ethanol. PRV-infected MA104 cells were visualized and counted.
Statistical analyses

Statistical analyses were conducted with OriginPro 2016 (OriginLab Corporation, MA,
USA). For the disinfection experiments for PRV adhering to leaves, significant differences in
disinfection efficacies between cultivars and sanitizer treatments were determined by a three-way
analysis of variance (ANOVA). Also for the rotavirus decay experiment, disinfection efficacies
were analyzed for sanitizer treatments by a two-way ANOVA. For other assays, t-tests were
conducted. Relationships were considered significant when P < 0.05.

RESULTS

Disinfection of PRV adhering to leaf surfaces

The ratio of the number of infectious PRV remaining post-sanitizer treatment (FFU) over
the initial number of infectious PRV (FFU;) were determined to identify the effectiveness of
each sanitizer in inactivating PRV when PRV was adsorbed to the plant surfaces tested. The
disinfection of PRV was expressed as disinfection ratios (FFU/FFUy) obtained by the ICC-RT-
gPCR method. Figure 1 and Figure 2 show the comparisons of log;o reduction of PRV treated
with oxidant-based sanitizer at 50 ppm and surfactant-based sanitizer (0.25 % malic acid with
0.025 % TDS) on leaves of the three vegetable cultivars, respectively.

As shown in Figure 1, the oxidant-based sanitizer caused statistically similar disinfection

rates of PRV that was adsorbed to the ‘Starbor’ kale and ‘Red Russian’ kale surfaces (P > 0.05).
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In contrast, only approximately 1-log;o PRV disinfection was observed when PRV was adsorbed
to the ‘Totem’ Belgian endive surfaces. In contrast as shown in Figure 2, the surfactant-based
sanitizer exhibited similar disinfection of PRV on all the three cultivars (P > 0.05). The
disinfection of PRV adhering to the ‘Totem’ Belgian endive surfaces achieved approximately 3-
log)o inactivation when the surfactant-based sanitizer was used, while the oxidant-based sanitizer
showed only 1-log) inactivation. These results suggest that the surfactant-based sanitizer is more
effective than the oxidant-based sanitizer in inactivating PRV adhering to the leaf surface of
‘Totem’ Belgian endive. Taken together, these results imply that the different sanitizer efficacies
for leafy vegetables vary with different epicuticular chemical properties.
Disinfection of suspended PRV without vegetables

To determine how each sanitizer interacted with PRV to prevent virus adhering to
vegetable surfaces, we explored how PRV in suspension, and in the absence of plants, was
disinfected. Figure 3 shows the comparisons of log) disinfection of suspended PRV treated with
distilled water (control), the oxidant-based sanitizer, or surfactant-based sanitizer. Similar to
Figure 1 and Figure 2, the disinfection of PRV was expressed as disinfection ratios FFU/FFU,
obtained by the ICC-RT-qPCR method. Compared to the control experiment, both sanitizers had
statistically different disinfection ratios (P < 0.05). When comparing the disinfection efficacies of
the surfactant-based sanitizer, it was observed that the efficacies were statistically similar when
comparing disinfection of PRV in solution versus PRV adsorbed to plant leaves (Figure 3 as
compared to Figure 2). However, the oxidant-based sanitizer disinfected suspended PRV to a
statistically significant greater degree than it did when PRV was associated with the plant leaves
(P < 0.05). Thus, the efficacy of the oxidant-based sanitizer was different between when PRV

was in suspension versus attached to vegetable surfaces, whereas the surfactant-based sanitizer
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showed a similar disinfection efficacy on PRV with or without vegetable leaf tissue. These data
implied that PRV interaction with the leaf surface could reduce the efficacy of the oxidant-based
sanitizer.
Influence of sanitizers on the PRYV replication cycle

It is unknown how sanitizers inactivate PRV on a molecular level. As a means to
understand this process, we examined how each sanitizer impacted virus entry and replication,
and binding steps. For these assays, the suspension of PRV that was exposed to the sanitizers (as
opposed to PRV adhering to vegetable surfaces) was examined. Figure 4 shows the comparison
of the number of PRV RNA copies (NSP3 gene) replicated in MA104 cells after the sanitizer
treatments of PRV following 18 h post-infection. PRV treated with the oxidant-based sanitizer
and the surfactant-based sanitizer had significant reductions in the number of PRV RNA copies
replicated in MA104 cells 18 h post-infection, compared to the control where PRV was exposed
to distilled water instead of a sanitizer. Treatment with the oxidant-based sanitizer or the
surfactant-based sanitizer lead to significantly less PRV RNA copy numbers compared to the
control (P < 0.05). Thus, each sanitizer altered PRV particles in a manner that prevented PRV
entry and replication in MA104 cells.

One possibility is that the inhibition of PRV entry and replication was due to transformed
PRV particles that could no longer bind to the host cells. This question was answered by
conducting a virus-binding assay shown in Figure 5. In this experiment, sanitizer-treated PRV
was incubated with MA104 cells, monolayers were washed, and PRV particles that remained
attached to cells were quantified by RT-qPCR. As shown in Figure 5, PRV genes were more
abundant when PRV particles were treated with either disinfectant compared to water. This

finding indicated that sanitizers increased binding of PRV to the MA104 cells. This same assay
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was performed in parallel using A549 cells, cells that lack GM3 receptors [52], which allows
PRV to initialize penetration into the host cells through an entry receptor integrin. When using
the A549 cell line, the highest number of bound PRV was observed with PRV treated with the
surfactant-based sanitizer, followed by intact PRV and PRV treated with the oxidant-based
sanitizer. The increased binding of PRV after treatment with sanitizers suggests that sanitizers
themselves may alter the capsid such that there is an increase in non-specific binding of PRV to
both A549 cells and MA104 cells.

Although A549 cells do not express the GM3 receptor [52], both A549 and MA104 cells
express sialic acid on the cellular surface [53], a molecule that can serve as an attachment
receptor for PRV. Therefore, the effect of the sanitizers on disrupting PRV-sialic acid
interactions cannot be evaluated using this assay. To determine whether sanitizer treatment
influences PRV binding to sialic acid on MA104 cellular surface, binding assays were conducted
in which MA104 cells were incubated with V. cholerae neuraminidase to digest sialic acid
moieties on the cellular surface (Figure 6). The removal of sialic acid from the cellular surface
significantly reduced the number of untreated and oxidant-based sanitizer treated PRV that
bound to MA104 cells, as determined by RT-qPCR. This observation suggests that sialic acid
plays an important role in PRV attachment to MA104 cells, where receptor-specific binding of
the control sample (intact PRV) and oxidant-based sanitizer-treated PRV were reduced by the
removal of sialic acid (P < 0.05). However, no statistical difference was observed when using
surfactant-based sanitizer-treated PRV (P > 0.05), indicating that non-specific binding of PRV to
the cellular surface occurred regardless the presence of sialic acid. These data imply that each

sanitizer may alter PRV in distinct manners.
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To identify if the sialic acid digestion by neuraminidase affects PRV infection, a plaque
assay was conducted. As shown in Figure 7, a significant difference in plaque formation (PRV
infection) was observed with the control sample (intact PRV) between non-treated infected cells
and neuraminidase-treated infected cells (P < 0.05). A similar trend was observed with PRV
treated with the oxidant-based sanitizer and surfactant-based sanitizer (P < 0.05). The removal of
sialic acid from the ganglioside on the cellular surface reduced PRV infection, as well as the
attachment of intact PRV and PRV treated with oxidant-based sanitizer to MA104 cells. This
indicates that non-specifically bound PRV to MA104 cells could not replicate effectively in the
cells.

DISCUSSION

The oxidant-based sanitizer, containing 15.2 % peroxyacetic acid combined with 11.2 %
hydrogen peroxide, has been used in the food industry because of its low reactivity with organics
[38] and is less pH dependent compared to chlorine [54]. In the food industry, the concentration
range allowed for food sanitation is from 30 to 80 ppm, with a 1.5 minute mixing time [55]. In
this study, we employed the concentration at 50 ppm with the exposure time from 30 sec to 8
min. Oxidants such as hydrogen peroxide has been shown to inactivate viruses [44, 56]. For
example, 0.32-log;o disinfection of human rotavirus strain Wa was observed with 0.6 mM
hydrogen peroxide after 8 min of exposure at 25 °C [44]. Furthermore, 0.2 mM hydrogen
peroxide achieved 2-logjo inactivation on MS2 coliphage after a 30 min incubation [56]. The
hydrogen peroxide concentration in the studied sanitizer is 2 mM, which is much higher than the
concentration used in the previous studies. The high concentration of hydrogen peroxide and also
another oxidant, peroxyacetic acid, used in our study allowed 3-log)o inactivation of PRV

adhering to vegetables’ leaf surfaces with high epicuticular wax concentrations (‘Starbor’ kale
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and ‘Red Russian’ kale) and 1-logjo inactivation of PRV adhering to a vegetable cultivar with
low wax concentrations (‘Totem’ Belgian endive). This 100-fold difference in PRV disinfection
efficacy by this sanitizer suggests that a strong interaction between PRV and the more
hydrophilic surfaces of endive protected the PRV adhering to the leaf surface from disinfection.
Rotaviruses including PRV are negatively charged and hydrophilic [57, 58]. A weak interaction
between hydrophilic PRV and hydrophobic kale surfaces may allow the oxidants to inactivate
the adsorbed PRV. However, for PRV attached strongly to hydrophilic leaf surfaces, a sanitizer
that can denature or oxidize the attached capsid is more desirable.

The surfactant-based sanitizer consists of 0.25 % malic acid, an organic acid, which have
been used as antimicrobials [29, 54], and 0.025 % thiamine dilauryl sulfate (TDS), a vitamin B1
derivative and also a negatively-charged surfactant. This combination of malic acid and TDS has
been recently proposed and not yet in use in the food industry [29]. The disinfection efficacies of
10 % malic acid and 1 % TDS on E. coli O157:H7 on alfalfa seeds was as effective as 20,000
ppm chlorine [29]. TDS was found to have synergistic effects for the inactivation of total
mesophilic bacteria and coliforms, when TDS was combined with a commercially available
sanitizer, such as ethanol, chlorine, and hydrogen peroxide [59]. Similarly, chlorine at 200 ppm
in combination with one of the following surfactants sodium dodecyl sulfate (SDS), Triton X-
100, or NP40 had higher sanitation efficacies than chlorine alone for murine norovirus adhering
to the surface of strawberries, raspberries, cabbage, and romaine lettuce [25]. Moreover, each of
these surfactants had virucidal effects against murine norovirus when the viruses were incubated

with one of the surfactants at 37 °C for 72 h, disrupting the outer protein of murine norovirus

[25]. Charged surfactants have been found to have the ability to bind to and denature protein [60].

In our study, despite the strong interaction between PRV and hydrophilic surface of ‘Totem’
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Belgian endive, the surfactant-based sanitizer was still effective, suggesting that TDS could
denature the protein capsid of PRV adhering to the leaf surface. Moreover, the surfactant-based
sanitizer also had similar inactivation efficacies on PRV adhering to leaves of the two kale
cultivars (‘Starbor’ kale and ‘Red Russian’ kale). One possible reason behind these similar
inactivation efficacies could be the ability of TDS and malic acid with both hydrophilic and
hydrophobic groups to reach PRV adhering to both kale and endive leaf surfaces. Taken together,
these findings presented in this study demonstrate that the surfactant-based sanitizer effectively
inactivated PRV adhering to both leafy surfaces with high and low wax concentrations.

The observed effectiveness of the oxidant-based sanitizer for PRV adhering to the leaf
surfaces suggests that the surfaces of PRV were oxidized by the sanitizer. The PRV capsid may
also be denatured by surfactant-based sanitizers. We hypothesize that the oxidized or denatured
capsids could non-specifically bind to MA104 cells; however, the non-specifically bound PRV
cannot replicate in MA104 cells effectively. This hypothesis was tested with the binding assays
to determine the effects of the sanitizers on the PRV attachment to MA104 cells and replication
inside the cells. We found that the sanitizer treatment of PRV led to an increase of PRV attached
to MA104 cells, indicating that non-specific binding of PRV particles to MA104 cells, or
specific binding to the cellular receptors followed by non-effective penetration or replication in
the cells, given that PRV treated with the sanitizers could not effectively replicate in MA104
cells as observed in the virus entry and replication assay. Furthermore, we conducted binding
experiments with neuraminidase to digest sialic acid on the cellular surface, which is an
important factor to initialize the PRV penetration step into the host cell. Rotaviruses attach to
terminal sialic acid on their receptor (GM3 receptor for PRV strain OSU) and utilize sialic acid

binding to penetrate into the cell via integrin, which is an entry receptor for rotaviruses [61, 62].
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Therefore, by digesting sialic acid moieties on the cellular surface, specific-binding of PRV to
sialic acid moieties was reduced as found with intact PRV and PRV treated with the oxidant-
based sanitizer. However, the surfactant-based sanitizer treatment did not cause a reduction in
PRV bound to the cellular surface with or without sialic acid digestion. This observation can be
attributed to non-specific binding caused by the surfactant-based sanitizer treatment to PRV
surface. In the plaque assay with neuraminidase, PRV infection (plaque formation) was reduced
by digesting sialic acid from MA104 cells by neuraminidase in all the samples, whereas the
surfactant-based sanitizer treated PRV binding to MA104 cells was not affected by the removal
of sialic acid in the binding assay with neuraminidase, indicating that the plaque assay to analyze
PRV binding was needed to evaluate non-specific binding, as well as the binding assay
quantified by RT-qPCR.

In summary, our mechanistic studies show that the effectiveness of the oxidant-based
sanitizer depends on the sanitizer properties and epicuticular leaf surface properties. We found
that the oxidant-based sanitizer was less effective for the inactivation of PRV adhering to
hydrophilic leaf surfaces, due to the stronger interactions with PRV. This knowledge will
facilitate the selection of effective food sanitizers for virus disinfection. Based on our results,
non-specific binding of PRV was increased by the surfactant-based sanitizer treatment. Future
studies will identify what factors provided by the sanitizers are contributing to the non-specific
binding of PRV to MA104 cells. A potential factor could be capsid damage on rotavirus particles
after the exposure to sanitizers. To identify capsid damage caused by oxidative stress, carbonyl
groups on oxidatively-damaged viral particles can be marked using biotin [63]. Alternative
methods could be applied in this study and the sanitizer effect on PRV particles can be further

analyzed.
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Figure 1. Comparisons of logj, disinfection of PRV on ‘Totem’ Belgian endive, ‘Starbor’ kale,
and ‘Red Russian’ kale, by the oxidant-based sanitizer. Values in the figure are the averages of
results from biological replicates (n=6) at each contact time [min], with standard deviations
shown as vertical error bars. There was a significant difference on the disinfection ratios of PRV

between ‘Totem’ Belgian endive and ‘Starbor’ and ‘Red Russian’ kale (P < 0.05).
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Figure 2. Comparisons of logjo disinfection of PRV on ‘Totem’ Belgian endive, ‘Starbor’ kale,
and ‘Red Russian’ kale, treated with the surfactant-based sanitizer. Values in the figure are the
averages of results from biological replicates (n=6) at each contact time [min], with standard
deviations shown as vertical error bars. There were no significant differences on the disinfection

ratios of PRV between all the cultivars (P > 0.05).
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Figure 3. Comparisons of log;o disinfection of suspended PRV (in the absence of leafy vegetable
tissues), with distilled water (control), the oxidant-based sanitizer, or the surfactant-based
sanitizer. Values in the figure are the averages of results from biological replicates (n=4) at each
contact time [min], with standard deviations shown as vertical error bars. There was no
significant differences in the disinfection of PRV between the oxidant-based sanitizer and the
surfactant-based sanitizer (P > 0.05), while there was a significant difference in the disinfection

between each sanitizer treatment and the control (P < 0.05).

32

1sanb Aq 8T0Z ‘9z Jeqwaldas uo /610 wse wak//:dny wolj papeojumoq


http://aem.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

670

671

672

673

674

675

N
Q2
S 10°F - B
© (7p]
< O, A7
Z 510 -
5
g <106 = -
s Z
8 2405t -
25
2a10'fF -
B (9103 = -
3o
- O
o O L i
g c§10

@
g Q.101
c 0.5 2 . 6
o Contact time [min]
S [ ]Control

Z77] Oxidant-based sanitizer
Surfactant-based sanitizer

Figure 4. Comparisons of rotavirus NSP3 RNA transcript copy numbers replicated in MA104
cells after different sanitizer treatments. Values in the figure are the averages of results from
biological replicates (n=6), with standard deviations shown as vertical error bars. There was a
significant reduction in copy numbers in treatments with the oxidant-based sanitizer and the

surfactant-based sanitizer compared to the control (P < 0.05).
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Figure 5. Comparisons NSP3 gene copy numbers bound to MA104 and A549 cells after
different sanitizer treatments. Values in the figure are the averages of results from biological
replicates (n=6), with standard deviations shown as vertical error bars. Viral binding to MA104
cells was significantly different between the control, the oxidant-based sanitizer, and the
surfactant-based sanitizer treatments (P < 0.05). Virus binding to A549 cells was significantly
different between the control and the treatment with the surfactant-based sanitizer (P < 0.05),
whereas there was no significant difference of viral binding to A549 cells between the control

and the treatment with the oxidant-based sanitizer (P > 0.05).

34

1sanb Aq 8T0Z ‘9z Jeqwaldas uo /610 wse wak//:dny wolj papeojumoq


http://aem.asm.org/

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

685

686

687

688

689

690

691

0 5
o 10
8— Non-treated cells
i * 277 Neuraminidase-treated cells
210 -
pd
X 8
3 <
g
2 5
2 Z10°F . -
O
5 O
o 8 ] *
5 310" -
8 <
)
E 2100
c Control Oxidant-based Surfactant-based
§) sanitizer sanitizer

Figure 6. Comparisons of PRV attachment to MA104 cells pre-treated with 0 and 40.3 mU/ml
Vivrio cholera neuraminidase. PRV was treated with distilled water (control), oxidant acid-based
sanitizer, or surfactant-based sanitizer prior to the exposure to MA104 cells. Values in the figure
are the averages of results from biological replicates (n=6) at each contact time [min], with
standard deviations shown as vertical error bars. Statistical analyses were performed with t test. *,

P <0.05.
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Figure 7. Comparisons of PRV infection to MA104 cells pre-treated with 0 and 40.3 mU/ml
Vivrio cholera neuraminidase. PRV was treated with distilled water (control), oxidant-based
sanitizer, or surfactant-based sanitizer prior to the exposure to MA104 cells. Values in the figure
are the averages of results from biological replicates (n=3) at each contact time [min], with
standard deviations shown as vertical error bars. Statistical analyses were performed with t test. *

P <0.05; **, P <0.01; *** P <0.001.
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701  Table 1. A table of the original titer, inactivated and recovered viruses for the PRV disinfection

702  experiments with sanitizers
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Virus inoculum Inactivated viruses ~ Recovered viruses
[FFU/mL] [FFU/mL] [FFU/mL]
‘Totem’ Belgian endive 1,000,000 755,014 £ 124,485 244,986 + 124,485
Figure 1 ‘Starbor” kale 1,000,000 994,500 + 10,370 5,500 + 10,370
‘Red Russian’ kale 1,000,000 998,700 + 733 1,300 + 733
‘Totem’ Belgian endive 1,000,000 997,168 + 1,180 2,832+ 1,180
Figure 2 ‘Starbor’ kale 1,000,000 991,257 + 5,493 8,743 + 5,293
‘Red Russian’ kale 1,000,000 987,500 + 13,640 12,501 + 13,640
Oxidant-based sanitizer 1,000,000 99,977 + 14 23+ 14
Figure 3
Surfactant-based sanitizer 1,000,000 99,867 + 55 132+ 55
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Virus inoculum Inactivated viruses ~ Recovered viruses
[FFU/mL] [FFU/mL] [FFU/mL]
‘Totem’ Belgian endive 1,000,000 755,014 £ 124,485 244,986 + 124,485
Figure 1 “Starbor” kale 1,000,000 994,500 + 10,370 5,500+ 10,370
‘Red Russian’ kale 1,000,000 998,700 + 733 1,300 + 733
“Totem’ Belgian endive 1,000,000 997,168 + 1,180 2,832+ 1,180
Figure 2 “Starbor” kale 1,000,000 991,257 + 5,493 8,743 £5,293
‘Red Russian’ kale 1,000,000 987,500 + 13,640 12,501 + 13,640
Oxidant-based sanitizer 1,000,000 99,977 + 14 23+ 14
Figure 3
Surfactant-based sanitizer 1,000,000 99,867 + 55 132+55

Applied and Environmental
Microbiology

Environmenta

Microbiology

Applied and

1sanb Aq 8T0Z ‘9z Jeqwaldas uo /610 wse wak//:dny wolj papeojumoq


http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

)
=
2 o
ee —_
N ©
”._mm =<
—| C 'V =
Slaol G
El 2?0 8%
[dB!S
()] %, mu
Elg EL
FQ2L 5O
- 0O = O
C 0K
atlf.
O
X 00O
o) >

(°N44/n44) 6o

suI[UQ) PRISO  JdiupsnupI paidasoxy


http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

—BaO—H—[>— o0 A_Vu
-
© 5
=S O
O .mn aka
— V] =
—DH-EOH E 502§
E|l2 o T
R T ola @ 2
 mp E2ES®
| c2 5o
S0l
H>THOH N Ok WX
mﬂa -
t—DH =0 -
——>—+HO-H SO_H__V
& o



http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

-
()]
N
+— @
c N
© =
P ®
—| @ ®
£ 873
El 8¢
e L ot
c O
E_ gL
FIE8@®
c t 9O
O -5 X
Owno
o<

AN ™ < O

°N44/n44) 6o

suI[UQ) PRISO  JdiupsnupI paidasoxy


http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

Surfactant-based sanitizer

Z77] Oxidant-based sanitizer

5
[ ]Control

2
Contact time [min]

10°F

| | |

(e0) N~ © < ™ (o] =
o o o o o o o
X X - x; X

$e1d0d YNy HAdVD 000z 48d
sa1doo YNY shuiAejod aulolod Jo Jaquinu 607

BUIIUC) PBISO JdiIosnNUBA _om_o_wuu,q ooy ABojoiqoo1y

pjuswuUolIAug pub paljddy pjusWUOIIAUZ pupb pailiddy


http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

D
| | | I 0
3
o
-
5 L
— 5 Y
o =
‘€ ¢
S (@©
N »n
o
(07}
)
NNNNNE
o
5
H G N
T =
@ X5
O, O wn
©
n4uC
2o
4
< O —
= < o
e
=
(®)
O
| ] ] ] _
o] <t ™ N -~ o
(@) (@) (@) o o (@)
=

$31d02 YNy HdVS 000°Z Jed
s91d02 YN ShuiAejod aulolod Jo Jaquinu 607

AB
BUIIUC) PBISO JdiIosnNUBA _um_o_wuu< ojoiqo.IW ABojoiqoo1y

DJUBWIUOIIAUT pub paljddy pjUSWUOIIAUZ Pup paljddy


http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

ge
()]
0
3
o
-
5 L
5 9
o =
£
@
% N »n
)
> o
ge}
(07}
9 0
[ 3
O * o)
Sr | IR S
N = = O
= | nz
o O o .
(S} o =
© = C
QL E O w
a-I
o €
ol
=
O O —_
=z 2 3 o
gt
=
(@)
O
| ] ] ] —
o] <t o™ N -~ o
(@) (@) (@) o o (@)
=

$31d02 YNy HdVS 000°Z Jed
s91d02 YN ShuiAejod aulolod Jo Jaquinu 607

AB
BUIIUC) PBISO JdiIosnNUBA _um_o_wuu,q ojoiqo.IW ABojoiqoo1y

pjusWUOIIAUT pub paljddy pjusWUOJIAUT pub palddy


http://aem.asm.org/

Downloaded from http://aem.asm.org/ on September 26, 2018 by guest

sanitizer

Oxidant-based Surfactant-based

sanitizer

Non-treated cells
BZ77] Neuraminidase-treated cells| -
*k*
777

*%*

Control

|

o - - o o
O oO 6 4 2
1

(w/N4d) uonosjul o,

AB
BUIIUC) PBISO JdiIosnNUBA wm_o_muu,q ojoiqo.IW ABojoiqoo1y

pjusWUOIIAUT pub paljddy pjusWUOJIAUT pub palddy


http://aem.asm.org/

	Effect Of Leaf Surface Chemical Properties On Efficacy Of Sanitizer For Rotavirus Inactivation
	Digital Commons Citation
	Authors

	Effect of Leaf Surface Chemical Properties on the Efficacy of Sanitizer for Rotavirus Inactivation

