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Abstract

Human noroviruses (hNoV) are the primary cause of foodborne disease in the USA. Most studies on inactivation kinetics of
hNoV and its surrogates are performed in monoculture, while the microbial ecosystem effect on virus inactivation remains
limited. This study investigated the persistence of hNoV surrogates, murine norovirus (MNV) and Tulane virus (TuV), along
with Aichi virus (AiV) under thermal and chemical inactivation in association with Gram-negative (Enterobacter cloacae)
bacteria. Thermal inactivation of viruses in co-culture with E. cloacae revealed no protective effects of bacteria. At 56 °C,
A1V with and without bacteria was completely inactivated by 10 min with decimal reduction values (D-values) of 41 and
43 s, respectively. Similar results were also observed for TuV. Conversely, MNV with bacteria was completely inactivated
by 10 min while MNV alone remained stable up to 30 min at 56 °C. Both MNV and TuV were slightly more stable than
AiV at 63 °C with TuV detection up to 2 min without bacteria. For chemical inactivation on stainless steel surfaces, viruses
alone and in association with bacteria were treated with 1000 ppm sodium hypochlorite. Virus association with bacteria had
no significant effect (p > 0.05) on virus resistance to bleach inactivation compared to virus alone. Specifically, exposure to
1000 ppm bleach for 5 min resulted in an average of 3.86, 2.14, and 0.94 log,, PFU/ml reductions for TuV, MNV, and AiV
without bacteria, respectively. Reductions in TuV, MNV, and A1V were 3.50, 1.88, and 0.61 log10 PFU/ml when associated

with E. cloacae, respectively.
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Introduction

Human noroviruses (hNoVs) are single-strand RNA viruses
that cause acute gastroenteritis in humans (Ahmed et al.
2014). As a genus in the family Caliciviridae, noroviruses
are further divided into at least seven genogroups (GI-GVII)
among which GI, GII and GIV are infectious to humans
(Chhabra et al. 2018). According to the World Health Organ-
ization (WHO), globally hNoV contributed to an estimated
120 million out of 550 million diarrheal illnesses in 2010
(Havelaar et al. 2015). Since its discovery in 1972, the study
of hNoVs have been hindered by the lack of an animal model
or cell culture system. Therefore, researchers use surrogates
such as feline calicivirus (FCV), Tulane viruses (TuV), and
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murine norovirus (MNV) to elucidate the mechanism of
replication, persistence, and inactivation of hNoVs (Wobus
et al. 2006; Doultree et al. 1999; Tian et al. 2013). Briefly,
FCV, TuV, and MNYV are also within the Caliciviridae fam-
ily and belong to the genus Vesivirus, Recovirus, and Noro-
virus, respectively. Recently, Jones et al. (2014) successful
cultivated hNoV in human B cells with the promotion of
Enterobacter cloacae as well as other enteric bacteria. Later,
Ettayebi et al. (2016) reported that the cultivation model of
stem cell-derived human enteroids supported hNoV growth
when supplemented with bile. Interestingly, the authors did
not observe the same benefits of a bacterial co-factor as
was reported by Jones et al. (2014). Additional studies with
other human enteric viruses have yielded results similar to
Jones et al. (2014) (Kuss et al. 2011; Robinson et al. 2014).
Through the attachment to certain types of polysaccharide
on bacteria surfaces, poliovirus showed increased virion
heat stability, bleach resistance, and binding efficiency to
host cell virus receptors (Robinson et al. 2014). These initial
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findings have led to an increase in investigations on the inter-
actions of human enteric viruses and bacteria.

Recently, several studies have investigated the interaction
between hNoV and bacteria. Miura et al. (2013) reported
that human norovirus-like particles (hNoVLP) could bind to
the histo-blood group antigen (HBGA )-like substances in the
extracellular polymeric substances (EPS) of Enterobacter
sp. SENG-6. The HBGA is one of hNoV binding receptors,
which presents on cellular surfaces such as intestinal epi-
thelial cells or in secreted biological fluids in human (Har-
rington et al. 2004). HBGA contains ABH and Lewis anti-
gens, and different genotypes of hNoV specifically recognize
certain pattern profiles (Miura et al. 2013). Some hNoV
surrogates can also bind to HBGAs. For instance, TuV can
recognize type-A and type-B HBGAs as well as sialic acids
while MNV and FCV only recognize the latter (Farkas et al.
2010; Li et al. 2017; Tan et al. 2015; Zhang et al. 2015).
After Miura et al. (2013), Li et al. (2015) further reported the
binding of hNoVLP to 11 HBGA-expressing bacteria and
investigated the protective effect of these bacteria when heat
stresses were applied to hNoVLPs. As a result, the hNoVLP
showed better antigen integrity and mucin-binding ability
with the presence of HBGA-expressing Escherichia coli dur-
ing thermal treatment compared to non-HBGA expressing
bacteria. Based on their report, another group of researchers
compared the effect of HBGA-expressing and non-HBGA
expressing E. coli on TuV replication under heat denatura-
tion. However, in this study, the viral replication showed no
significant difference regardless of the HBGA expression
status of the bacteria (Li et al. 2017). In addition to HBGA
binding, other potential types of interaction between hNoV
and bacteria remain undetermined. Almand et al. (2017)
characterized the binding specificity and efficiency of hNoV
with select gut microbiota and found that hNoV bound to all
tested bacteria with high efficiency while the surrogate TuV
bound to only some of the gut bacteria. Since the authors
did not further investigate the binding mechanisms, it is
unclear whether the association of hNoV and bacteria was
via HBGA interactions or not.

The present study focused on understanding the effect of
bacteria on hNoV surrogates under inactivation procedures.
The inactivation of hNoV includes traditional methods such
as heat, chemical disinfection, pH, UV radiation as well as
emerging new techniques such as high hydrostatic pressure
(Cromeans et al. 2014). The inactivation effects of these
methods on hNoV, and its surrogates have been well docu-
mented (Cromeans et al. 2014; Hoelzer et al. 2013; Kingsley
et al. 2017). However, it is now clear that the association of
hNoV and bacteria could certainly impact the effectiveness
of applied inactivation strategies (Li et al. 2015; Robinson
et al. 2014). In reality, bacteria and viruses can be both pre-
sent in a given environment, especially within food process-
ing and preparation environments. Therefore, in the present

study, the effect of bacteria on the resistance of hNoV sur-
rogates (TuV, MNV) and Aichi virus (AiV)—a cultivable
human enteric viruses—under thermal and chemical (i.e.,
bleach) inactivation was evaluated.

Materials and Methods
Virus Production, Propagation, and Titration

TuV was kindly provided by Dr. Jason Jiang (Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH). The
viruses were produced in LLC-MK2 cells (ATCC CCL-7,
American Type Culture Collection, Manassas, VA) which
were grown in M199 medium (Corning, Manassas, VA)
supplemented with 10% Fetal Bovine Serum (FBS), 1%
Penicillin—Streptomycin and 1% Amphotericin B. TuV
infection of MK2 cells occurred at 5% CO, and 37 °C with
rocking for 1 h at a multiplicity of infection (MOI) of 0.1.
After the initial hour, infected cells were covered with 2%
maintenance media composed of Opti-MEM (Gibco Life
Technology, Paisley, Scotland, UK) supplemented with 2%
FBS, 1% penicillin—streptomycin and 1% Amphotericin B
and further incubated for 5 days. After complete cytopathic
effect (CPE), the infected cells were frozen and thawed three
times followed by centrifugation at 3000xg 4 °C for 15 min.
Finally, viruses were filtered by 0.22 um filter (VWR, Rad-
nor, MA). For titration, 2 ml of MK2 cells were seeded in
six-well plates at a concentration of 8x10° cells/well and
incubated overnight. Five-hundred microliter of tenfold
serial diluted samples were added to each well and rocked
at 5% CO, and 37 °C for 1 h. After removing samples, 2 ml
of 3% low melting temperature agarose (VWR, Rockland,
ME) was added to the cell monolayer in each well. Plates
were then incubated at 5% CO, and 37 °C for 3 days. Two
milliliters of 0.01% neutral red (Sigma—Aldrich, St. Louis,
MO) diluted in 1 X phosphate-buffered saline (PBS) were
added to each well; then, plates were further incubated at 5%
CO, and 37 °C for 1 h. After removing the staining solution,
plaques were counted under light.

Aichi virus was kindly provided by Dr. Pierre Pothier
at Dijon University Hospital in Dijon, France. Viruses
cultured in Vero cells (ATCC CCL-81) that were grown
in Minimum Essential Medium (Corning, Manassas, VA)
supplemented with 10% FBS, 1% penicillin—streptomycin
and 1% non-essential amino acids (NEAA) solution. Aichi
virus was propagated at 5% CO, and 37 °C with continu-
ous rocking for 3 h at a MOI of 0.1 and further incubated
for 3 days. After complete CPE, cells were frozen and
thawed three times followed by centrifugation at 3000xg
for 30 min at 4 °C. In the end, viruses were filtered by
0.22-um filter. For AiV titration, Vero cells were seeded in
six-well plates at a concentration of 2x10° cells/well and

@ Springer



240

Food and Environmental Virology (2019) 11:238-246

incubated overnight. Prepared plates were inoculated with
AiV stock, and after 3 h infection, cell monolayers were
covered by 2 ml of 1.5% agarose (IBI Scientific, Peosta,
IA). Following a 3-day incubation, another layer of 2 ml
1.5% agarose with 0.01% neutral red was added for stain-
ing. After 1 h of incubation at 5% CO, and 37 °C, plaques
were counted under light.

MNV type 1 was kindly provided by Dr. Kellogg
Schwab (Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD). MNV was propagated in RAW
264.7 (mouse leukemic monocyte macrophage cell line,
ATCC TIB-71) that were cultured in Dulbecco modi-
fied Eagle medium (Corning, Manassas, VA) supple-
mented with 10% FBS, 1% penicillin—streptomycin, 1%
L-glutamine, 1% NEAA and 1% HEPES. The infection of
MNYV was at 5% CO, 37 °C rocking for 1 h with MOI
of 0.1 and further incubated for 3 days. After complete
CPE, cells were frozen and thawed three times followed
by centrifugation at 5000xg for 20 min at 4 °C. In the end,
viruses were filtered by 0.22 um filter. For MNYV titration,
RAW cells were seeded with 2x10° cells per well. After
1 h infection, cell monolayers were covered by the agarose
overlay (1:1 ratio mixture of 6% low melting tempera-
ture agarose and overlay medium). The overlay medium
was 2 X MEM supplemented with 10% FBS, 1% penicil-
lin—streptomycin, 1% HEPES and 13% DI water. After
2-day incubation, plates were stained and visualized as
described for TuV.

Bacteria Cultivation

Enterobacter cloacae (ATCC 13047) stock at — 80 °C were
streaked on Nutrient Agar (Difco, Sparks, MA) plates and
incubated at 30 °C for 24 h. From agar plate, a single bac-
terial colony was selected, inoculated in 50 ml centrifuge
tubes containing 10 ml Nutrient Broth medium, and incu-
bated overnight in a shaker at 200 rpm and 30 °C.

Thermal Inactivation in Water Bath

E. cloacae was cultured overnight, and 0.4 ml were nor-
malized to an optical density at 600 nm (ODg,) of 0.4
(~10° CFU/ml). Bacteria were then centrifuged at 8000xg
for 5 min and washed twice with PBS. Viruses diluted
in PBS (10° PFU/ml) were added to the bacterial pellet
(0.4 ml) at a volume ratio 1:1 and mixed by vortexing. The
virus—bacteria mixtures were then exposed to heat stress in
a water bath at testing temperatures of 56, 63, and 72 °C. At
each time point (0, 0.5, 1, 5, 10, and 30 min), samples were
taken out and placed on ice followed by virus titration. Virus
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only groups were also subjected to the same treatments in
parallel.

Bleach Inactivation on Stainless Steel Surface

The concentration of overnight cultured E. cloacae was
diluted to approximately10° cfu/ml. An aliquot of 200 ul
bacteria was washed twice with PBS by centrifugation at
10,000xg for 15 min. After the second wash, bacterial pel-
lets were resuspended with 200 pl virus stock at 10° pfu/ml
concentration. Bacteria and virus were allowed to associate
for 1 h at room temperature. Three bacteria—virus mixture
combinations (i.e., TuV+EC, MNV + EC, and A1V +EC)
were obtained for each experimental replication. Bleach at
1000 ppm concentration (pH 7.5) was prepared by diluting
commercially available household-use Clorox (active ingre-
dient 8.25% sodium hypochlorite) in 0.1M sodium phos-
phate buffer. A neutralizer solution (MEM with 0.1% sodium
thiosulfate and 10% FBS) was also prepared as described
previously (Arthur and Gibson 2015; Cromeans et al. 2014).

A stainless steel (SS) surface was pretreated with 0.1%
Tween 80, 70% ethanol and deionized water, then auto-
claved. In a biological safety cabinet, 50 ul of each bacte-
ria-virus mixture was pipetted on the SS surface to air-dry
for approximately 30 min. The treatment groups were then
covered with 100 pl of 1000 ppm bleach, while the nega-
tive control group received 100 pl of neutralizer solution.
After a 5-min contact time, treatment and negative control
groups received 300 pl of neutralizer solution. To inacti-
vate any remaining bacteria, 100 pl of 11 mg/ml imipenem
(Sigma—Aldrich, St. Louis, MO) were pipetted into each
sample. Preliminary experiments were carried out to confirm
that bacteria can be completely inactivated by imipenem.
Bacteria at 10° CFU/ml was the highest concentration that
could be used in order to be fully inactivated by 100 ul of
11 mg/ml imipenem (data not shown). Additionally, neu-
tralization of the active chlorine with the neutralizer solution
was confirmed using active chlorine test strips for sanitiz-
ers and disinfectants (Bartovation, New York, NY). The
samples were then recovered from the SS surface by cell
scraper (VWR, Radnor, MA) and pipetting multiple times.
In parallel, the same treatments were applied to virus-only
samples. Immediately following experiments, virus concen-
trations were determined by plaque assays as described for
virus stock titration.

Statistical Analysis

In this study, a random complete block design (RCBD) was
used for experimental design. To analyze the effect of bac-
teria presence and treatment time length on different virus
survival under thermal treatment, a three-way ANOVA was
performed in JMP Pro 14 (SAS Institute, Cary, NC). The
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bacterial effect on viruses under bleach treatment was ana-
lyzed with one-way ANOVA. P <0.05 was considered as
statistically significant.

Results

Thermal Inactivation of Viruses with E. cloacae
Present

The thermal inactivation of TuV, MNYV, and AiV with E.
cloacae (EC) present was measured at 56, 63, and 72 °C.
The D-values of virus only and virus + EC groups at 56, 63
and 72 °C are summarized in Table 1. At 56 °C, the presence
of E. cloacae did not increase the heat resistance of tested
viruses (Fig. 1). At several time points, virus alone sur-
vived even better than virus + EC groups. Specifically, TuV
showed significantly higher heat resistance than TuV +EC
at 0.5 and 1 min (p <0.05). Similarly, MNV alone survived
better than MNV +EC at 5 and 10 min (p <0.05), and AiV
survived better than AiV +EC (p <0.05) at 1 min. At the
other time points, the virus alone group did not show any
significant difference compared to the corresponding EC
present groups. Comparatively, among three surrogates,
AiV was overall more heat sensitive than MNV and TuV.
At 0.5 and 1 min, TuV showed the highest heat resistance.
However, there were no significant differences between TuV
and MNV at 5 min and after. Notably, MNV survived and
remained infective even at 10 min (2 log;, PFU/ml), whereas
other viruses were undetectable.

When exposed to 63 °C (Fig. 2), AiV was inactivated
within 0.5 min (not shown in Fig. 2) while MNV and TuV
survived > 1 min. Similar to what was observed at 56 °C,
virus alone groups still showed better heat resistance than
virus + EC at 63 °C. At 0.5, 1 and 2 min, the survival of
TuV alone was significantly higher than TuV +EC. Also,
TuV was the only detectable virus at 2 min. At 72 °C, MNV,
MNYV +EC, A1V, AiV+EC and TuV + EC were all under
the detection limit within 0.5 min. Only 1 log,, PFU/ml of
TuV survived at 0.5 min (data not shown).

Bleach Inactivation of Viruses on Stainless Steel (SS)
Surface in the Presence of E. cloacae

The investigation of the bacterial effect on the resistance of
viruses under 1000 ppm chlorine bleach inactivation was
carried out on stainless steel (SS) surface (Fig. 3). To avoid
bacterial interference on the plaque assay, bacteria starting
concentrations were set at 10° CFU/ml to allow a complete
inactivation by imipenem (antibiotic). Overall, the pres-
ence of E. cloacae showed neither significant enhancement
nor decrease on the survival of viruses. The reductions of
virus and virus + bacteria groups were at very similar lev-
els. Regardless of bacteria, AiV showed the highest chlorine
bleach resistance among the tested viruses, with only 0.94
log;, PFU/ml reduction after a 5-min exposure to 1000 ppm
chlorine bleach while TuV was the most susceptible with
3.86 log,, PFU/ml reduction in infectious virus.

Discussion

After the initial reports on the binding of hNoV to enteric
bacteria, questions regarding the role of bacteria in hNoV
inactivation arose (Almand et al. 2017; Li et al. 2015; Miura
et al. 2013). Heating is an important and traditional way of
food processing for inactivation of pathogens, while bleach
at 1000 ppm is the recommended minimum concentration
for hNoV inactivation on environmental surfaces (Barclay
et al. 2014). Our study demonstrated the survival of hNoV
surrogates in the presence of gram-negative bacterium E.
cloacae. In contrast to our initial hypothesis, the results indi-
cated that the bacteria—virus co-culture did not enhance the
survival of surrogates under heat (56, 63, and 72 °C) and
bleach treatment.

Virus heat inactivation studies in the presence of bac-
teria have also been reported previously. Li et al. (2017)
studied the protective effect of HBGA-expressing E. coli
086:H2 and non-HBGA-expressing E. coli K-12 on TuV
under heat-denaturation at 56 °C. The authors showed that
TuV was able to bind to both types of E. coli strains through
different binding effects; however, neither of the bindings

Table 1 D-values of virus alone

. Tempera-  Decimal reduction values (min)
and virus + E. cloacae exposed ture (°C)
to varying temperatures AiV MNV TuV
Virus only E. cloacae Virus only E. cloacae Virus only E. cloacae
56 2.38+£0.03 2.45+0.03 7.62+£0.03* 2.53+0.01* 1.84+0.01 2.19+0.02
63 - - 0.41+0.01 0.44+0.01 1.24+0.02%  0.41+0.01*
72 - - - - 0.18+0.01*  0.09+0.01*

AiV Aichi virus, MNV murine norovirus, 7uV Tulane virus

*Indicates there is a significant difference in D-values between virus and virus + bacteria groups, statistical
comparison used student ¢ test (p <0.05)

@ Springer



242

Food and Environmental Virology (2019) 11:238-246

Fig. 1 Thermal stability of
viruses alone and in co-culture
with E. cloacae at 56 °C. Scat-
ter plots indicate mean value of
virus concentration for AiV (a),
TuV (b) and MNV (c¢) under
conditions with virus alone
(round, solid line) versus virus
in co-culture with E. cloacae
(triangle, dash line) at different
time points. Regression lines
were fitted, and regression
equations are presented. The
co-cultures of virus and bacteria
were in 1:10,000 ratio. Each
error bar is constructed using

1 standard deviation from the
mean
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conveyed protection to TuV when compared to TuV alone.
In contrast, Li et al. (2015) reported that incubation with
HBGA-expressing E. coli significantly protected the immu-
noreactivity of hNoVLP GI.1 and GII.4 after exposure to
heat at 90 °C compared to that of VLP alone or when incu-
bated with non-HBGA expressing bacteria. Unfortunately,
the inherent differences between surrogates and VLP as well
as the distinct experimental setups do not allow for direct
comparison. In fact, the comparison among different studies
has always been difficult to make due to differences in exper-
imental designs or manipulations. For instance, the present
study showed > 5 log,, PFU/ml reduction of TuV after
10 min at 56 °C which is in accordance with the findings
of Cromeans et al. (2014). Meanwhile, Tian et al. (2013)
reported 3.5 log,, PFU/ml reduction of TuV infectivity. The
latter two studies used TCIDs, assay for virus quantification.

Interestingly, the virus+ bacteria groups during heat
inactivation (56 and 63 °C) showed either slightly lower
or significantly lower virus concentrations than virus alone

Time (min)

groups at all tested time points. One explanation is that bac-
teria presence changes the susceptibility of the host cell to
viruses and thereby affected virus quantification results.
The report from Li et al. (2017) demonstrated that incuba-
tion with bacteria reduced the replication and/or attachment
of TuV 48 h post-infection in LLC-MK2 cells (p <0.05).
Another study by Bellinghausen et al. (2016) indicated that
certain inactivated bacteria cells could affect the host cell
immune responses and could actually induce the immune
response against a subsequent viral infection. However,
Bellinghausen and co-authors did not observe this bacteria-
induced enhancement on the host immune system for all
tested bacteria types. In contrast, our preliminary study on
virus and E. cloacae cell components (i.e., bacterial cell
lysate) indicated that the presence of bacteria cell compo-
nents led to very little effect on virus quantification.

The bleach inactivation experiments evaluated the effect
of E. cloacae on virus survival during exposure to 1000 ppm
chlorine bleach on SS surface. The virus and bacteria
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Fig.3 Bleach inactivation of hNoV surrogates alone and in co-cul-
ture with E. cloacae. The x-axis indicates the experimental condi-
tions, and y-axis indicates the log,, reduction of virus on a stainless
steel surface after treatment with 1000 ppm bleach for 5 min. The
suspensions of virus and bacteria were in 10:1 ratio and allowed to
associate for 1 h at room temperature prior to inoculation of the SS
surface. EC stands for E. cloacae. Each error bar is constructed using
1 standard deviation from the mean. Different letters (A—C) indicate
significant differences (p <0.05) among virus log reductions

mixtures were dried on stainless steel surface before bleach
treatment to more closely mimic a food processing or prepa-
ration environment. Chlorine bleach is a commonly used
disinfectant for elimination of hNoV in public and institu-
tional settings along with food preparation environments,
and it has been intensively characterized for its effectiveness
against hNoV and its surrogates (Diggs et al. 2008; D’Souza
and Su 2010). However, it is unclear whether bleach could
still effectively inactivate hNoV with bacteria present, con-
sidering the complicity of binding activity between virus
and bacteria (Almand et al. 2017; Miura et al. 2013). In this
study, the co-culture with bacteria did not significantly affect
the resistance of viruses, but rather resulted in large varia-
tions in virus reduction. For instance, for TuV and AiV, the
bleach inactivation of pure viruses on surfaces was consist-
ent across replications, whereas virus reductions in associa-
tion with bacteria demonstrated large standard deviations. It
is possible that the presence of bacteria—though inactivated
by antibiotics—could negatively affect the plaque assay;
however, preliminary work did not indicate any deleterious
effects. Besides E. cloacae, additional preliminary experi-
ments also investigated a gram-positive bacterium Bacillus
cereus in bleach inactivation; however, no significant effect
was observed (data not shown).

While the most appropriate variables and study design
were considered, several potential limitations of the pre-
sent study have been identified. First, the bacteria and virus
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co-culture were not further characterized with respect to the
specific binding activities. We did not determine how many
viruses were binding to bacteria by heat inactivation, and
moreover, whether heat promoted more bindings or broke
the existing interaction between virus and bacteria. Second,
the design of the bleach inactivation experiments on surfaces
did not consider the matrix such as food residuals which
could lead to different results. For instance, as reported by
Yamaoka et al. (2016), an environment rich in organic matter
significantly decreased the effectiveness of sodium chlorite
on the inactivation of tested foodborne pathogens including
hNoV surrogates such as FCV. Similarly, the thermal inac-
tivation experiment suspension did not include any nutrients
or food matrix either. Besides, gram-negative bacteria were
selected in our study since the sialylated lipopolysaccharides
on gram-negative bacteria surface are commonly involved
in hNoV binding (Almand et al. 2017). In fact, both gram-
positive and gram-negative bacteria can provide binding
sites for hNoV. Future investigation should involve more
bacteria types, especially gram-positive bacteria into the
experiment design. Moreover, in reality the bacteria present
in the food or environment likely exist at much lower con-
centrations as well as including a greater variety of bacterial
genus and species which would result in different virus—bac-
teria interactions. Lastly, though bacteria—virus associations
were indirectly observed, we did not further characterize
the specific binding sites and mechanisms. It is therefore
not clear which and how many types of binding occurred
during this study.

Despite the close genetic relatedness with hNoV, the
surrogates of hNoV vary in their biological, biophysical,
and biochemical characteristics (Cromeans et al. 2014).
Though not belonging to the Norovirus genus, TuV sequence
is closely related to hNoV GII, and it is structurally more
similar than MNV to hNoV (Hirneisen and Kniel 2013).
Nevertheless, the binding activity between surrogate and
bacteria do not completely mimic the behavior of hNoV
based on current research. For instance, some of the ligands
that TuV recognize overlap with hNoV but not all (Drouaz
et al. 2015). Almand et al. (2017) reported the binding of GI
and GII hNoV to ten selected gut microorganisms, whereas
TuV bound to only five of them. With respect to AiV, it has
been reported that the frequency and abundance of AiV can
be higher than other enteric viruses making it potentially
a good indicator of viral contamination in a given envi-
ronment (Kitajima and Gerba 2015). In the present study,
AiV showed the highest sensitivity to heat and the low-
est to bleach which is in accordance with previous reports
(Cromeans et al. 2014; Kitajima and Gerba 2015).
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