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ABSTRACT

Viral infections, particularly human norovirus (NoV), are a leading cause of diarrheal diseases
globally. To better understand NoV susceptibility, it is crucial to investigate both host glycobiology
and the influence of the microbiota. Histo-blood group antigens (HBGA) displayed on surfaces of
host cells act as NoV receptors, while certain bacteria express HBGA-like substances, facilitating
virus-bacteria interactions. To identify bacterial species interacting with NoV during infection, stool
samples from children infected with NoV Gll.4 were analyzed. The samples were subjected to
bacteria separation using anti-NoV Gll.4 polyclonal antibodies coupled to magnetic beads, fol-
lowed by microbiota profiling through 16S rDNA sequencing. This approach identified the genus
Rhodococcus as enriched in samples captured with anti-NoV antibodies compared to controls.
Electron microscopy confirmed the binding of NoV Gll.4 Sydney 2012 viral-like particles (VLP) to
five Rhodococcus strains from different species, which expressed HBGA-like substances on their
surfaces, particularly from A and B blood groups. In human intestinal enteroids, Rhodococcus
erythropolis reduced NoV Gll.4 Sydney 2012 infection levels under displacement, exclusion and
competitive exclusion settings. Extracellular polysaccharides (EPS) isolated from Rhodococcus
strains bound VLP from both GIl.4 and GIl.6 genotypes. Blocking antibodies targeting A and
B epitopes reduced the binding of the EPS from R. erythropolis to Gll.6 VLP, while enhanced
binding to Gll.4 VLP was observed when A and B epitopes were blocked. These findings revealed
the interaction of Rhodococcus to NoV in an in vitro setting and open new avenues for developing
innovative antiviral strategies to prevent and treat NoV infections through the HBGA-like sub-
stances present in their EPS.
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Introduction such occurrences globally.>* NoV exhibit high

Viral infections are a leading cause of diarrheal
diseases and are the second cause of death in devel-
oping countries." Among these, human norovirus
(NoV) is a predominant etiological agent of acute
gastroenteritis (AGE). According to the Center for
Disease Control and Prevention, an estimated
685 million cases of NoV infection occur annually,
with 200 million of these cases affecting children
under the age of 5. NoV-induced fatalities among
young children can reach up to 50,000 each year.”
Moreover, NoV represents the main origin of
sporadic outbreaks of gastroenteritis linked to
food ingestion, accounting for roughly 50% of

infectivity, with minimal viral loads sufficient to
initiate infection. Multiple transmission routes are
implicated in NoV AGE, including the consump-
tion of contaminated water and food, person-to-
person contact, aerosols exposure, and the fecal-
oral route.” Phylogenetic analysis of the NoV VP1
protein has revealed significant genetic diversity,
with more than 49 genotypes. However, the GII.4
Sydney 2012 variant is responsible for the majority
of global NoV outbreaks.®

To comprehensively investigate susceptibility to
NoV infection, two crucial aspects within the intri-
cate intestinal ecosystem must be addressed. First,
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the significance of host glycobiology is paramount.
Multiple studies highlight the role of histo-blood
group antigens (HBGA) present on mucosal sur-
faces as receptors for NoV. Furthermore, distinct
binding patterns have been observed among various
NoV genotypes and variants in relation to different
types of HBGA present within the human
population.””'? Secondly, in recent years, the influ-
ence of the intestinal microbiota on the restriction or
promotion of NoV infection has been observed.'' ™"
Additionally, some bacterial groups, such as
Enterobacter  cloacae, Enterobacter  faecium,
Klebsiella spp., Citrobacter spp., Ruminococcus gauv-
reauii and Hafnia alvei are known to express
HBGA-like substances on their surfaces, which par-
ticipate in the mechanisms of interaction between
these bacterial groups and enteric viruses.'*

The historical lack of a consistent human NoV
replication model has significantly hindered
research into susceptibility to NoV infection.
Consequently, much of the evidence to date has
been derived from in vitro and animal models.
Recognizing the emerging role of bacteria in NoV
interactions, this study aimed to identify bacterial
taxa associated with NoV during natural human
infections and evaluate their influence on NoV
infectivity using an in vitro model. To achieve
this, the microbiota associated with NoV was ana-
lyzed by 16S rDNA analysis using stool samples
from NoV-infected individuals. The investigation
further evaluated the relevance of one identified
genus, Rhodococcus, in NoV interaction and its
effects in NoV infection in human intestinal enter-
oids (HIE), focusing on the likely role of the exo-
polysaccharides (EPS) they produce.

Results

Detection of intestinal bacteria binding to Gll.4
Sydney 2012 NoV

Stool specimens obtained from nine children
diagnosed with NoV GII.4 Sydney 2012-induced
gastroenteritis were subjected to analysis to char-
acterize bacterial genera interacting with the virus
in samples derived from human subjects. This
task involved cell separation facilitated by mag-
netic particles and treatments employing two
polyclonal antibody (pAb) types (IgG isotype

control and anti-NoV GII.4 Sydney 2012 IgG).
Three distinct groups of bacterial populations
were obtained: bacteria captured by the IgG iso-
type control pAb (C), bacteria unreactive to any
antibodies (neither the isotype control nor the
specific pAb) (N), and bacteria captured by the
anti-NoV GIL.4 Sydney 2012 pAb (NoV).
Subsequently, the microbial composition of each
bacterial subpopulations was analyzed by 16S
rDNA sequencing and compared to that of the
whole microbiota present in the stool samples
(total bacteria, T; Supplementary Figure S1).
A LEfSe analysis was used to discover microbial
taxa characterizing the differences among the dif-
ferent population of these subsamples. This
allowed finding 15 taxa exhibiting significant dif-
ferences (p < 0.05 in Kruskal-Wallis test, adjusted
by false discovery rate (FDR)) among the various
populations (Figure 1(a)). Of particular signifi-
cance, one bacterial genus, Rhodococcus, attained
Linear Discriminant Analysis (LDA) score >3,
indicating that this taxon was a highly significant
biomarker in the dissimilarities between groups.
This genus displayed notable differences between
the NoV group and the other subpopulations (p
=3.6x10"", FDR = 0.002; LDA = 3.18). Among the
nine fecal samples analyzed, one was excluded
from the analyses following an outlier test, as
the abundance of Rhodococcus spp. in this sample
significantly diverged from the typical data trend
across the four analyzed subsamples (C, N, NoV
and T subsamples corresponding to each fecal
sample). Thus, the NoV subpopulation (bacteria
captured by anti-NoV pAb) exhibited abundances
292-, 98- and 31-fold higher for Rhodococcus than
those of the T, C and N groups, respectively,
suggesting interaction of this taxon with NoV in
the stool samples (Figure 1(b)). The inspection of
the 16S rDNA sequences contributing to
Rhodococcus enrichment in the bacterial popula-
tion associated to NoV showed that most of the
reads belonged to sequences which shared 100%
identity to isolates from the Rhodococcus erythro-
polis Group (R. erythropolis, Rhodococcus qing-
shengii,  Rhodococcus  baikonurensis  and
Rhodococcus degradans). The analyses at the spe-
cies level also identified some defined taxa
enriched in NoV subsamples with LDA scores >
2, such as Lactobacillus taiwanensis/johnsonii
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Figure 1. Bacteria interacting with NoV GlI.4 Sydney 2012 in stool samples. (a) LDA of bacterial genera quantified from clinical samples
with NoV. The LDA score of the 15 taxa with significant differences (p < 0.05 in Kruskal-Wallis test, adjusted by FDR) in a LEfse analysis
is presented. Rhodococcus genus obtained the highest LDA score. The differences in color intensity correspond to higher or lower
abundance of genera for the four bacterial populations. T, total bacteria present in stools before experiment; C, bacteria recognized by
the IgG isotype control antibody; N, bacteria not recognized by the isotype control antibody nor the specific antibody; NoV, bacteria
recognized by the anti-NoV Gll.4 Sydney 2012 antibody. (b) Abundance of Rhodococcus (normalized counts) for each subsample
obtained from the nine diarrhea samples. The counts of a sample that showed abnormally high Rhodococcus counts are displayed as
outliers. ****p < 0.0001 for Sidak’s test after comparing NoV subsample to the rest of subsamples.

(FDR =7.7x107%, LDA = 2.34) and
Ligilactobacillus ~ murinus/animalis ~ (FDR =
3.5%x107°, LDA =2.35). These bacteria were of
particular relevance, as some lactobacilli are con-
sidered probiotic microorganisms and, for some

strains, binding to NoV virus-like particles (VLP)
had already been reported.'” However, normal-

ized reads and calculated statistical significance
were lower for these taxa (Supplementary
Figure S2).
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Rhodococcus spp. binds NoV Gll.4 Sydney 2012 VLP
in vitro

The discovery of the genus Rhodococcus as
a microorganism enriched in the NoV-associated
bacterial population was unexpected, as no link
with NoV infectivity had been previously documen-
ted for this genus. Consequently, we investigated the

.

Rhodococcus coprophilus

in vitro interaction of five strains of different
Rhodococcus species with NoV GIL.4 Sydney 2012
VLP. The results of the in vitro binding experiment
of VLP with each of the five Rhodococcus species are
depicted in Figure 2, where images of negative-stain
electron microscopy showing interaction between
the Rhodococcus strains and NoV VLP are

Rhodococcus rhodnii

Figure 2. Interaction between Rhodococcus spp. And NoV GlI.4 Sydney 2012 VLP. TEM images with negative staining of the adhesion
between (a), Rhodococcus hoagie; (b), Rhodococcus erythropolis; (c), Rhodococcus rhodochrous; (d), Rhodococcus rhodnii, and. (e)
Rhodococcus coprophilus and NoV Gll.4 Sydney 2012 VLP (magnification at 21000X). The bars correspond to 200 nm.



presented. Our findings indicate that all five species
possess the capability to bind NoV VLP on their
surface. This was particularly relevant for species
such as Rhodococcus hoagii and R. erythropolis
(Figures 2(a,b)), where VLP were observed aggregat-
ing within a mucous-like extracellular substance
surrounding the bacterial surface.

R. erythropolis interferes with NoV infection in
intestinal enteroid cultures

Due to the particular relevance of R. erythropolis,
we aimed to determine whether this species could
exert any effect on NoV infection. This species
has also been reported to carry polysaccharides
containing fucose.'® This sugar moiety is present
in al1,2 linkage configuration in the so-called
secretor-positive HBGA, to which NoV GII.4
Sydney 2012 specially interacts.'* For this pur-
pose, we designed three infection experiments in
HIE with R. erythropolis CECT3013: displace-
ment (bacteria added after a virus attachment
period to HIE), exclusion (virus added to HIE in
which bacteria had been previously added), and
competitive exclusion (bacteria and virus added
simultaneously). In these three experimental set-
tings, the presence of R. erythropolis reduced the
level of NoV GII.4 Sydney 2012 infection, mea-
sured as the increase in the detection of NoV
genomes in the HIE cultures, compared to the
positive control samples infected with NoV
GII.4 Sydney 2012 in the absence of bacteria
(Figure 3).

To rule out the possibility that the decrease of
infection could be due to any toxicity effect on
HIE caused by R. erythropolis, HIE were incu-
bated with three different concentrations of bac-
teria (ODggp = 0.5, ODgpo = 1 and ODgy, = 2) for
2h and the cell monolayer integrity was deter-
mined as a measure of toxicity. The results
showed that none of the bacterial concentrations
impaired monolayer integrity, showing lack of
toxicity of the bacteria 24 h after HIE exposure
(Supplementary Figure S3).
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Figure 3. Effect of the presence of R. erythropolis on NoV
infection in HIE. The viral RNA-fold increase from displace-
ment, exclusion and competitive exclusion experiments are
shown. In the three experimental settings, R. erythropolis
(ODggo 1) and 10* genome equivalents of NoV Gll.4 Sydney
2012 isolate were added. After 2 h of incubation, the HIE
monolayers were washed and NoV infection was let to pro-
ceed for further 24 h. Viral RNA was measured by rt-qPCR.
**¥p < 0.001, ****p < 0.0001 for Sidak’s test compared to con-
trol without R. erythropolis added.

Members of the Rhodococcus genus exhibit
HBGA-like structures on their surface

As all the Rhodococcus species tested were shown to
interact in vitro with NoV GII.4 VLP, we focused on
analyzing whether Rhodococcus cells expressed
HBGA-like molecules on their surface, which could
potentially serve as binding sites between these bac-
teria and NoV. We evaluated the presence of HBGA-
like substances on Rhodococcus strains using different
HBGA-specific antibodies by ELISA. The assay
showed that all strains displayed blood group A,
B and Lewis’-like substances on their surface
(Figures 4(a—e)). As a control, an E. coli strain reacted
mainly with anti-H antibodies (Figure 4(f)). The
strains of R. erythropolis, R. rhodochrous, R. rhodnii
and R. coprophilus also presented H antigen-like epi-
topes on their surface (Figures 4(b-e)).
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Figure 4. Rhodococcus spp. express compounds similar to blood group antigens on their surface. The ELISA results of recognition by
specific monoclonal anti-hbga antibodies on surface substances of R. hoagii (a), R. erythropolis (b), R. rhodochrous (c), R. rhodnii (d),
R. coprophilus (e) and E. coli (f) are shown. The image depicts the mean of triplicates + SD. Statistical significance is shown with
asterisks (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001; Sidak’s test) for each strain compared to the negative control, “None”

(samples incubated only with the secondary antibody anti-mouse HRP).

The EPS from members of Rhodococcus bind NoV
Gll.4 Sydney 2012 and NoV Gll.6 VLP

Electron microscopy images of NoV GII.4 Sydney
2012 VLP interactions with Rhodococcus cells sug-
gested that in some cases, particularly with
R. hoagii and R. erythropolis, VLP aggregated
within a mucus-like structure surrounding the

bacterial cells. The apparent viscosity observed in
liquid cultures of the employed Rhodococcus strains
(not shown) suggested that these bacteria were
producing extracellular EPS. To investigate
whether these EPS were responsible for the
observed NoV interactions with Rhodococcus, the
extracellular polymeric substances were isolated



and tested for their ability to bind NoV VLP. In
these experiments, VLP from the NoV GII.6 geno-
type were also included, as it had previously been
demonstrated that this genotype binds to blood
group A and B structures present in the EPS of
the Enterobacter cloacae SENG6 strain.'* The func-
tionality of both produced VLP (GII.4 and GII.6
genotypes) was confirmed through their interac-
tion with saliva from individuals with specific
HBGA phenotypes. These saliva samples contain
fucosylated HBGA in the form of glycoconjugates,
to which NoV VLP are capable of binding
(Supplementary Figure S4). As a negative control,
Group A rotavirus (RVA) double-layered particles
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(DLP), consisting of the inner and intermediate
layers of the rotavirus capsid (VP2 and VP6 pro-
teins) and lacking the outer layer (VP7 and VP4
proteins), were used, as RVA DLP have been
shown not to bind HBGA." Figure 5 demonstrates
that EPS derived from the five Rhodococcus strains
bound to both GII.4 Sydney 2012 and GIL.6 VLP,
but not to the RVA DLP negative control. This
finding suggests that the ability of Rhodococcus
spp. to attach to NoV resides in their EPS.
Furthermore, in these experiments, the binding of
the different EPS to GIL.6 VLP was significantly
higher compared to their binding to GII.4 Sydney
2012 VLP (p < 0.01).
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Figure 5. The EPS from Rhodococcus spp. bind to NoV Gll.4 Sydney 2012 and NoV Gll.6 VLP. Binding of the five isolated EPS to two NoV
VLP (Gll.4 Sydney 2012 and GlI.6) and to rotavirus a DLP (RVA DLP) is shown. RVA DLP were used as negative control since they do not
bind HBGA. Panel (a) shows the binding of Rhodococcus hoagie; panel (b), R. erythropolis; panel (c), R. rhodochrous; panel (d), R. rhodnii,
and panel (e), R. coprophilus. The GlI.6 VLP show a significant (**p < 0.01. Student’s t-test) higher binding to each EPS compared to

Gll.4 Sydney 2012 VLP.
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As blood group A and blood group B-like sub-
stances were the more abundant in all assayed
Rhodococcus strains, and R. erythropolis reduced
NoV GIL4 Sydney 2012 infection in HIE,
a blocking assay with antibodies against these two
HBGA was performed in order to detect inhibition
in NoV VLP binding to R. erythropolis EPS. This EPS
was biotinylated for its detection. Biotinylated EPS
conserved the same binding pattern than non-
biotinylated EPS, showing higher attachment to the
GIL.6 VLP compared to GII.4 Sydney 2012 (p < 0.01)
and lack of interaction to RVA DLP (Figure 6(a)).
Blocking experiments with anti-A and anti-B anti-
bodies showed a strong reduction of GIL.6 VLP
binding to the biotinylated EPS (p < 0.01), indicating
that these antibodies targeted epitopes in the
R. erythropolis EPS that were recognized by NoV
GIL.4 VLP (Figure 6(b)). Surprisingly, the presence
of the antibodies increased the binding of GIIL.4
Sydney 2012 VLP to the EPS (p < 0.01) (Figure 6(c)).

Discussion

Since the demonstration that the gut microbiota
played a significant role in viral infectivity,”**
efforts were made to determine its function for
the most relevant viruses causing gastroenteritis,
such as rotavirus and NoV."" Thus, the gut micro-
biota has emerged as a key player in the interac-
tions that take place between enteric viruses and
the host, and different mechanisms have been
shown or hypothesized to confer both positive
and negative effects on viral infectivity.'**7**
Many studies have demonstrated the interaction
of NoV with specific bacterial strains via surface
attachment in in vitro tests."*'>*> However, deter-
mining whether this interaction plays a specific
role in NoV infectivity remains a challenging task.
In this study, we used clinical samples from chil-
dren with acute diarrhea caused by GIL.4 Sydney
2012 NoV, currently the most significant NoV
variant,’ to identify bacterial NoV binders in
a real setting.® Through the use of immunosepara-
tion with magnetic particles, we identified
Rhodococcus as bacteria that interacted with GII.4
Sydney 2012 NoV in diarrheal samples.
Rhodococcus is a genus of Gram-positive aerobic
bacteria widely distributed in nature. It belongs to the
phylum Actinomycetota, family Corynebacteriaceae
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Figure 6. Blocking assay by anti-A and anti-B antibodies of
R. erythtopolis EPS binding to NoV VLP. Biotinylated EPS (EPS-
Biotin) from R. erythropolis was utilized in a binding assay with
NoV Gll.4 Sydney 2012 and NoV GIl.6 VLP. Panel (a) shows that
after biotinylation, the EPS still bound specifically to the NoV
VLP but not to RVA DLP, being the binding to GIl.6 VLP
significantly (**p < 0.01. Student’s t-test) higher compared to
Gll.4 Sydney 2012 VLP. Panel (b) shows that anti-A and anti-B
antibodies significantly (**p < 0.01. Student’s t-test) decreased
the binding of the EPS to NoV Gll.6. Panel (c) shows that
incubation with anti-A and anti-B antibodies significantly
(**p < 0.01. Student’s t-test) increased the binding of the EPS
to NoV Gll.4 Sydney 2012.

and it has been isolated from soil, water, and from
various living organisms. Some species are known to
be pathogenic, such as R. hoagii (formerly
Rhodococcus equi), causing zoonotic infections, and
the phytopathogen Rhodococcus fascians *® In the
past decade, species of Rhodococcus have attracted
considerable interest due to their high catabolic prop-
erties. These bacteria can degrade various



contaminants (polycyclic aromatic hydrocarbons,
dioxins, dioxin-like polychlorinated biphenyls, etc.),
making them useful for soil bioremediation.””
Despite being an aerobic microorganism,
Rhodococcus can be detected in human stool
samples.”®* Whether this bacterium interacts with
NoV in the colon or is present in the small intestine,
where NoV replicates, and is subsequently detected in
fecal samples, remains to be determined through
further analysis.

Limited information is available regarding
potential links between Rhodococcus and NoV
infectivity. A recent study involving immunocom-
promised children infected with NoV observed
differences in intestinal bacterial composition com-
pared to immunocompetent children. The results
revealed that the microbiota of immunocompro-
mised children showed an increased abundance of
taxa, including members of the
Corynebacteriaceae family such as Rhodococcus.™
However, whether this observation holds any rele-
vance to NoV infection remains unknown.
Previous experiments with probiotic strains
(Lacticaseibacillus paracasei and E. coli Nissle
1917) with capacity to bind NoV GI.1 P-particles
showed that the presence of these bacteria ham-
pered binding of GI.1 particles to HT-29 intestinal
cells monolayers in competitive exclusion assays,
whereas the bacteria promoted GI.1 particles bind-
ing to cells in exclusion or displacement assays.”'
We demonstrated that the five selected species of
Rhodococcus bound to NoV GII.4 Sydney 2012
VLP. In addition, R. erythropolis reduced NoV
GIIL.4 Sydney 2012 infection levels in HIE in three
experimental settings (competitive exclusion,
exclusion and displacement). The use of this HIE
model provides a more realistic situation for study-
ing NoV pathogenicity, as not only host cell bind-
ing is considered and viral replication can be
achieved. However, the biological relevance of the
in vitro detected NoV inhibition is still unknown.

All  five Rhodococcus strains, including
R. erythropolis, showed recognition by anti-HBGA
antibodies against types A and B, and to a lesser
extent by anti-H and anti-Le” antibodies. These
HBGA belong to the secretor pathway, which is
determined by the activity of the FUT2 enzyme
responsible for adding al,2 fucosyl linkages to
their structures. It is widely recognized that NoV

various
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GIIL.4 Sydney 2012 has a broad binding affinity for
HBGA, particularly for secretor HBGA.'? In
a study with purified EPS from E. cloacae SENG6,
it was determined that NoV GI.1 VLP (recognizing
types A and H HBGA)*'® bound to type A sugars
present in the EPS of this bacterium. Removal of
the terminal N-acetyl-galactosamine residues
(present in antigen A) from this EPS, weakened
the binding.'"* Recent studies have characterized
the composition of the EPS of some Rhodococcus
strains, including R. erythropolis,"®***> and
have  determined that it consists in
a heteropolysaccharide composed of glucose, galac-
tose, fucose, mannose and glucuronic acid, which
are sugar moieties also found in HBGA. Interaction
of NoV to bacterial EPS has also been described in
other contexts. Most NoV outbreaks involve the
consumption of contaminated seafood®* and
recent studies identified the EPS produced by
Pseudomonas composti as a factor promoting sta-
bility/persistence of NoV associated to oysters.>
Likewise, HBGA substances displayed on surface
EPS from Sphingobacterium had an impact on the
survival of NoV on leafy greens.””> Therefore, we
hypothesized that the binding of NoV VLP to
Rhodococcus spp. may involve EPS substances pro-
duced by these microorganisms. This idea was con-
firmed by purifying the EPS produced by
Rhodococcus strains and demonstrating their inter-
action with NoV VLP. Specifically, GII.6 VLP
recognized A and B epitopes in the R. erythropolis
EPS. Interestingly, the divergent results obtained in
blocking experiments with anti-HBGA antibodies
might be explained by the distinct recognition of
R. erythropolis EPS sugar epitopes by GII.4 and
GIL.6 VLP. While studying galectin-3 recognition
of group A and B glycans, it was observed that the
presence of certain sugar residues, that do not
participate in binding but promoted rigidity,
resulted in enhanced molecular recognition.>®
A similar process might be taking place here.
While GII.6 VLP recognize the same epitopes on
the EPS as anti-blood group antibodies, GII.4
Sydney 2012 VLP might recognize different
epitope(s) whose flexible glycan structures can be
stabilized by the action of anti-HBGA antibodies,
thereby increasing the affinity of GI1.4 VLP.
Different studies have evidenced the participa-
tion of molecules present in the intestinal
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environment in enteric viruses infectivity. It was
observed how hydrophobic bile acids induce the
accumulation of NoV viral particles near cells,
grouping virions and allowing for direct and effi-
cient binding to target cells.”” Other works with the
enterovirus poliovirus showed that bacterial lipo-
polysaccharide favored the stability of the virion
structure and promoted its binding to the surface
of target cells.”® In our case, we postulate that direct
binding of NoV to Rhodococcus cells via their EPS,
and subsequent inability of these sequestered
viruses to infect their target cells, may be the
main mechanism for viral infectivity restriction in
our in vitro experiments with HIE. This likely
mechanism may be driven by NoV binding to
HBGA-like substances present on the bacterial sur-
face, such as their associated EPS. Nevertheless, it
remains unclear whether this observation holds
significance during NoV infection in vivo.
Furthermore, other mechanisms cannot be
excluded. In this regard, it is interesting to note
that substances present in the surface of
Rhodococcus strains or that form part of their EPS
have been shown to possess antiviral activity in
some models. In a study with influenza virus, it
was demonstrated that a component on the surface
of R. hoagii (R. equi), phosphatidylinositol carrying
a branched-chain fatty acid, bound to the viral
hemagglutinin and blocked infection of MDCK
cells.”® However, our observations remain insuffi-
cient to establish a definitive role for Rhodococcus
in modulating NoV infectivity. The conclusions
drawn from the observed in vivo interactions and
the in vitro results must be interpreted with cau-
tion. For instance, previous studies on E. cloacae
showed that while surface components of this bac-
terium promoted NoV replication in cultured
cells,* administering E. cloacae in a gnotobiotic
pig model inhibited NoV infection.*' This under-
scores the need for more clinical data, including
comprehensive studies on the presence of
Rhodococcus and its potential correlation with sus-
ceptibility to NoV infection in humans, to deter-
mine whether Rhodococcus plays any role in NoV
infectivity. Furthermore, additional trials using
Rhodococcus strains in in vivo infection models
with NoV are essential.

Rhodococcus is a versatile genus of bacteria with
high potential for biotechnological uses, as its EPS

has been demonstrated to have applications in the
food industry (due to its high viscosity),”* pharma-
ceutic (antiviral effect) and environment
(bioremediation)®” fields. In this work, we
described an interaction of these bacteria with
NoV in stool samples, possibly linked to their EPS
substances. Whether this fact has a biological rele-
vance in the interplay between bacteria, host and
NoV and its effect in the progress of NoV infection
in humans deserves further analyses. Nonetheless,
the in vitro observation that certain Rhodococcus
species, such as R. erythropolis, may exhibit poten-
tial antiviral activity against NoV warrants further
investigation. This finding could open new avenues
for exploring antiviral strategies for the prevention
and treatment of NoV infections.

Material and methods
NoV detection and genotyping

Stool samples were collected from pediatric
patients, with an average of 14.50 *+ 5.26 months
of age, admitted to the Hospital Clinico
Universitario de Valencia between 2015 and 2019.
Nine stool samples, which tested positive for GII.4
Sydney 2012 NoV variant by RT-PCR,*™** were
selected and stored at —80°C for further analysis.

Expression and purification of VLP in Sf9 insect cells

The expression of VLP was conducted in suspen-
sion culture using Sf9 insect cells (Spodoptera
frugiperda), following the guidelines outlined in
the Bac-to-Bac® Baculovirus Expression Systems
(Invitrogen), with some modifications. Synthetic
genes (optimized for expression in insect cells
using Thermo Fisher Scientific’s GeneArt tech-
nology) were synthesized based on coding
sequences for VP1 (ORF2) and VP2 (ORF3)
selected from a clinical strain (Genbank acces-
sion number MN248513.1) for the NoV GII.4
VLP. The VP1 and VP2 genes from accession
number MN248514.1, were synthesized for pro-
ducing GIL.6 VLP. Each of these genes was
cloned into the pFastBac 1 vector (Thermo
Fisher Scientific), and the plasmids were trans-
formed into competent E. coli DH10Bac cells.
The viral stock of VP1 and VP2 was amplified



by infecting a 30-ml suspension of Sf9 cells at
a concentration of 3x10° cells/ml at
a multiplicity of infection (moi) of 0.1. The
cells were maintained in SF900 SFMII medium
(Thermo Fisher Scientific) supplemented with
antibiotics and 1% Pluronic F-127 (Sigma-
Aldrich, St. Louis, MO) in culture flasks with
aeration at 120 rpm and 27°C. The amplification
of each baculovirus was carried out for 5 days.
The baculoviruses expressing the VP2 and VP6
genes from the group A rotavirus (RVA) SAIl
strain (G3P[2]) were kindly provided by
Dr. Daniel Luque from Instituto de Salud
Carlos III, Madrid, Spain.

For the production of all the VLP (NoV GIL.4
(VP1+VP2), NoV GIL6 (VP1+VP2) and RVA
(VP2 + VP6), a volume of 500 ml of a cell suspen-
sion at 3x10° cells/ml were infected with
a mixture of VP1 and VP2 or VP2 and VP6
baculoviruses in equal proportion, resulting in
a final moi of 1 (baculovirus/cells). Production
of the VLP was carried out for 5 days. 500 ml of
the cell suspension were centrifuged at 1,000 x
g for 10 min at 4°C using a R7A-4007 rotor in
a Himac CR-30N centrifuge (Eppendorf Himac
Technologies Co.) to remove cellular debris.
Subsequently, the supernatant containing the
VLP and baculoviruses was centrifuged at
100,000 x g for 1h at 4°C using a Himac
R25ST-0507 rotor to pellet the viruses. The VLP-
containing supernatant was gently agitated over-
night at 4°C with 15% polyethylene glycol 8000
and 0.3M NaCl to aggregate the particles, fol-
lowed by centrifugation at 10,000 x g for 30 min
at 4°C using a Himac R16A2 rotor to precipitate
them. The resulting precipitate was resuspended
in 22 ml of 1X filtered PBS (0.22 pm) and supple-
mented with 1% Triton™ X-100, 3.6 U of DNase
I, and 1 mm of protease inhibitor phenylmetha-
nesulphonyl fluoride (all from Sigma-Aldrich,
St. Louis, MO). This mixture was gently agitated
for 30 min at room temperature and then sub-
jected to ultracentrifugation at 197,000 x g for
12 h at 4°C using a SW41 rotor in an L8-M ultra-
centrifuge (Beckman Coulter Inc.). The sediment
was rehydrated with 2 ml of 1X PBS overnight at
4°C. Finally, after gentle resuspension, it was cen-
trifuged for 5min at 15,000 x g in an Eppendorf
microcentrifuge. The soluble VLP in the
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supernatant were kept at 4°C until use. The pur-
ification quality was analyzed by 12% SDS-PAGE,
stained with Coomassie blue, and quantified at an
absorbance of 280 nm using a NanoDrop™ 2000
spectrophotometer (Thermo Fisher Scientific).

Production and purification of pAb

The antibodies were obtained from the serum of
female C57BL/6] mice acquired from Charles River
Laboratories (Saint Germain Nuelles, France).
Blood samples were collected from the lateral
saphenous vein, and the antibodies were purified
from the serum. Two groups of IgG antibodies
were obtained: isotype control IgG antibodies
from the serum of non-immunized mice and IgG
antibodies against NoV GII.4 Sydney 2012 VLP
following three rounds of immunization with pre-
viously obtained VLP. Immunization with VLP
was performed every 15days by subcutaneous
injection of 100 ul of a mixture consisting of 10 ug
of VLP diluted in 100 pl of 1X PBS and 100 pl of 2%
Alhydrogel® adjuvant (InvivoGen, San Diego,
California, USA). Both antibodies were purified
using a HiTrap Protein G HP column with the
AKTA start chromatography system (Cytiva), fol-
lowing the manufacturer recommendations. In
summary, 200 pl of each serum were centrifuged
for 15 min at 10,000 x g and 4°C in an Eppendorf
microcentrifuge, and the supernatant was mixed
with 800 ul of binding buffer (1.5M glycine, 3 M
NaCl at pH 9.0). After equilibrating the entire
system with this buffer, the serum sample was
injected and passed through the column at a flow
rate of 1 mL/min. Antibodies bound to the column
were eluted with elution buffer (0.1 M glycine-HCl
pH 2.7) and collected in 1 ml fractions with 100 pl
of 1 M Tris at pH 8.0 to neutralize the acidity of the
elution buffer. The fractions containing IgGs were
evaluated through SDS-PAGE. They were analyzed
on a 10% polyacrylamide gel under non-reducing
conditions to visualize a single band at 150 kDa,
corresponding to the complete pAb (two light
chains of 25 kDa each plus two heavy chains of 50
kDa). Purified IgGs were also subjected to reducing
conditions by electrophoresis on a 15% gel to
observe the light chain and heavy chain separately.
Finally, the corresponding pAb-containing



12 C. SANTISO-BELLON ET AL.

fractions were combined, and concentration was
achieved through 10 min centrifugations at 5,000
x g using TS.5.1-500 rotor and Amicon Ultra-4
tubes with 30 K cellulose filters (Merck Millipore,
Massachusetts, USA). During the concentration
process, a buffer exchange to 1X PBS was per-
formed. The final concentration of each pAb was
measured using the Bradford method. The specifi-
city of the IgG pAb against NoV GII.4 Sydney 2012
VLP was assessed by Western blotting against
strains of GII.4 Sydney 2012 NoV. The NoV GII.4
Sydney 2012 VLP used for mouse immunization
served as a positive control.

Isolation of microbiota from faeces

To detect bacteria that bind to NoV, a similar
strategy to that used to quantify the in vitro binding
of NoV VLP to intestinal commensal bacteria by
flow cytometry was followed.*” Four bacterial
populations from each of the nine selected fecal
samples were analyzed: total bacteria isolated
before treatments (T), bacteria recognized by the
IgG isotype control pAb (C subpopulation), bac-
teria not recognized by the IgG isotype control pAb
or the specific pAb (N subpopulation), and bacteria
recognized by the anti-VLP IgG pAb of GII.4
Sydney 2012 NoV (NoV subpopulation).
Immunoseparation with magnetic particles was
used for obtaining the different subpopulations,
utilizing the commercial Pierce® MS-compatible
Magnetic IP Kit - Protein A/G (Thermo Fisher
Scientific).

Two hundred milligrams of each selected fecal
sample were weighed and suspended in 1 ml of
saline solution (SS, 0.9% NaCl), previously fil-
tered through a 0.22-um filter. They were then
gently vortexed at low rpm for 10 s. Subsequently,
the suspension was centrifuged at 2,000 x g for
2min to remove cellular debris. Bacteria in the
supernatant were pelleted at 12,000 x g for 5 min
and subjected to two washes with 1ml of SS.
After the second wash, the bacterial pellet was
resuspended in 300 pl of SS and fixed overnight
at 4°C with 1200 ul of 4% paraformaldehyde.
After three 5-min washes at 12,000 x g with 1
ml SS, the bacteria were resuspended in 1 ml of
SS. From this 1 ml aliquot of fixed bacteria, 200 pl

was set aside, representing the total bacteria (T).
The remaining 800 ul were centrifuged at 12,000
x g for 5min, and the pellet was resuspended in
150 pl of SS with blocking solution (5% BSA and
2ug of IgG isotype control antibody obtained
previously). This mixture was incubated for 1h
at 37°C and kept overnight at 4°C. Subsequently,
25pul of magnetic particles coated with anti-
mouse IgG were added and maintained for 1h
at room temperature with rotation on an Intelli-
MixerTM RM-2L (ELMI, California, USA) at
95 rpm with program C1. Next, magnetic parti-
cles were placed in a DynaMag™-2 device
(Thermo Fisher Scientific). The bacteria sepa-
rated in this step were those recognized by the
IgG isotype control antibody (C). Then, the
supernatant was incubated for 1h at 37°C with
2 ug of the anti-VLP (GII.4 Sydney 2012) IgG
antibody under rotation. After this time, bacteria
bound to the magnetic particles (bacteria with
bound NoV, NoV) were separated and resus-
pended in 100 ul of SS. The remaining superna-
tant was centrifuged at 12,000 x g for 5 min, and
the pellet (bacteria not recognized by the IgG
isotype control antibody and the specific NoV
antibody, N) was resuspended in 100 pul of SS.

DNA extraction and 16S rDNA sequencing

Total DNA was isolated using the Masterpure™™
DNA Purification Kit (Epicentre Technologies
Corporation, Madison, USA) following the method
described by Gozalbo-Rovira et al.'® One hundred
microliters of each sample were incubated for
40 min at 37°C with lysis buffer (300ul of
Mastermix Tissue and Cell Lysis solution, 1 pl of
10 U/ml mutanolysin, and 2 ul of 20 mg/ml lyso-
zyme). Subsequently, samples were mixed in a 2-ml
screw-capped tube with 0.5ml of glass beads
(0.1 mm diameter) and lysed using the FastPrep-
24™ 5G bead beater apparatus (MP Biomedicals
Germany GmbH, Eschwege, Germany) with two
cycles of 1.5 min. Then, 2 pl of 18.5 mg/ml protei-
nase K (Roche, Basel, Switzerland) was added, and
samples were incubated for 20 min at 65°C with
agitation every 5min. After cooling on ice, they
were mixed with 1pl of 5mg/ml RNase A and
incubated for 60 min at 37°C. It was cooled again
and mixed for 10 s on a vortex with 155 pl of the



protein precipitation reagent from the kit. After
centrifugation at 16,000 x g for 10 min, the super-
natants were incubated and mixed with 500 ul of
isopropanol. DNA was precipitated for 10 min at
16,000 x g, followed by ethanol washing. After air
drying, DNA samples were resuspended in 50 ul of
MilliQ® water. DNA concentration was measured
and normalized using the Qubit® 3.0 fluorometer
(Life Technologies, Carlsbad, CA, USA). The
extracted DNA was stored at —20°C until use.

The V3-V4 region of the bacterial 16S rDNA
gene was amplified by PCR utilizing Illumina adap-
ter overhang nucleotide sequences as per Illumina
protocols. Subsequently, a multiplexing step was
carried out with the Nextera XT Index Kkit
(Illumina, San Diego, CA, USA). Amplicons
underwent assessment with a Bioanalyzer DNA
1000 chip, and libraries were subjected to sequen-
cing via a 2x300 bp paired-end run (MiSeq
Reagent kit v3) on a MiSeq-Illumina platform
(SCSIE, Universitat de Valencia, Valencia, Spain).

Bioinformatic analysis

The data were demultiplexed using Illumina’s
bcl2fastq program. The reads were quality-
checked, had their adapters trimmed, and were
filtered using AfterQC and FastQC v0.11.8 tools
(http://www.bioinformatics.babraham.ac.uk).
Filtered reads were checked for chimeric
sequences, and non-chimeric sequences were pro-
cessed using QIIME™ V1.9.1. Chimeric sequences
were removed from the reads using the USEARCH
6.1 algorithm. The resulting sequences were clus-
tered at 97% identity into operational taxonomic
units (OTUs) using the UCLUST classifier, and
taxonomic classification of representative sequences
was performed based on the Greengenes 16S rRNA
database (version 13.8) using PyNAST.
Microbiome analysis was performed with the
Marker Gene Count Data Analysis option of the
MicrobiomeAnalyst pipeline (https://www.micro
biomeanalyst.ca/).*® A further filtering step was
performed to remove low-quality or non-
informative features in order to enhance subse-
quent statistical analysis. Firstly, OTUs with more
than two reads were included (6382 of 8391 total
OTUs). The data were normalized by rarefying to
the minimum library size (188955 of 20,387,750
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total reads), and data was scaled to the total sum
of squares.

For the identification of bacteria interacting with
viruses, LDA Effect Size (LEfSe) was performed.*’
Differences in abundance between virus-binding
and non-virus-binding groups were analyzed,
focusing on genera with significant differences
among the various treatments [p<0.05 in the
Kruskal-Wallis test, adjusted for FDR]. For con-
ducting interaction experiments, the bacterial
genus with the highest LDA score was considered.

Bacterial strains and culture conditions

Five strains representing type species of the genus
Rhodococcus were obtained from the Spanish Type
Culture Collection (CECT, Burjassot, Spain). The
bacteria were cultured under aerobic conditions
(agitation at 200 rpm) following the recommenda-
tions of the CECT: R. hoagii CECT555 (TSA med-
ium at 30°C), R. erythropolis CECT3013 (YEME
medium at 30°C), R. rhodochrous CECT5749
(YEME medium at 30°C), R. rhodnii CECT5750
(TSA medium at 26°C) and R. coprophilus
CECT5751 (YEME medium at 30°C).

Binding assays between bacteria and Nov Gll.4
Sydney 2012 VLP

The cells of each Rhodococcus strain were grown
overnight washed and diluted to an ODggo = 1.
Subsequently, 200 pl of the bacterial suspension
were incubated with 10 pg of NoV GII.4 Sydney
2012 VLP for 1h at 37°C with rotation at 36 rpm.
After this period, the suspension was centrifuged
and washed twice with 1X PBS at 2,000 x g for
10 min.

Visualization of the NoV-bacteria interaction
was performed through transmission electron
microscopy (TEM) at the Electron and Confocal
Microscopy Unit of the Carlos III Health Institute
(Madrid, Spain) and at the Electron Microscopy
Unit of Centro de Investigacién Principe Felipe
(Valencia, Spain). After the final washes to remove
unbound VLP, the pellets containing the bacteria
were resuspended in 100 ul of 1X PBS. 15 ul of
these suspension were collected and incubated on
copper grids coated with collodion-carbon. These
grids were previously ionized by ion discharge in
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the Quorum QI50T ES system (Quorum
Technologies, East Grinsted, United Kingdom).
After 5 min of incubation on the grid, two succes-
sive washes were performed using 50 pl of MilliQ
water. Finally, the sample were stained for 1 min
with 5pl of 2% (w/v) uranyl acetate. For sample
observation, a FEI Tecnai 12 electron microscope
equipped with a LaB6 filament was used, operating
at 120 kV and equipped with a FEI Ceta CCD
camera. Images were captured at a nominal mag-
nification of 21000X.

Expression of HBGA-Like substances on the
Rhodococcus spp. surface

The different Rhodococcus species and E. coli
DHI10B (grown in LB) were grown and adjusted
to an ODgg of 1 in carbonate/bicarbonate buffer.
*SAn ELISA plate (Costar) was coated in triplicate
with 100 ul/well of this bacterial suspension at 4°C
overnight. After three washes with PBS-T, the plate
was blocked for 1 h at 37°C with 3% BSA in PBS-T.
Three additional washes were performed, and the
plate was incubated for 1 h at 37°C with monoclo-
nal antibodies against HBGA (anti-blood group
A [catalog no. 70501 Diagast], anti-blood group
B [catalog no. 70502 Diagast] anti-H antibody [cat-
alog no. 922102, BioLegend]; anti-Lewis® antibody
[catalog no. 922202, BioLegend]; anti-Lewis® anti-
body [catalog no. SAB4700761, Sigmal; anti-Lewis™
antibody [catalog no. 912901, BioLegend]; and
anti-Lewis” antibody [catalog no. 912501,
BioLegend]. After three washes, the plate was incu-
bated for 1 h at 37°C with a secondary antibody at
1:2,000 with 1% BSA (anti-mouse HRP). After
three washes, the reactions were developed with
SigmaFast-OPD (Sigma), stopped with 2M H,
SO,, and read at 492 nm. Saliva from a Se+B
individual*® (secretor positive, which possesses at
least one functional copy of the FUT2 gene and
thus synthesizes fucosylated HBGA with al,2 lin-
kages; blood group B) were used as controls to test
functionality of the antibodies (Supplementary
Figure S5). As a negative control, each well of
bacteria was incubated with the secondary anti-
body (anti-mouse HRP) only.

Isolation of Rhodococcus spp. EPS

To isolate the EPS from the five Rhodococcus spp.
strains the protocol described by Wa et al., 2022
was utilized with modifications.* Bacteria were
cultured overnight in YEME medium at 30°C and
agitation at 200 rpm. Next day the cells were pel-
leted and the supernatants were incubated with
trichloroacetic acid at a final concentration of
20% (v/v) for 8 h at 4°C to precipitate the proteins.
The samples were centrifuged at 12,000 x g and
anhydrous ethanol with a ratio 3:1 (v/v) was added
to the supernatants to precipitate the EPS. Samples
were centrifuged at 12,000 x g for 20 min at 4°C
and the pellet containing the EPS was diluted in 2
ml of ultrapure water. To quantify the EPSs the
phenol/sulfuric method was used. 10 ul of each
sample was mixed 1:1 (v/v) with a solution of 6%
phenol. Then, 100 pl of concentrated sulfuric acid
were added and the samples were incubated 30 min
at room temperature. Absorbance at 480 nm was
measured and the concentration was calculated
using a calibration curve performed with known
amounts of glucose.

The EPS from the strain R. erythropolis was
biotinylated in one step as previously described.”
In brief, 4,6 mg Biotin-LC-hydrazide (Pierce) was
dissolved in 70 ul of dimethyl sulfoxide (Sigma
Aldrich) by vigorous mixing and heating at 65°C
for 1 min. Afterwards, 30 ul of glacial acetic acid
were added and the mixture was poured onto 6.4
mg of cyanoborohydride (Sigma Aldrich) that
was completely dissolved after heating at 65°C
for 1 min. Then, the mixture was added to 1 mg
of dried EPS. The reaction was carried out at
65°C for 2 h and the sample was purified imme-
diately. A purification cartridge was prepared
with two filter discs (12mm in diameter) of
Whatman QM-A Quarz Microfiber filters
inserted in a holder (5-ml syringe). The cartridge
was washed with 1 ml of water, 1 ml of 30%
acetic acid in water, and 1 ml of acetonitrile.
Then the sample was uniformly applied on top
of the filters and allowed to bind for 15 min. The
filters were washed with 1 ml of acetonitrile, 6 x
1 ml with 4% acetonitrile in water and finally
eluted in 4 x 0.5 mL of water.



Binding assay of bacterial EPS with NoV Gll.4
Sydney 2012 and NoV Gli.6 VLP

To demonstrate the specific binding of two differ-
ent NoV genotypes (GII.4 Sydney 2012 and GII.6)
and ELISA-like binding assay was established fol-
lowing the protocol described'* with modifica-
tions. One pg per well in 100 ul of each of the
NoV VLP (VP1+VP2) or 1 pg of RVA DLP (VP2
+VP6) were coated in triplicate at 4°C overnight in
carbonate/bicarbonate buffer. After three washes
with 200 ul of PBS-T, the plate was blocked for
1 h at 37°C with 200 pl of 3% BSA in PBS-T. The
wells were then incubated with 10 ug per well of
each one of the purified EPS (see above) and incu-
bated at 37°C for 2 h. After three washes with 200 ul
of PBS-T, the plates were incubated with 100 pl/
well of anti-blood group B antibody (Diagast)
diluted 1/100 in PBS-T and incubated for 1h at
37°C. After three washes, the plate was incubated
for 1 h at 37°C with a secondary antibody at 1:2,000
with PBS-T containing 1% BSA (anti-mouse HRP).
After three washes, the reactions were developed
with SigmaFast-OPD (Sigma), stopped with
2 M H,SO,, and read at 492 nm.

Binding blocking assay of bacterial EPS with NoV
Gll.4 Sydney 2012 and NoV Gll.6 VLP

The blocking ability of a combination of monoclo-
nal anti-blood group A (catalog no. 70501 Diagast),
and anti-blood group B antibodies (catalog
no. 70502 Diagast) mixture was studied using the
biotinylated EPS from the R. erythropolis strain. To
study the blocking ability, NoV VLP as well as RVA
DLP were coated in ELISA plates as described
above. During the blocking step, a dilution 1/100
of both anti-A anti-B antibodies was incubated
with the biotinylated EPS from R. erythropolis at
a concentration of 10 pug/ml in PBS. After this
blocking step, the wells were washed and the
blocked biotin-EPS, as well as a control without
antibodies were added in triplicate (100 ul per
well). The ELISA plate was incubated 2 h at 37°C
to allow EPS binding to VLP. After washing (3 x
200 ul of PBS-T), 100 ul of a HRP-streptavidin
(Sigma Aldrich) diluted 1/5,000 in PBS-T were
added to each well and incubated 1h at 37°C.
After three washes, the reactions were developed
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with SigmaFast-OPD (Sigma), stopped with
2M H,SO,, and read at 492 nm.

Replication of Gll.4 Sydney 2012 NoV in HIE in the
presence of R. erythropolis

Secretor positive HIE derived from human jejunal
biopsy (J2 cell line) were provided by Prof. Mary
K. Estes (Baylor College of Medicine, Houston,
TX). Undifferentiated 3D HIE and differentiated
monolayers were maintained and produced using
commercial IntestiCult™ Organoid Medium
Human media (STEMCELL Technologies Inc.).
HIE cultures were maintained and propagated as
undifferentiated 3D cultures embedded in Matrigel
using Organoid Growth Media (OGM), prepared
by mixing equal volumes of components A and B,
and supplemented with 10 mm ROCK inhibitor
Y-27632. After 7 days, highly dense 3D cultures
were dissociated into a single cell suspension and
plated as undifferentiated monolayers. To this end,
domes were broken and cells resuspended in
Gentle Cell Dissociation Reagent (STEMCELL
Technologies Inc.). After 10-min incubation on
a rocking platform, dissociated cells were pelleted
for 5min at 200 x g, resuspended in OGM, and
seeded onto a 96-well plate previously coated with
collagen IV. After 24 h at 37°C in 5% CO,, OGM
was replaced with differentiation medium (ODM),
to induce monolayer differentiation. ODM was
prepared by mixing an equal volume of component
A and CMGF-medium (consisted of advanced
DMEM - F-12 medium supplemented with 100
U/ml penicillin-streptomycin, 10 mm HEPES buf-
fer, and 1 x GlutaMAX). HIE cell monolayers
resulted differentiated and 100% confluent after
5- to 2-days and used for NoV infections using
a NoV GII.4 Sydney 2012 strain obtained from
NoV diarrheal sample.

Three different infection experiments were car-
ried out: (i) displacement (R. erythropolis (ODggo =
1) inoculated after NoV GIL.4 Sydney 2012; 10*
genome equivalents per well); (ii) exclusion
(R. erythropolis (ODgoo=1) inoculated before
NoV GII.4 Sydney 2012; 10* genome equivalents
per well), and (iii) competitive exclusion
(R. erythropolis (ODgpo=1) and NoV GII.4
Sydney 2012, 10* genome equivalents per well,
inoculated simultaneously). To this end, two sets
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of 96-well plates with 100% confluent and differ-
entiated HIE monolayers were inoculated in quad-
ruplicate with 100 pl of each sample and incubated
at 37°C for 2 h. Then, the inoculum was removed,
monolayers were washed twice with CMGF-, and
100 pl of ODM was added to each well. For each set
of infections, one 96-well plate was immediately
frozen at-80°C (2h post infection; hpi) and
the second plate was incubated at 37°C and 5%
CO, for 24 h (24 hpi) and then frozen. Finally, RT-
qPCR was used to determine the amount of NoV
RNA from HIE monolayers at 2 and 24 hpi to
evaluate NoV replication.

Quantification of Gll.4 Sydney 2012 NoV replication
in HIE

Viral RNA was extracted using the Maxwell®
RSC Instrument (Promega) according to the
manufacturer’s instructions. Then, NoV RNA
was detected in duplicate by TagMan RT-qPCR
using the RNA UltraSense One-Step quantitative
RT-PCR system (Invitrogen) on a LightCycler
480 instrument (Roche Diagnostics, Germany).
The set of primers and probe included in the
ISO 15,216-1 (2017) was used for detecting
NoV GII.4 Sydney.

Tenfold serial dilutions of synthetic gBlock gene
fragments (IDT) were included to quantify the
NoV RNA into genome equivalents (NoV GII.4:
y = -3.56 x +40.664, R = 0.997). Positive and nega-
tive amplification controls were included in each
run. To report NoV replication (R), results were
presented as RNA fold increase, calculated as:

R = Caanpi/Conpi

where R = RNA fold increase; Cyunpi= NoV titer
at 24 hpi (genome copies/100 ul); Cypp; = NoV titer
at 2 hpi (genome copies/100 pl).

Toxicity assay

A toxicity assay was performed to assess how the
R. erythropolis aftect HIE viability at different doses
(ODgpo = 0.5, ODggp = 1 and ODggo = 2). HIE were
incubated with the different concentrations of bac-
teria for 2 h as described above, but excluding the
viral infection. After the incubation with

R. erythropolis the cells were followed up for 24 h
inspecting the monolayer integrity at 1, 3, 18 and
24 h. Monolayer integrity was calculated as the
fraction of cell area (analyzing the cell membrane
refringence) versus total well area using Image]2
(version 2.14.0/1.54f).

Statistical analyses

To assess the statistical differences between the
different groups GraphPad software (GraphPad
Prism version 9.0 for MacOsx) was utilized apply-
ing the one-way ANOVA test when multiple
groups were compared and the Student’s ¢-test to
assess differences between two groups. Differences
were considered significative when the p-value
was <0.05.
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