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Gut microbiota

e # gut microbes ~ 104

* roughly 10 times > human cells
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Functions

Modulates our immune responses
Regulates our gut motility

Degrades indigestible dietary

substances =2 energy source

(Thursby E et al., Biochemical Journal, 2017;Pfeiffer JK et al., Science, 2016; Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota ' diseases

Interactions?

Protozoa Bacteria

Graft versus host disease

Type 2 diabetes mellitus

Prokaryotic Eukaryotic
virome virome

Irritable bowel syndrome

~ = Enteric viral infections

Second most common infections after respiratory viral infections

(Thursby E et al., Biochemical Journal, 2017;Pfeiffer JK et al., Science, 2016; Karst SM, Nature Reviews Microbiology, 2016)



Norovirus:

today example to illustrate
enteric virus-gut microbiota
Interactions



Norovirus: the most common enteric virus

* Leading cause of acute gastroenteritis (AGE) across all ages L OROVIRUS

especially children

 Symptoms: nausea, projectile vomiting and watery diarrhea

e Transmission route: fecal-oral route

(CDC, 2011; Payne DC et al., NEJM, 2013)



Burden of Norovirus lllness and Outbreaks
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(CDC, 2011; Payne DC et al., NEJM, 2013)



Gut microbiota X norovirus infections
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Gut microbiota—
friend of norovirus



Gut microbiota can promote norovirus infection

v Norovirus infection

Norovirus° HBGA

-l

norovirus-positive

mouse B cell line

Unfiltered virus-positive
stool initiates productive
B cell infection

(Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota can promote norovirus infection

norovirus-positive 0.2 pum filter
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mouse B cell line

Filtered virus-positive
stool fails to infect
B cells

(Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota can promote norovirus infection

v’ Norovirus infection
is restored

norovirus-positive 0.2 pum filter
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(Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota can promote norovirus infection
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(Karst SM, Nature Reviews Microbiology, 2016)



Commensal bacteria-norovirus interaction

Binding of norovirus virus-like particles to bacterial cells and localization
of HBGA-like substances of Enterobacter sp. SENG-6
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(Miura T et al., Journal of Virology, 2013)
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How does norovirus-commensal bacteria binding stimulate
viral attachment to host cells in the intestinal tract?
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Small intestine

* A thick mucus layer maintains a physical separation between

Commensal
bacteria

the epithelium and commensal bacteria

* Norovirus exhibits specific tropism for immune cells

Possible explanations

* HBGA glycan (norovirus receptor): extracellular polymeric

substance = secrete to gut lumen by bacteria
* Norovirus can bind to secreted outer membrane vesicles

* Virus—bacteria—host cell interactions may occur preferentially

at sites of reduced host defences

(Peterson LW et al., Nature Reviews
Immunology, 2014) (Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota can promote norovirus attachment

Norovirus can interact with bacterial surface glycans (HBGA)
v’ Enhance virion stability

v’ Enhance binding to the surface of target host cells

v Enhance norovirus infection directly

(Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota can enhance
norovirus infection indirectly



Gut microbiota can promote norovirus infections indirectly
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Gut microbiota can induce a tolerogenic microenvironment

Possible explanation

Regulatory T cells

= maintain immunological tolerance to non-pathogenic

microorganisms that comprise gut microbiota
—2>suppress other cell types in an antigen-nonspecific manner

- v bystander suppression of antiviral immune responses

v Enhance norovirus infection indirectly

(Karst SM, Nature Reviews Microbiology, 2016)



Gut microbiota can suppress IFN signaling
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(Baldridge MT et al., Science, 2015; Karst SM et al., Nature Reviews Microbiology,2016)



Gut microbiota can suppress IFN signaling

Condition 2: Wild-type antibiotic-treated mice wj?}
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(Baldridg MT et al., Science, 2015; Karst SM et al., Nature Reviews Microbiology,2016)



Gut microbiota—
foe of norovirus



Probiotics inhibit norovirus infections in germ-

free pigs
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(Lei S et al., Front Microbiol, 2016)



Norovirus-gut microbiota interaction —

the complicated relationship

* Noroviruses have evolved diverse strategies to deal with the microorganisms

they encounter in the gut lumen

e Certain commensal bacteria (e.g., those with HBGA glycans) can promote

norovirus infection through direct and indirect interactions

* Non-pathogenic flora (e.g. Lactobacillus) can inhibit norovirus infection



Can we and
norovirus infections by
manipulating gut microbiota?



Norovirus-commensal bacteria interaction —

transkingdom control of norovirus infections

Possible approaches

 Design drugs that override the tolerogenic signal provided by the

Norovirus-friendly

commensal bacterial antigens Norokus Bacteria
o . o o . ‘ '
* Disrupt norovirus-bacteria interaction {{ %
Q
= Use antibiotics to deplete bacteria? |
— Bacteria s & Norovirus |,
(&)
* Use non-pathogenic flora to inhibit norovirus infections B ﬁ

(Pfeiffer JK et al., Science, 2016)



Norovirus-gut microbiota interaction —

research gaps and future challenges

* Lack of studies to investigate interactions between norovirus and

other community of gut microbiota (e.g., phages, fungi & archaea etc.)

e Multiple factors (e.g. host factors) might contribute to virus-bacteria

interactions that might affect data interpretation

* |s mouse model applicable to human norovirus infections?
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