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The host-microbe interaction

microbial niche establishment

niche competition

virulence factors

regulation of gene expression

state of health 

immunologic competence

virulence factor susceptibility

tissue-specific regulation



Critical care and the microbiome

Alverdy and Luo, Front Microbiol, 2017



Critical Illness: a complex system
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What is the basis for microbial impact

on human health?

Understanding BOTH composition and function will be

essential to enable prophylactic and therapeutic intervention

COMPOSITION WHO IS THERE?

FUNCTION
WHAT CAN THEY DO? 

ARE THEY ACTIVE?



The host-microbe interaction

Key Questions:
1)  Does the microbiome cause critical illness?
2)  Does the microbiome modulate outcome in critical illness?
3) Can the microbiome be harnessed to protect against 

critical illness?



The host-microbe interaction

1) Does the microbiome cause critical illness?
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The host-microbe interaction

2) Does the microbiome modulate outcome in critical illness?



The microbiome and disease: a vicious cycle

microbiome

host immune

repertoire

ILLNESS

host immune

modulation

pathobiome

Haack and Wiersinga, Lancet Gastroenterol Hepatol, 2017

Fay, et al, BBA Molecular Basis of Disease, 2017

Alverdy and Luo, Front Microbiol, 2017



Microbiome health and risk of sepsis

Haack and Wiersinga, Lancet Gastroenterol Hepatol, 2017



Interferon response is required for protection

against lethal influenza

Steed, et al, Science, 2017

interferon

response



Identification of microbial metabolites

that influence interferon response

Steed, et al, Science, 2017



Steed, et al, Science, 2017

A single microbial metabolite protects against

lethal influenza



The host-microbe interaction

3) Can the microbiome be harnessed to protect against 

critical illness?



to S9). Consistent with our hypothesis that DAT

protects from influenza infection by enhancing

type I IFN signaling before infection, DAT con-

ferred no beneficial effect on weight loss or sur-

vival in Ifnar –/– animals (Fig. 3B and fig. S10).

DAT protection wasnot H1N1WSN strain–specific,

as mice infected with PR8 and California/09 were

protected by DAT (fig. S11).

We hypothesized that augmentation of type I

IFN activity by DAT protects mice via a mecha-

nism similar to that found in the Irgm1–/– mice.

Indeed, DAT protection was not associated with

a difference in viral titers 5 days postinfection

(Fig. 3C), but we found less viral RNA in the

lungs of mice treated with DAT than in controls

(Fig. 3D). Similar to our findings in the Irgm1–/–

gain-of-function model, greater airway epithelial

damage and apoptosis were observed in con-

trol lungs than in DAT-treated mice (Fig. 3, E

to G). These findings show that DAT also dam-

pens host damage associated with influenza

infection.

DAT generation occursduring flavonoid metab-

olism, and specific microbiota species metabo-

lizeflavonoids(46).A limited screen of thehuman

fecal microbiota for flavonoid metabolism to DAT

identified Clostridium orbiscindens(41) (Fig. 3H).

Note that clostridial species are sensitive to met-

ronidazole and vancomycin (47), the individual

antibiotics that enhanced influenza-associated
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Fig. 3. DAT prot ect s f rom inf luenza via t ype I IFN signal ing.

(A) Kaplan-Meier survival analysis of groups of mice treated without

antibiot ics (left) or with a cocktail of broad-spectrum antibiot ics (right,

VNAM) and then treated with or without DAT before infection (n =

30 mice per group from two experiments, inclusive of all groups but

plot ted separately for clarity). (B) Kaplan-Meier survival analysis of

Ifnar – / – mice treated with or without DAT and infected with influenza

(n = 18 to 21 mice per group from two experiments). (C) Infect ious viral

load determined by plaque assay at day 5 post infection for groups of

mice from (A) (n = 10 mice per group from two experiments). (D) Matrix

viral RNA expression determined by qRT-PCR from lung homogenates

of mice treated with or without DAT as in (C). (E and F) Representative

images of lung cross sections from mice treated with or without DAT

at 5 days post infection. Boxed areas are magnified immediately below.

(E) H&E stained sections. Scale bar, 50 mm. (F) Sections stained for

cleaved caspase 3 by immunohistochemistry. Scale bar, 20 mm.

(G) Percentage of airways posit ive for at least one cleaved caspase–

posit ive cell within an airway cross section [n = 10 mice per group

from two experiments for (E) to (G)] . (H) Time course of quercetin

degradat ion after incubation with control, mouse cecal contents, or

single bacterial species (n = 6 replicates per group from two

experiments). (I) Kaplan-Meier survival analysis of VNAM-pret reated

mice gavaged twice with PBS, cecal contents, or single bacterial species

and then infected with influenza (n = 20 mice per group from two

experiments for PBS, cecal contents, C. orbiscindens gavage or 10 mice

per group for C. leptum or E. fecalis gavage). (J) Stool DAT levels

measured by mass spectroscopy at t ime of infect ion in mice from (I)

(n = 10 per group). Statist ical significance per group is compared

with PBS-gavaged group. Means ± SEM. *P < 0.05; * *P < 0.01;

* * *P < 0.001; * * * *P < 0.0001; and ns, not statist ically significant.

Mantel-Cox test with or without Bonferroni-corrected threshold used in

(A), (B), and (I). Mann-Whitney test used in (C), (D), and (G). ANOVA

used in (H) (F = 50.8) and (J) (F = 14.5) with Dunnet t 's mult iple-

comparisons test.
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Steed, et al, Science, 2017

Microbial specificity of survival benefit



Mechanistic insight on disease protection
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Steed, et al, Science, 2017



The microbiome in critical illness

Unique host and microbiome

Both early imprinting and

events in life shape microbiome

NOT STATIC!

Understanding risk and designing

prevention and therapy will require

knowledge of functional impact

of microbiome



How can we harness the microbiome?

NO YES






