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Objectives
To review

• The microbiome & concepts about its 

modification during critical illness

• Interventions

– Predisposition to VAP and Clostridium difficile 

– Primary prevention for VAP 

– Primary & secondary prevention for Clostridium 

difficile infection



What Is the Microbiome?

• Ecological community of commensal, 

symbiotic and pathogenic 

microorganisms …..in us or on us

• 10x more microbial than human cells

• Microbiota -- the microorganisms

• Microbiome -- their collective genomes



Living

With our Microbiome

• Microbiome reflects 1-3% of body weight

• 1990’s research on the gut microbiome has 

flourished leading to the question: 

– Is the mammalian immune system, which seems 

to be designed to control microorganisms, 

actually controlled by microorganisms? 

• 2008 NIH launch :Human Microbiome Project



JAMA 2016



The
Human

Microbiome

We can use a  genetic “barcode”  
unique to each species of bacteria  
to define a community of bacteria.

Each type of bacteria has a 
distinct barcode or DNA signature.



The
Human

Microbiome

The barcodes let us 
measure the diversity of 

bacteria present.

Classify them
into groups

Make plots of 
the composition 

to compare



Influences on The Microbiome
• Microbiome diversity is correlated with better 

health, but may be decreased today by

– Cesearean sections

– Formulae feeding

– Hygiene

– Processed food

– Indoor living

– Antibiotics (animal, human)

– Achlorhydria

• The microbiome is modified critical illness

• Interventions to modify the microbiome may help to 
restore health & attenuate disease



• Objective: to characterize microbiomes by fecal, 

oral and skin sampling from 115 critically ill 

patients within 48h of ICU admission & day 10 or 

ICU discharge

• Premise: microbiome data may provide first steps 

toward diagnostic and therapeutic interventions 

using microbiome signatures

• Setting: 4 mixed ICUs in Canada & US

mSphere2016



• Methods: processing according to Earth 

Microbiome Project protocols

• Results: 

– Compositions were uncharacteristic of expected 

community type

– Critical illness rapidly leads to significant dysbiosis

– Many taxons of health-promoting bacteria are 

significantly depleted

mSphere2016



Top=admission

Bottom=DC

communities

Samples at DC

Include gut bugs,

bugs around

decomposing 

bodies, dust 

samples

FECAL ORAL



• Objective: to conduct a series of experiments to 

evaluate whether the gut microbiota are implicated 

in the development of ARDS & sepsis 

• Methods:

– Murine model of sepsis

– Human model of ARDS

– Sequencing of bacterial 16S ribosomal RNA-

encoding genes



• Results:

– Gut-associated bacteria (particularly Bacteroides), 

undetectable via conventional culturing, enriched the 

lung microbiome in a murine model of sepsis and 

human ARDS

– Alveolar TNF-alpha (ARDS mediator of alveolar 

inflammation) correlated with altered lung microbiota 

– Ecological analysis showed persistence for days



Oral Microbiome

• 300+ types of bacteria in the 

oropharnynx

• Dental plaque builds over 

time & is a reservoir for oral 

pathogens 

• Micro-aspiration of bacteria 

is common

• Bio-film on ETT also 

facilitates direct entry of 

bacteria into the lungs



What are Probiotics?

Commercially available 
microorganisms which, when 

ingested as individual strains or in 
combinations, offer potential health 

benefits to the host

World Health Organization



Proposed Mechanisms of Benefit

• Re-inocculate of indigenous microflora 

• Colonization resistance

• Increase tight junctions & reduce bacterial 
translocation

• Inhibit pathogen adhesion & invasion 

• Re-establish microbiome diversity

• Improve gut barrier function (mucous production)

• Toll-like receptor-mediated up-regulated immunity

• In a trauma RCT (N=52, Tan et al Crit Care 2011)

– faster increase in T helper 1 cytokines IL-12 p70

– improved cellular immunity & macrophage function



Crit Care 2016



• Design: Open label RCT in 235 adults

• Patients: Expected to receive MV >48h

• Bacillus subtilis + Enterococcus faecalis

combination 0.5g tid for 14 days 
Less VAP: 36.4 vs 50.4%, p=0.031

Later Time to VAP 10.4 vs 7.5 days, p=0.022

Fewer gastric PPMO 24.0 vs 44.0%, p=0.004

ICM 2016



Am J Resp Crit Care Med 2015

Strategy with best cost-benefit ratio:

+ Suction ETT 

+ IHI Bundle with oral care 

+ Probiotics

2014 Compendium of Strategies to Prevent Healthcare 

Associated Infections in Acute Care Hospitals

Please refer to VAP Prevention Guidelines for more preventive strategies



N=2650 mechanically ventilated patients



• Population: children & adults receiving 

antibiotics 

• Intervention: any probiotic

• Control: placebo

• Outcome: CDAD

• Type: randomized trials

20 trials enrolling 3,818 patients

AIM 2012



• Pooled relative risk 0.34 (0.24-0.49), I2=0%

• Robust to worst assumptions about loss to followup

• Quality of evidence: moderate

• Subgroups show consistent benefit
– Children and adults

– Probiotic dose 

– Species (single or multiple)

– Species (L acidophilus+L casei, L rhamnosis, S boulardii)

– Risk of bias

AIM 2012



Canadian Research

• 2 low-tech, low-cost, widely available 

interventions influence the microbiome of the 

respiratory tract and gut differentially 

– probiotics

– acid suppression

• Understanding their impact on nosocomial 

infections is underway



Probiotics & Stress Ulcer Prophylaxis

PROSPECT REVISE 

Control Placebo PPI

Intervention Probiotics Placebo

Primary 

Outcome

VAP Clin impt upper 

GI bleeding

Secondary 

Outcomes

Infections 

including C diff

VAP              

and C diff



• Design: blinded non-inferiority RCT

• Population: 219 patients >18 years old with 
recurrent Clostridium difficile (ELISA or PCR 
with 3 unformed stools in 24 h) in 6 Canadian 
centers (secondary prevention)

• frozen fecal microbiota transplantation 

• thawed fecal microbiota transplantation

JAMA 2016





• Design: open label 3-arm RCT

• Population: 43 patients >65 years with recurrent 

Clostridium difficile infection following >1 antibiotic 

course (secondary prevention)

• 500mg vancomycin qid PO x 4 days, then bowel 

lavage + NG infusion of donor feces

• 500mg vancomycin qid PO x 14 days

• 500mg vancomycin qid PO x 14 days, bowel lavage

NEJM 2013



After donor feces, increased fecal bacterial diversity



Infusion of donor feces was significantly more effective to cure 

recurrent C difficile (trial stopped early)



• Design: blinded non-inferiority RCT

• Population: 629 patients >16 years of age 
with Clostridium difficile infection in 52 US 
+ 15 Canadian centers (up to 4 doses of 
metronidazole or vancomycin allowed) 
(secondary prevention)

• Fidaxomicin 200mg bid PO x 10 days

• Vancomycin 125mg qid PO x 10 days

NEJM 2011





Conclusions

• The microbiome is modified in critical 
illness, but our understanding is still 
emerging

• Current interventions may influence the 
microbiome of the respiratory tract & 
gastrointestinal tract 

• Understanding whether microbiome 
modification can decrease the risk of 
nosocomial infections is a clinical & 
research priority



Thank you!


