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What have metagenomics 

brought to the understanding 

of the intestinal microbiota? 
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16S profiling and metagenomics allowed a more 
in-depth vision of our microbiota 

1. Huge number of bacterial cells (3.8x1013)1, pathogens are subdominant 
2. Great diversity (estimated hundreds of species) 
3. Mostly un(hardly)culturable bacteria 

A 10M genes catalogue!2 

1Sender, R. PLoS Biol. 14, e1002533 (2016);2Li, J. Nat. Biotechnol. 32, 834–841 (2014).  4 

16S profiling and metagenomics allowed a more in-

depth vision of our microbiota 
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16S profiling and metagenomics allowed a more 
in-depth vision of our microbiota 

Metagenomics applied to the intestinal microbiota can yield: 
- The diversity of bacterial (and other) species 
- The richness of genes and bacteria 
- Metagenomic species, and subspecies (clonal populations) 
- The content of antibiotic resistance genes (the resistome) 
 
 
Metagenomics applied to the intestinal microbiota cannot (or barely can): 
- Identify the conventional drug-resistant Enterobacteriaceae and 
enterococci and their resistance genes 

1Sender, R. PLoS Biol. 14, e1002533 (2016);2Li, J. Nat. Biotechnol. 32, 834–841 (2014).  5 

Metagenomics allowed a more in-depth vision of our 

microbiota 
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Richness and diversity 
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16S profiling 

Shotgun 

metagenomics 

Culture 

Grall N., et al. EMC Biologie.  

Metagenomics lack sensitivity  

(despite the millions of reads)! 
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ResfinderFG includes 2,528 ARDs from functional selections performed on various 
types of samples: intestinal microbiota, sewage, latrine and soils1-5. 

1. Forsberg, K. J. et al. Nature 509, 612–616 (2014).; 2. Gibson, M. K. et al. Nature Microbiology 16024 (2016); 

Moore, A. M. et al. PLoS ONE 8, e78822 (2013).; 4.; Pehrsson, E. C. et al. Nature 533, 212–216 (2016)5. Sommer, 

M. O. et al. Science 325, 1128–1131 (2009) 

CARD ResFinder 

ResFinderFG (from functional metagenomics) 

The resistome of pathogens/culturable bacteria is distinct from 

that of intestinal commensals/environmental bacteria 
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Impact of antibiotics on 

the intestinal microbiota 



10 de Gunzburg, J. et al. J. Infect. Dis. (2017). 

Effect of moxifloxacin on healthy volunteers 

The microbiota composition 30 days after the cessation of moxifloxacin 
differs from that at baseline.  
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Absence of effect of imipenem on patients?  

Grall, N. et al. Int. J. Antimicrob. Agents (2017) 

PCA analysis (Bray-Curtis): samples cluster by patient 
and not by time point.  



12 

3. How about in ICU? 



Iterative drug administration: 
- Antibiotics (including erythromycin) 
- Other drugs that may affect the intestinal microbiota 
- Various, changing regimen. 

 
Difficulty to get faecal samples.  
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Peculiarities of ICU with respect to microbiome studies. 
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Variability of the intestinal microbiota of ICU patients 

Lankelma, J.M. et al. Intensive Care Med 43, 59–68 (2017). 

Intestinal microbiota (16S sequencing) of 34 with 
sepsis and 15 control patients 
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Intestinal microbiota (16S sequencing) of 34 with 
sepsis and 15 control patients 

Lankelma, J.M. et al. Intensive Care Med 43, 59–68 (2017). 

The intestinal microbiota of ICU patients is less diverse   
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Link between intestinal diversity and outcome  

Intestinal microbiota (16S sequencing) of 34 patients with sepsis.  

Lankelma, J.M. et al. Intensive Care Med 43, 59–68 (2017). 
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1. 

Benus, R.F. et al. Intensive Care Med 36, 1394–1402 (2010). 

Selective digestive decontamination (SDD) affects the 

composition of the intestinal microbiota 

21 patients in the SC regimen, 19 patients in the SOD regimen and 17 patients in 

the SDD regimen.  

Analysis of the microbiota by bacterial group specific PCR.  
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Buelow, E. et al. Microbiome 5, 88 (2017), Ruppé, E. et al. bioRxiv 

196014 (2017). 

Subjects receiving SDD 

Control group 

(healthy subjects) 
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Selective digestive decontamination (SDD) affects the 

composition of the intestinal microbiota 

Patients receiving SDD 

(n=10) 
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Selective digestive decontamination (SDD) affects the 

composition of the intestinal microbiota 

Buelow, E. et al. Microbiome 5, 88 (2017),  

Variability of the relative abundance of E. coli in SDD-receiving patients and 

healthy controls.  

p=0.001 
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4. Case control studies  
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N=7 

N=18 

Araos, R., Clin. Infect. Dis. 63, 937–943 (2016). 

Does the intestinal microbiota oppose to the 
acquisition/persistence of antibiotic-resistant bacteria? 



22 Araos, R., Clin. Infect. Dis. 63, 937–943 (2016). 

Let’s be careful! 

Does the intestinal microbiota oppose to the 

acquisition/persistence of antibiotic-resistant bacteria? 
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Intestinal microbiota and heart failure? 

Luedde, M. et al. ESC Heart Fail 4, 282–290 (2017). 



Hanage, W. P. Nature News 512, 247 (2014). 

1. Can experiments detect differences that matter? 
2. Does the study show causation or just correlation? 
3. What is the mechanism? 
4. How much do experiments reflect reality?  
5. Could anything else explain the results?   
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The intestinal microbiota “hype” 
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5. How to move on? 
#MicrobiomeinICU 

#Protectmymicrobiome #ICU 

#Leavemymicrobiotaalone #ICU 

#STOPantibiotics 
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#FMT 

Wei, Y. et al. Crit Care 20, 332 (2016). 

Two male patients, a 65-year-old and an 84-year-old, were initially diagnosed with 

cerebellar hemorrhage and cerebral infarction, respectively, after admission. 

The two patients each received a single nasogastric infusion of sterile-filtered, 

pathogen-free feces from a healthy donor.  



27 McClave, S.A., et al. Current Opinion in Critical Care 24, 105 (2018). 

Should FMT be used in ICU? 



28 

Would specific bacterial formulations work as well? 

Buffie, C.G. et al. Nature (2014).doi:10.1038/nature13828 
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A consortium of 4 anaerobic bacteria collaborate to 

eradicate VRE from the gut in mice 

1. 

Caballero, S. Cell Host & Microbe 21, 592–602.e4 (2017). 

CBBP: C. bolteae, B. producta, B. 

sartorii and P. distasonis  

 



Take-home messages 

  
Metagenomics 
allows to assess the 
precise composition 
of the dominant 
intestinal 
microbiota 

Perspectives: protect 
and restore the 
intestinal microbiota.  

Thank you for your attention! 

But it is not suitable to monitor 
conventional MDRB and known 
resistance genes.  

Antibiotics but also other drugs affect 
the composition of the intestinal 
microbiota.  

Few studies in the ICU 
setting, compromised by 
the use of antibiotics.  
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Third 

International 

Conference on 

Clinical 

Metagenomics 
Campus Biotech, Geneva, 18-19 October 2018 

See you in Geneva for more metagenomics! 
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The intestinal microbiota as a reservoir of bacterial 

pathogens  

Gorrie, C.L. et al. Clin. Infect. Dis. 65, 208–215 (2017). 


