
Investigating and managing infectious 

diseases in the microbiome era. 

Eric G. Pamer, M.D.

Duchossois Family Institute

University of Chicago

Chicago, Illinois

egpamer@uchicago.edu



Nature (2011) 470:161

Microbes and the gut: 560 million 

years of co-evolution



Most organisms identified by 16S 

sequencing had not been cultured.

Most organisms had not been 

associated with human disease.

Organisms inhabiting different 

individuals vary markedly.



Nature (2012) 486:207 



Nature (2012) 486:207 

Diverse microbial populations in 

different healthy humans.





Journal of Experimental Medicine (1964) 120:805-16.





VRE Domination of the GI tract occurs in some patients 

following allogeneic hematopoietic stem cell 

transplantation and is associated with VRE bacteremia. 

Ubeda et al. (2010) Journal of Clinical Investigation 120:4332.



Clinical
Predictor

Enterococcus Domination Streptococcus Domination Proteobacteria Domination

Hazard ratio 
(95% CI)

P-value
Hazard ratio

(95% CI)
P-value

Hazard ratio 
(95% CI)

P-value

Vancomycin 2.10 (067 10.14) 0.228 0.95 (0.33 – 3.75) 0.931 5.08 (0.52 – 693.3) 0.196

Metronidazole 3.40 (1.66 – 6.75) 0.001 1.94 (0.81-4.31) 0.130 1.73 (0.41 – 6.04) 0.425

Fluoroquinolones 1.09 (0.49-2.25) 0.824 1.19 (0.52 – 2.61) 0.673 0.09 (0 - 0.75) 0.020

Beta-lactam 1.19 (0.47 - 3.45) 0.724 3.56 (0.83 - 33.20) 0.094 0.64 (0.15 - 3.27) 0.574

Antibiotic Risk Factors for Bacterial 

Domination

Taur et al.  (2012) Clinical Infectious Diseases



Domination by

VRE bacteremia Gram negative bacteremia

Haz Ratio (95% CI) P-value Haz Ratio (95% CI) P-value

Enterococcus 9.47 (2.46 – 46.0) 0.001 1.53 (0.28 – 5.97) 0.583

Streptococcus 0.22 (0.00 – 1.77) 0.188 0.92 (0.10 – 4.17) 0.925

Proteobacteria 0.76 (0.01 – 6.20) 0.842 6.20 (1.15 – 23.37) 0.036

Domination as Risk Factors for Subsequent 

Bacteremia

Taur et al.  (2012) Clinical Infectious Diseases



Domination as Risk Factors for Subsequent Bacteremia



“Normal” microbiota eliminates persistent VRE

Amp – 1 week

108 VRE
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Microbiota composition

Ubeda et al.  (2013) Infection and Immunity



Caballero et al. 2017, Cell Host & Microbe 21(5):592-602

Microbiota dilution facilitates identification of commensal

taxa associated with colonization resistance. 



Four bacterial strains (CBBP) mediate

colonization resistance against VRE.

CBBP

Clostridium bolteae

Bacteroides sartorii

Blautia producta

Parabacteroides distasonis

Caballero et al. 2017, Cell Host & Microbe 21(5):592-602



One member of CBBP, Blautia productaSCSK, 

inhibits VRE growth in vitro.

Kim et al. (2019) Nature 572:665-669



Most Blautia strains do not inhibit VRE.

Kim et al. (2019) Nature 572:665-669



Blautia productaSCSK encodes a complete lantibiotic operon.

Kim et al. (2019) Nature 572:665-669



Lantibiotic gene abundance correlates inversely 

with VRE abundance in allo-HSCT patients.

Kim et al. (2019) Nature 572:665-669



GNR Domination of the GI tract following allogeneic 

hematopoietic stem cell transplantation is associated with 

GNR bacteremia. 

Ying Taur, MSKCC



Antibiotic treatment enables expansion of 

clinical Enterobacteriaceae isolates

Sorbara et al.  (2019) Journal of Experimental Medicine  216:84-98.



Antibiotic treatment neutralizes the normally 

acidic lower gastrointestinal tract.

Sorbara et al.  (2019) Journal of Experimental Medicine  216:84-98.



Ampicillin-treatment markedly reduces 

intestinal SCFA concentrations

Sorbara et al.  (2019) Journal of Experimental Medicine  216:84-98.



pH-dependent SCFA-mediated inhibition of 

Enterobacteriaceae growth

Sorbara et al.  (2019) Journal of Experimental Medicine  216:84-98.



Different antibiotics: disparate duration of

susceptibility to Clostridium difficile infection.

Ampicillin Clindamycin Fluoroquinolone

Buffie et al. (2015) Nature 517:205



Correlating microbiota components & CDI resistance

Buffie et al. (2015) Nature 517:205



Protection against C. difficile mediated by four 

commensal bacterial species: B. intestihominis, Blautia

hansenii, Pseudoflavonifractor capillosus and C. scindens

Buffie et al. (2015) Nature 517:205



Secondary bile salt-mediated inhibition of 

Clostridium difficile growth

Taur & Pamer (2014) Nature Medicine



Allo-HSCT patients can be divided into low, 

intermediate and high microbiota diversity groups.

Taur et al. (2014) Blood  124:1174-82.



Transplant-related mortality is markedly reduced in

patients with a diverse microbiota following engraftment

Taur et al. (2014) Blood  124:1174-82.



GVHD-related mortality is markedly increased by 

treatment with antibiotics that kill obligate anaerobes.

Shono et al. (2016) Science Translational Medicine 8:339a.



14-025: Randomized Trial of Auto-FMT in Allo-HSCT

• 215 allo-HSCT patients enrolled (since Jan 2015)

– 31 patients currently 

– 55 excluded, detectable Bacteroidetes at engraftment

– 61 excluded, other reasons (initial sample failed pathogen 
screen)

– 20 withdrew from study

• 59 Randomized

– 29 Treatment (FMT)

– 30 Control



Rapid re-establishment of a diverse microbiota

following autologous Fecal Microbiota Transplantation. 

Taur et al., 2018  Science Translational Medicine.



Auto-FMT re-establishes pre-HCT commensal bacterial 

families. 

Taur et al., 2018  Science Translational Medicine



Ruminococcaceae (47)

Lachnospiraceae (548)

Bifidobacteriaceae (140)

Bacteroidaceae (328)

Clostridiaceae (3)

Symbiotic Bacteria Strain Bank 

(1,615 Bacterial Strains)

Thomas Moody, Matt Sorbara, 

Eddi Lin, Claire Kohout, 

Emily Waligurski

Akkermansiaceae (4)



Clustering of Lachnospiraceae species/strains.

Sorbara et al.  2020  Cell Host & Microbe



Metabolite production by Lachnospiraceae isolates

Sorbara et al.  2020  Cell Host & Microbe



Metabolite  production by commensal 

bacterial strains.

Chaubard, Sidebottom, Sorbara UChicago
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Microbiota deficiencies in heart 

transplant, liver transplant and medical 

intensive care unit patients.

M. Dela Cruz, A. Nguyen, Chris Lehmann

Talia Baker, Matt Stutz, JP Kress.  UChicago



*The statistical comparisons shown here only include those between the HT and 

other cohorts. 

Reduced microbiota diversity in heart 

transplant, liver transplant and medical 

intensive care unit patients.

Dela Cruz, Nguyen, Lehmann, Baker, Stutz, 

Patel, Kress.  UChicago
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0.04 p = 

0.06p < 0.001



* = p<0.05

Dela Cruz, Nguyen, Lehmann, Baker, Stutz, 

Patel, Kress.  UChicago

Reduced frequencies of beneficial symbiotic 

bacterial taxa in heart transplant, liver transplant 

and medical intensive care unit patients.



Reduced levels of secondary bile acids in 

hospitalized patients.

M. Dela Cruz, A. Nguyen, Chris Lehmann

Talia Baker, Matt Stutz, JP Kress.  UChicago



Fecal metabolite ratios correlate with microbiota 

compositions.

Nicholas Dylla, UChicago



Microbiota-mediated defense against antibiotic-

resistant bacterial infections.

Complex microbial networks in the gut provide colonization resistance; the 

indirect and direct mechanisms remain incompletely defined.

Bacterial populations that confer resistance can be defined by metagenomic 

analyses.

Commensal microbes inhibit antibiotic-resistant pathogens by secreting 

bacteriocins (e.g. lantibiotics), modifying bile acids and producing SCFAs.

Reconstitution of mucosal bacterial populations following antibiotic therapy 

using FMT or specific commensal microbes provides an alternative approach 

to treat and prevent infections in an era of decreasing antibiotic susceptibility.
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