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BMT scientists and physicians – microbiome pioneers
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Bacteria contribute to the 

pathophysiology of GVHD



Fred Hutch transplantation clinic in the 1980s

www.fredhutch.org/



• 130 patients with severe aplastic anemia
• Conditioned with cyclophosphamide followed by marrow from 

HLA-identical siblings
• 39 randomly assigned to a protective environment:

• Laminar airflow
• “Sterile" food
• Oral nonabsorbable antibiotics and skin cleansing
• Minimum of 50 days





Controversies in intestinal bacterial  
decontamination in allo-HCT

• Clinical studies initially suggested a 
benefit from near-total bacterial 
decontamination (Storb et al., 1983)

• Later studies, however, showed no clear 
benefit (Peterson et al., 1987; Passweg et al., 

1998; Russell et al., 2000).









Microbiota as a predictor of mortality in allogeneic HCT, Supplemental Appendix, Page 24 of 34 

Supplemental Table S5. Exposure to piperacillin-tazobactam or meropenem is associated with a decrease in diversity 

during allo-HCT.  Exposure to pip-tazo and meropenem are significantly associated with changes in intestinal 

microbiota diversity. A linear regression model was constructed to evaluate the association of drug exposures 

with the change in microbiota diversity during HCT (see Supplemental Text for details). The estimates and the 

corresponding standard errors (S.E.) represent the decrease in diversity (in Simpson reciprocal units) between 

the baseline pre-HCT sample to the peri-engraftment period as a function of exposure duration (in number of 

days) during a window of day -7 to 14. The model also accounts for the time duration, ∆t, between each 

patient's peri-engraftment and pre-HCT samples. A schematic for the design of this analysis is in Supplemental 

Figure S5. The key antibiotic exposures are shaded and used in a survival analysis in Supplemental Table S6. 

  

MSKCC Regensburg Duke Hokkaido

Estimate ± S.E. Estimate ± S.E. Estimate ± S.E. Estimate ± S.E.

∆t -0.33 ± .02 -0.10 ± 0.17 -0.15 ± 0.06 -0.01 ± 0.06

cefepime 0.07 ± .07 - -0.13 ± 0.22 0.18 ± 0.19

doripenem - - - 0.11 ± 0.23

meropenem 0.08 ± 0.21 -0.02 ± 0.24 -0.51 ± 0.33 -0.36 ± 0.15

piperacillin-tazobactam -0.13 ± 0.05 -0.24 ± se 0.29 -0.35 ± 0.28 -

teicoplanin - - - -0.15 ± 0.12

Supplemental Table S5. Exposure to pip-tazo and meropenem are significantly associated with changes in 

intestinal microbiota diversity. A linear regression model was constructed to evaluate the association of 

drug exposures with the change in microbiota diversity during HCT (see Supplemental Text for details). 

The estimates and the corresponding standard errors (S.E.) represent the decrease in diversity (in 

Simpson reciprocal units) between the baseline pre-HCT sample to the peri-engraftment period as a 

function of exposure duration (in number of days) during a window of day -7 to 14. The model also 

accounts for the time duration, ∆t, between each patient's peri-engraftment and pre-HCT samples. Key 

associations are shaded.
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Meropenem treatment is associated with 
aggravated intestinal GVHD
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Decontamination can rescue 
meropenem-treated GVHD mice
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Intestinal bacteria
Phylum Class Order Genus 

Gram 
stain 

Type of 
anaerobe 

Firmicutes 

Bacilli 

Bacillales 
Gemella 

Staphylococcus 

+ Facultative 

Lactobacillales 
Enterococcus 
Lactobacillus 

Streptococcus 

Clostridia Clostridiales 

Blautia 
Clostridium 

Eubacterium 
Faecalibacterium 
Ruminococcus 

+ Obligate 

Erysipelotrichia Erysipelotrichiales 
Erysipelatoclostridium 

Holdemania 
+ Obligate 

Negativicutes Selenomonadales 

Acidaminococcus 
Megasphaera 

Phascolarctobacterium 
Veillonella 

− Obligate 

Bacteroidetes Bacteroidia Bacteroidales 
Bacteroides 
Prevotella 

− Obligate 

Proteobacteria 
Gamma-

proteobacteria 
Enterobacteriales 

Escherichia 
Klebsiella 

− Facultative 

Actinobacteria Actinobacteria 
Actinomycetales Actinomyces 

+ Facultative 
Bifidobacteriales Bifidobacterium 

Verrucomicrobia Verrucomicrobiae Verrucomicrobiales Akkermansia − Obligate 
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B. thetaiotaomicron is increased in 
meropenem-treated GVHD mice



B. thetaiotaomicron is increased in 
meropenem-treated GVHD mice



B. thetaiotaomicron aggravates GVHD when 
reintroduced to decontaminated mice
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Bacteroides thetaiotaomicron

• A gram-negative obligate anaerobic bacteria

• Commensal bacteria in both mouse and 
human

• It has a broad ability to digest dietary fiber 
polysaccharides and glycans

• Ambient levels of metabolites, produced as a 
byproduct of substrate utilization, have been 
shown to play a major role in determining 
transcriptional profiles in B. thetaiotaomicron

TerAvest MA et al; Biotechnol Bioeng, 2014



Meropenem arm showed thinned mucus layer and 
decontamination suppressed mucus degradation
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Bacterial translocation is aggravated in mice 
with GVHD treated with meropenem
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Meropenem changes mucus-degrading enzyme 
gene expression in B. thetaiotaomicron

Courtesy of Jamal, Tina, Tomo, Lin, Lucas and Phil
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Oral supplementation with xylose benefits 
mice with GVHD aggravated by meropenem 

Courtesy of Saira
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