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Cancer; Inflammatory bowel disease; Irritable bowel disease; 
Diverticulosis; Surgical infections; Liver disease; Metabolic 
syndrome; cardiovascular disease; diabetes; obesity; Acne; 
Atopic dermatitis; Psoriasis; Auto-immune diseases; 
Sarcoidosis; Asthma; Seasonal allergies; hormonal imbalance; 
Dry eyes; Response to vaccines; Food-Pet allergies; Antibiotic 
recovery; C. difficile colitis; MRSA colitis; Sinusitis; Influenza; 
HIV/AIDS; Depression; Anorexia; PTSD, Anxiety, Autism, 
Alzheimer’s, Dental caries; Body odor; Parkinson’s; Dementia; 
Hyperphagia; Exercise; Smoking; Alcohol; Breast milk vs. 
Formula; Household Pets; Artificial Sweeteners; Prematurity; 
Caesarian vs. vaginal birth; polycystic ovaries; Sickle cell 
disease; Anemia; Renal disease; Chronic pulmonary disease; 
Type I and Type II Diabetes; Encephalothopy; incontinence; 
Diarrhea; Rheumatoid arthritis; Cardiovascular Disease; ETC.... 
 

 



Farm Life Amish live on family run 
farms and have no asthma. 
Hutterites live on industrial 

farms and have elevated 
asthma 

Stein et al 2016, NEJM. 



Proportions of Peripheral Blood Leukocytes and cell-surface marker phenotypes in 
Amish and Hutterite Children 

Peripheral-blood leukocytes from Amish 
children had increased proportions of 
neutrophils, decreased eosinophils, and 
similar monocytes compares with Hutterite 
kids. 

 
Neutrophils in the Hutterite children were 
more aged than in Amish children. 

 
No significant difference in Tregs were 
observed 

Stein et al 2016, NEJM. 



Gene-Expression Profiles 

Gene expression profiles of peripheral-blood 
leukocytes were significant different between 
Amish and Hutterite kids. 

 
Genes clustered into 15 co-expression modules 
 

Amish Hutterites 

Most significant module had 43 genes, 18 of 
which were overexpressed in Amish leukocytes. 

 
Clustered into a network with tumor necrosis 
factor and interferon regulatory factor 7 – 
involved in innate immune response to microbes! 
 

Stein et al 2016, NEJM. 



Effects of House-dust extracts on Experimental Asthma 

House dust was intranasally administered (over 4-5 weeks) to 
an ovalbumin mouse model of allergic asthma. 
 
Eosinophilia and airway hyper-responsiveness was exacerbated 
in mice treated with Hutterite dust extracts. 

Inhalation of Amish dust extracts was sufficient to significantly 
inhibit airway hyper-responsiveness, eosinophilia, and serum 
ovalbumin-specific IgE levels. 
 
The inhibitory effects of these extracts in wild-type mice probably 
required innate immunity, because protection was absent in mice 
deficient in MyD88 and Trif 

Stein et al 2016, NEJM. 



CANCER 



Cancer rates in migrants become similar to 
those in the local population 

 

Nature 411, 390-395(17 May 2001) 



Mice without microbes show reduced 
intestinal adenomas 

Germ free Apcmin/+ 

mice, show a reduction 
in the formation of 
intestinal adenomas. 
 
Gnotobiotic animals 
develop intestinal 
adenomas two fold less 
than conventionally 
raised animals. 
 Dove et al. Intestinal neoplasia in the ApcMin mouse: independence 

from the microbial and natural killer (beige locus) status. Cancer Res 

1997;57:812–14. 



Fusobacterium nucleatum associated 
with CRC in humans 

Castellarin et al. Fusobacterium nucleatum infection is prevalent in human colorectal 
carcinoma. Genome Res 2012;22:299–306. Kostic et al. Genomic analysis identifies 

association of Fusobacterium with colorectal carcinoma. Genome Res 2012;22:292–8. 

Recruits 
infiltrating 

immune cells and 
modulates β-

catenin signaling 



(IL)-10 is elevated in cancer and is thought to 
contribute to immune tolerance and tumor growth. 

 

Colon polyposis is 
driven by high densities of 
microbes that accumulate 
within polyps and trigger 

local inflammatory 
responses. 

 

Dennis et al 2013 



Using microbial biomarkers of CRC 

Yu et al., GUT, 2017 

Species involved in 
gut microbial 
dysbiosis associated 
with colorectal cancer 
(CRC). 
 



Bifidobacterium can actively enhance the efficacy of 
immunotherapy 

Probiotic dramatically enhances 
immunotherapy in preclinical tumor models 

Manipulating microbes and their metabolites 
can maximize tumor immunity in mice 
 

 

 

 

 

Vetizou et al. Science 2015 & Sivan et al. Science 2015 



Metastatic melanoma patients treated 
with anti-PD1 checkpoint inhibitors: 

• Greater microbial diversity and 
increased abundance of 
Ruminococcacae in responders. 

• Decreased microbial diversity and 
increased abundance of 
Bacteriodales in non-responders. 

Does the gut microbiome influence response to 
therapy in humans? 

We need to unravel connections between 
the microbiome, its metabolome, and 
anti-tumor immunity in MSI CC to 
ultimately improve immunotherapy for 
patients with CC and other cancers. 
 



http://vimeo.com/90059732 
Courtesy of BioBE & Cosmocyte 



Mapping 
microbial 
highways 

Bayesian dynamic 
maps of microbial 

species distribution 
potential between 

family members and 
the home surfaces 

Lax et al., 2014 Science 
 
Lax et al., 2014 Science 
 



Pantoea agglomerans and Acinetobacter baumannii  including antibiotic resistance 
genes were sourced from both the kitchen counter and a human hand and shared 
>2400 genes with 100% protein sequence identity. 
 

Lax et al, Science 2014 



Colonization and Succession of Hospital-

Associated Microbiota 
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365 consecutive days: 2 months pre opening, and 10 months post 
opening 

Lax et al., 2017 



Antibiotic 
Resistance 

Tetracycline 
resistance genes were 
significantly more 
abundant on skin 
compared to surface  
 
Multidrug efflux 
proteins were more 
abundant on surfaces 
compared to skin 

Lax et al., 2017 

Skin ARGs = Staphylococcus aureus, S. epidermidis & 
Corynebacterium striatum.  
 
Surface ARGs = E. coli & Pseudomonas aeruginosa 



Genotypes of the same bacteria 
showed increased ARGs over time 

Staphylococcus epidermidis, 
Propionibacterium acnes, 

Anaerococcus sp. and 
Corynebacterium sp. genomes were 

>97% identical but sampled >71 days 
apart in the same room. 

 
Genotypes assembled from day 170 

had a consistently greater number of 
antibiotic resistance genes compared 

to those on day 99 

Lax et al., 2017 



Surgical 
Infections 



Microbiome 

Pathobiome 

Microbes may initiate 
disorder, but become 

irrelevant once Abx are 
initiated and source 
control is achieved 

The inflammatory and 
immune disorder is the 
primary driver of organ 

failure and death 

Immunocentric view of sepsis/critical illness  



Microbial phenotype, shaped by the intestinal environment of stress, NOT bacterial species, 
NOT immune background- caused death in this model. 

Within 24 hours, a lethal P. aeruginosa morphotype develops  





POD 0 

H2O only 
Cefoxitin 

30% excision 

MDR  S. marcescens 
MDR  K. oxytoca 
TetR   E. faecalis 
           C. albicans 

Can a fecal transplant rescue mice from lethal gut-derived 
sepsis due to healthcare adapted pathogens (HAPs)? 



POD 0 

H2O only 
Cefoxitin 

30% excision 

This model displays highly invasive gut-derived metastatic 
infection 

POD 1 

Enema (FMT vs AC) 
Ad lib chow 



31 

Microbiome Maintenance Therapy (MMT) to rescue mice 
from lethal gut-derived sepsis 

POD 0 POD 1 POD 2 

Repeat enema 
(FMT vs AC) 
Ad lib chow 

Mortality 
assessed 

POD 7 

30% excision 



Stress depletes the microbiome and FMT restores its 
community structure and membership  

Collapse of the 
Microbiome 

Restoration of the Core 
Microbiome 

Emergence of the 
Pathobiome 



Hepatectomy + Pathogens 

Sepsis  | 33 

Fecal microbiota transplant rescues mice from otherwise 
lethal sepsis 
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* n = 15/group 

   p <0.001 

Hepatectomy +  Pathogens + FMT 

FMT - Fecal microbiota transplant 
AC    - Autoclaved cecal contents control 

Hepatectomy + Pathogens + AC 

Hepatectomy Alone 




