
The Future of  
Microbiome Research?? 

The	  Golden	  Age	  	  (Lucas	  Cranach	  the	  Elder)	  

Mad Science? Utopia? 



Lecture outline 

1. How are microbiome studies informing us now?  
 
2. It's a Brave New World: the microbiome and new therapeutics (FMT) 
 
3. The Urban Microbiome: characterizing, tracking, and mapping 
microbes across New York City 
 
4. It's a Cool New Techno-World: microbial genomics on a USB-drive 



All DNA 

Terms and definitions 

Microbiota 
The microbes inhabiting  
a particular environment  

Microbiome 
The collective genes of all  
the microorganisms  
inhabiting a particular  
environment 

Amplicon sequencing 
Single common gene amplified  
and sequenced, e.g., 16S or  
18S rRNA 

Metagenomic sequencing 
Shotgun-sequencing of ALL 
DNA in a sample & 
reconstruction of complete 
genomes 



Meta-transcriptomics 
How active the genes are 
in all the microorganisms 
inhabiting a particular 
environment 
 
 

Metabolomics 
What metabolites are 
produced by in all the 
microorganisms inhabiting a 
particular environment 
  
 
 

        
       
   
 

Meta-proteomics 
What proteins are found in 
all the microorganisms 
inhabiting a particular 
environment and how they 
interact with each other 
  

Terms and definitions 



1. The Current Status of Microbiome Research 

•  A huge and rapid increase in the volume of publications that link health to the  
    microbiome 
 
•   Microbiome research has also fueled a large number of patents 

h7p://www.4inno.com/inno_insight/microbiome-‐a-‐scienCfic-‐revoluCon-‐in-‐the-‐making/	  



Wide variety of studies looking at microbiomes in humans, 
their pets and pests, livestock, wild-life and the environment 

“We	  idenCfy	  ocean	  microbial	  core	  funcConality	  and	  reveal	  that	  >73%	  of	  its	  
abundance	  is	  shared	  with	  the	  human	  gut	  microbiome	  despite	  the	  physicochemical	  
differences	  between	  these	  two	  ecosystems.”	  

Sunagawa	  et	  al.,	  May	  2015	  







Crucial	  ques,ons	  
Five	  quesCons	  that	  anyone	  conducCng	  or	  	  
evaluaCng	  this	  research	  should	  ask	  to	  
keep	  from	  geZng	  carried	  away	  by	  hype:	  
	  
1.   Can	  experiments	  detect	  differences	  	  
that	  ma8er?	  
2.	  Does	  the	  study	  show	  causa,on	  or	  just	  	  
correla,on?	  
3.	  What	  is	  the	  mechanism?	  
4.	  How	  much	  do	  experiments	  reflect	  	  
reality?	  	  
5.	  Could	  anything	  else	  explain	  the	  
results?	  	  

Microbiome science: fad fueled by journalism or robust  
scientific discipline?    



From association to causality 

Fritz et al., Microbiome, 2013	  

•  Microbiome studies produce data that are essential for defining baseline healthy 
microbiota and the identification of differences that may be associated with human 
disease 

•  BUT to causally link identified differences in the human microbiota with distinct 
human diseases, experiments are essential  

 
•  In vitro and in vivo experimental models are required: allow systematic 

manipulation of variables and validation of microbiome results 



Unified Microbiome Initiative Consortium 
(UMIC) 

•  Plan to to organize research efforts 
across disciplinary and geopolitical 
boundaries 

 
•  Develop cross-cutting platform 

technologies to accelerate basic 
discovery and translation to 
applications. 

•  Encourage data sharing, data access 
and foster environment of collaboration 
between scientists and clinicians   



2. The Microbiome and Therapeutics 
•  A	  new	  breed	  of	  company	  pursuing	  commercializaCon	  of	  

microbiome-‐modulaCng	  therapies	  &	  diagnosCcs	  is	  emerging	  –	  
including	  start-‐ups	  &	  venture	  capitalists	  

	  	  
•  Food	  companies	  most	  prolific	  patent	  assignees,	  e.g.	  Nestec	  

(subsidiary	  of	  Nestlé)	  and	  Nutricia	  (subsidiary	  of	  Danone)	  
	  
•  Large	  pharmaceu,cal	  companies	  missing	  because	  the	  field	  

remains	  in	  its	  infancy	  and	  very	  few	  proprietary	  agents	  exist	  that	  
can	  be	  put	  into	  clinical	  development	  

	  
•  PatenCng	  acCvity	  of	  food	  companies	  focused	  on	  nondiges,ble	  

fibers	  and	  bacterial	  strains	  -‐-‐	  sCmulate	  the	  growth	  of	  bacteria	  in	  
the	  digesCve	  tract	  in	  ways	  that	  are	  presumably	  beneficial	  to	  
human	  health	  -‐	  PREBIOTICS	  	  

	  
•  PROBIOTICS:	  presumed	  to	  provide	  health	  benefits	  when	  

consumed	  e.g.	  Lactobacillus	  in	  yoghurt,	  bifidobacteria	  in	  
probioCc	  supplements	  –	  but	  not	  yet	  associated	  with	  health	  and	  
disease	  states	  by	  sequencing-‐based	  microbe	  censuses	  of	  human	  
cohorts	  	  



B.	  Olle,	  Nature	  Biotechnology,	  2013	  

Who is Doing What? 



Types of microbiome-derived therapeutics being pursued by 
biotech companies 

B.	  Olle,	  Nature	  Biotechnology,	  2013	  



The most dramatic microbiome therapeutic: 
Fecal Microbiota Transplant (FMT)   

•  Infusion of fecal material (and its microbes) from a 
healthy donor into an individual with a specific disease 
for the purpose of providing relief of symptoms or cure 
of that disease 

 
•  First described in 4th century China 
 
•   17th century veterinary medicine – “transfaunation” 
 
•   1958: Eiseman for pseudomembranous colitis from 

Micrococcus pyogenes 

•  Establish a favorable shift of the intestinal microbiome 
  
•  Therapeutic armamentarium: Antibiotics à Bacteria 

•  Used to treat recurrent C. difficile, Irritable  
Bowel Syndrome, diabetes, depression &  
anxiety 
 

Borody, et al. J Clin Gastroenterol, 2004 
Eiseman. Surgery, 1958 
Zhang, et al. Am J Gastroenterol, 2012 



	  	  
HEALTH	  
When	  Pills	  Fail,	  This,	  er,	  Op,on	  
Provides	  a	  Cure	  
By	  DENISE	  GRADY	  	  
JAN	  16,	  2013	  
	  
A	  New	  Kind	  of	  Transplant	  Bank	  
By	  PETER	  ANDREY	  SMITH	  	  
FEB.	  17,	  2014	  

Artificial Poop, RePOOPulate,  
May Lead To Synthetic Fecal 
Transplants 
By CHRISTIE WILCOX 
JAN. 11, 2013 

 
Fecal transplants: A therapy whose 
time has come 
By THE TIMES EDITORIAL BOARD 
MAR 5, 2014 
 
Study: Frozen poop pills may make 
fecal transplants simpler and safer 
By KAREN KAPLAN 
OCT 11, 2014 
 
Did fecal transplant make 
woman obese? 
By MONTE MORIN 
FEB. 4, 2015 
 

Wonder cure for gut: FDA 
allows fecal transplants 
By CAROL OSTROM 
OCT 26, 2013 
 

The Excrement Experiment 
Treating disease with fecal transplants. 
By EMILY EAKIN 
DEC 1, 2014 
 

….and some of the headlines…. 



Dr.	  Olga	  Aroniadis	  







Donor Screening 
History 

§  Antibiotic use 
§  Incarceration, tattoos or body piercings, high-risk sexual behaviors 
§  GI diseases: chronic diarrhea, constipation, IBD, IBS, colorectal polyps 
or cancer 
§  Non-GI diseases: autoimmune disorders, immunocompromised, morbid 
obesity, metabolic syndrome, atopy, chronic fatigue syndrome or any 
chronic medical condition 
§  Severe allergies/anaphylaxis in the recipient 
§  And more… 

  







November	  18,	  2015	  
Second	  dose	  of	  25	  	  
capsules	  on	  each	  of	  
3	  consecuCve	  days.	  	  



  Clostridium difficile 
Pathogenesis 

§  Colonic infection, spore-forming organism, spores produce toxins A and B 
§  Fecal-oral route of transmission  
§  Risk factors: antibiotic use, acid-suppression, recent hospitalization, nursing 
home residence 

Asymptomatic to severe disease 
§  Diarrhea and abdominal pain  
§  Pseudomembranous colitis  
§  Toxic megacolon: colectomy, death  

Treated with antibiotics  
Recurrence 

§  First: 10-15% of patients  
§  Second: 40% of patients   
§  Third: 60% of patients   
§  Treatment with antibiotics unsuccessful  

  
 
 

Morbidity	  and	  Mortality	  Weekly	  Report.	  CDC,	  2009	  



  C. difficile and the colonic 
microbiome 

Patients with recurrent C. difficile have 
decreased microbiome richness 

Chang, et al. J Infect Dis, 2008 

Bacteroidetes	  and	  Firmicutes	  are	  reduced	  in	  
paCents	  with	  recurrent	  C.	  difficile	  



Mechanism of cure 
 

 

Kelly, et al. Gastroenterology, 2015 

Change in microbial 
community structure: 
•  Restoration of     
  microbial diversity 
 
•  Increase in phyla 
     Bacteroidetes 
     Firmicutes 
 
•  Increase in bile acids 



    FMT treatment of Recurrent C. difficile 

5 clinical trials: 
§   20 treated with colonoscopic FMT 
§  19 treated with vancomycin 
§  Cure: resolution of diarrhea at 10 wks 
§  FMT: 90% cure; vancomycin: 26% cure 

Cammarota, et al. Aliment Pharmacol Ther, 2015 Seekatz,	  et	  al.	  mBio,	  2014	  





Summary and Ethical Concerns 

§  FMT is highly successful for C. difficile treatment – but 
further data needed for other diseases 

§  Safety of paramount importance & adverse events need to 
be rigorously monitored 

§  Avoid a premature rush to use microbiome data and FMT in 
the clinical setting – more clinical trials required 

§  Currently physicians cannot make diagnoses or give clear 
guidance based on an individual’s microbiome profile 

§  Ethical issues surround type of consent appropriate for 
  fecal storage in biorepositories in order to preserve     
  confidentiality 



•  8 mill people, ~300 sq miles, major international gateway to US 
•  Global hub for finance, media, art, science, entertainment 
•  City of immigrants & their children (36% foreign born in many countries) 
•  Most extensive mass transit system in US 
•  Extensive sewer system: 1.5 billion gallons of waste water/day through 

7,400 miles of sewer conduits  
•  A precious resource: requires monitoring to sustain and secure against 

acts of bioterrorism, environmental or epidemic threats 

3. The urban microbiome of New York City 



Mapping the New York City Microbiome 
We propose to use advances in DNA sequencing technology with Big 
Data solutions and statistical analysis to identify, map and ultimately track 
beneficial and infectious microbial communities in NYC, and to integrate 
and visualize these data with existing NYC urban datasets. 

Can we  
monitor the 
spread of 
antibiotic 

resistance? 

Can we survey 
bacteria, especially 

spore-forming 
members of the 
Bacillaceae & 
 Clostridia? 

Can we track 
species of 

parasitic protist 
and determine 
their zoonotic 

potential?  

What 
statistical & 
visualization 
methods are 

needed 
for these Big 
Data sets? 

Can we  
measure  
the NYC 
‘virome’? 

Carlton Ghedin Blaser Silva Bonneau Eichenberger 



"Dirty Money Project" 
microbes on paper currency 

circulating in NYC 

Micro"bike"ome Project:  
microbes on public bike schemes in 

NYC & London 

NYC Subway Project 
all 468 subway stations 

ATM Project 
microbes on ATM buttons 
in ethnic regions of NYC  



20 $1 bills 

Swabbed front and back 

DNA extraction 
Mobio PowerSoil kit 

Shotgun metagenomic 
library construction 

2X100 Illumina HiSeq run 

Two time points: 
Feb 2013 (Winter) 

July 2013 (Summer) 

What microbes are present on circulating $1 bills in NYC? 



A diverse array of abundant bacterial species 
Winter 2013 

Summer 2013 
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Firmicutes Proteobacteria

Unclassified Actinobacteria

Bacteroidetes Other phyla

•  Similar phyla as previously identified 

Winter 
2013 

Summer 
2013 

Fall gp 1 
2013 

Fall gp 2 
2013 

Are the microbes found on $1 bills viable? 



Several clinically important bacteria and protists 
detected 

Species Clinical relavence  
Winter 

2013 
Summer 

2013 
Fall gp 1 

2013 
Fall gp 2 

2013 

Bacillus anthracis Can cause anthrax 0.01 0 3.35 0.1 

Bacillus cereus Can cause food-borne illness 0.04 0.02 12.3 0.45 

Clostridium difficile Causes antibiotic-associated dairrhea 0.02 0.01 0 0 

Corynebacterium diptheriae Causes diptheria 0.15 0.01 0 0 

Escheria coli Can cause serious food poisoning 0.11 0.19 0 0 

Gardnerella vaginalis Can cause bacterial vaginosis 1.66 0.32 0 0 

Helicobacter pylori Associated with gut ulcers 0.01 2.12 0.45 0.33 

Salmonella enterica Causes salmonella 0.06 0.03 0 0.02 

Staphylococcus aureus 
A variety of skin infections, MRSA 
antibiotic resistance  0.42 0.24 1.7 0.3 

Staphylococcus saprophyticus Linked to urinary tract infections 0.43 0.21 19.3 15.7 

Trichomonas vaginalis Causes trichomoniasis 0 0.02 NA NA 

Candida albicans Causes candidiasis (oral thrush) 0.04 0 NA NA 

Aspergillus flavus 
Can cause asthma and other 
pulmonary infections 0.02 0 NA NA 



Can money transmit antibiotic resistance genes? 

•  Most abundant in winter/summer groups was Pbp2x (penicillin resistance) 
•  Most abundant in both cultured groups was BacA (bacitracin resistance) 

Winter '13 

Summer '13 

Fall '13, gp1 

Fall '13, gp2 

One hypothesis to be tested: does paper currency found in hospital cafeterias 
contain a higher ratio of AR genes?   



Dirty money project summary 

•  Environmental metagenomic sequencing is an 
effective way to detect microbial genetic material 

•  - But transfer, storage and analysis of datasets of this size 
represent significant computational challenges 

•  Viable bacteria are present on money 
–  Probably more than identified here or in previous studies 

•  Money could serve as a mode of transmission for 
antibiotic resistance genes 
–  More studies needed 

•  Money is an interface for human-microbe interaction: 
use as a "biomarker" to monitor public health? 



News of this study went viral – even 
before publication 



How do we manage the publicity that comes with 
characterizing the good and bad microbes in NYC? 

- It's our duty as good scientific citizens not to scare-monger or 
jump on the publicity band-wagon  
 
-  We should also work in collaboration and maintain good  
relations with NYC government offices, NGOs & policy-makers 
 
- These aims can be in conflict with journalists who just want 
a good story! 
 
- But ultimately it is our collective responsibility as scientists to  
aim for robust data sets, conservative data interpretation &  
aiming towards making NYC - & urban cities everywhere - a  
better place 



4. It's a Cool New Techno-World 



TIGR	  c.	  2002	  



Next	  genera,on	  	  
sequencers	  



Oxford	  Nanopore	  MinION	  portable	  sequencer	  





MinION	  is	  already	  being	  used	  to	  
sequence	  clinical	  samples	  in	  the	  
field,	  as	  well	  as	  in	  clinics	  



The Future of  
Microbiome Research?? 








