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Topics for this talk

üWhat is the human microbiome?

üNIH Human Microbiome Project

üRecent advances in human microbiome research

üUS gov’t-wide microbiome research



What are microbes?
� often used to mean bacteria
� broader meaning: microscopic lifeforms
� many kinds (bacteria, archaea, viruses, bacteriophage, fungi, protozoa)
� in nature, key principles: don’t live alone, interact as communities

Living cells 
Ex. cheese bacteria

Viruses of human cells 
Ex. cold virus

Living cells
Ex. beer yeasts

Living cells
Ex. cat litter Toxoplasma

Phage Fungi Protozoa

Bacteria Archaea Viruses

Viruses of bacterial cells 
Ex. T4 phage

Living cells 
Ex. ‘swamp gas’ X



Humanity’s war against infectious disease
(bubonic plague, smallpox, scarlet fever, yellow fever, tuberculosis, malaria, 
diptheria, dysentery, leprosy, typhoid fever…)



� Soil production/regeneration
� Oxygenproduction
� Base of food webs (ocean, forests, etc)
� Support plant, animal & human health

vs.

~1 trillion microbial species on Earth

The MAJORITY (>> 99%) of microbes (bacteria,  viruses, 
fungi) do not cause disease; many are beneficial. Microbes 
on Earth:

~1400 human pathogenic microbes 



Body region 
Mouth (total)  

Lungs (est.)  

Breastmilk (est.)  

Skin (total)

GI tract (total)  

Vagina

Numbers 
1010

~109/ml
~109/L  

1012

1014

109/ml

1. Thousands of microbial species*, possessing millions of genes, live withhumans.

2. Known as the microbiome, most are not culturable.

D
om

inguez-B
ello et al.(2010)

3. These microbes are  
acquired each generation.

4. These microbial genes encode myriad metabolic  
capabilities to protect, detoxify, metabolize, 
communicate.

5. As an example, the gut microbiome has metabolic  
capacity of the liver.

6. The human microbiome augments, extends,  
supports capabilities encoded in the human genome.

*bacteria, fungi, viruses, phage, archaea, protozoa, (helminths)
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Human milk oligosaccharides (HMOs)*: 
1) microbial food for the developing microbiome
2) protects against invading pathogens 

100s of different kinds of HMOs HMOs as molecular decoys

[Breastmilk: (per 100 mls) protein = 2.5 g, fat = 5 g and *HMOs = 0.5 g]



Co-development of microbiome/immune system

six years oldnewborn three month old one year old  

Maternally-acquired (passive) immunity

Adaptive immunity

Maternal  
immune  
properties  
transferred  
in utero.

Infant begins  
producing  
antibodies.

Antibodies at 15-
20% of adult levels.

Normal antibody  
levels.

Microbiome becomes more ‘adult-like’ over first 1-2-3 years of life.



Microbiota and host interact to regulate human 
health.

ü Digests the ‘indigestables’ 

(ex. plant material, host cells, mucous)

ü ‘Educates’ the immune system to          

recognize self from nonself,

ü Produces energy substrates for 

host cells (ex. SCFAs such as acetate),

ü Detoxifies/activates drugs,

ü Produces beneficial compounds 

(ex. vitamin B and K, antimicrobials)

ü Communicates with the brain
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Changes in the microbiome and appearance of ‘modern’ diseases?

Rationale for Human Microbiome Project

Infectious diseases Allergic/autoimmune diseases

Next generation sequencing technology enabled microbiome analysis



Ten-year (FY2007-2016) Human Microbiome Project
$215M community resource program

HMP program goals
1) Develop research resources:
e.g. reference datasets,  
clinical & analytical methods,  
statistical & computational  
tools and pipelines

2) Rapidly release resources:
e.g. public repositories &  
community databases, HMP  
Data Analysis Coordination  
Center (DACC), GitHub &  
meetings/webinars

3) Build research community



Clinically-examined
300 male/female

18-40 y.o.

5 major body regions
(18 body sites)

Up to 3 visits in 2 yrs

No antibiotics, probiotics, 
immunomodulators

ii. Disease/disorder cohorts (case/control):
Skin: eczema, psoriasis, acne
GI/oral: esophageal adenocarcinoma, necrotizing 
enterocolitis, pediatric IBS, ulcerative colitis, Crohn’s 
Disease
Urogenital: bacterial vaginosis, circumcision, sexual 
histories

NIH Human Microbiome Project 
$215M community resource

Phase 1: Survey of the 
microbiome “Who’s there?”

Phase 2: Integrative HMP 
“iHMP” “What are they doing?”

i. Pregnancy and Preterm 
Birth cohort: 
Vaginal & gut 
microbiomes and host 
(mother, infant) 

ii. IBD Dynamics cohort: 
GI microbiome and host 

iii. Type 2 Diabetes 
Dynamics cohort: 
GI & nasal microbiomes 
and host

i. Healthy cohort (case/control): Exemplar human-microbiome conditions:

ü Longitudinal studies
ü Biological properties of host & microbiome

over time:
Gene expression profiles
Protein profiles
Metabolite profiles
Other host/microbiome phenotype profiles



1)Sequence and other ‘omic reference datasets of microbiome and host
• 16S rRNA & metagenome sequences from five major body regions of 300 adult men and women

[>2,000 metagenomes (10 TB) of sequence data. ~20-30 TB total for Phase One and Two.]
• Human genome sequences from subjects
• Multi-omic profiles (e.g. transcript, protein, metabolite) from hosts and microbiomes

2) Computational, statistical tools & pipelines for multi-omic data analyses
• Sequence analysis, including meta-tranascriptomic analysis
• Composition, metabolic pathway, network analysis
• Meta-proteomic analysis
• Meta-metabolomic analysis
• Cloud-based analyses

3) Analytical protocols for microbiome sample analysis

4) Clinical protocols for collection/storage of samples
• Skin
• Oral
• GI tract
• Urogenital tract (both vagina and penis)
• Nares

5) IRB protocols for clinical studies of microbiome

6) Identification/evaluation of ethical issues

HMP resources developed in both phases



All primary and derived datasets, tools, and analytical pipelines

HMP Data Analysis and Coordination Center  
(www.hmpdacc.org)

2018

ü iHMP Nature collection
• 3 flagship papers
• 35 companion papers

üHMP DACC:
• multi-omic datasets
• associated tools

• pipelines

http://www.hmpdacc.org/


Bach (2002)

Infectious diseases Allergic/autoimmune diseases

Increase in immune disorders over last ~ 75 yrs

Are changes in the microbiome related to 
appearance of modern diseases?



Blaser and Falkow
 (2009)

Contemporary practices:
sanitation
clean water
bathing
antibiotic use
caesarean birth
formula feeding
Hg amalgams
processed foods (low fiber/high sugar)
etc.

Postulated systematic loss of 
microbiota inocula each 
generation.

Possible factors which may be impacting the microbiome
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Expansion of human microbiome research at NIH 
over FY2007-2016

5-6 ICs 15 ICs 20+ ICs

$200

$250

$150

$100

$50

$0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Fiscal Year

~50 PIs ~275 PIs ~1000 PIs

HMP: $215 M  
Non-HMP: $940 M



Q: Do our gut microbiota regulate 
our phenotype?

Proof-of-principle: Gut microbiota can regulate host phenotype, 
in this case – obesity.

Turnbaugh et al. 2006; G oodrich  et al. 2014

1) Study of lean and obese people 
showed particular bacteria (e.g. C. 
minuta) found only in lean people.

2) Transfer of stool from lean people 
to mice resulted in lean mice. 
Transfer of stool from obese people to 
mice resulted in obese mice.

3) But: transfer of stool from obese 
people along with C. minuta resulted 
in lean mice.



GI tract: irritable  

bowel disease  

(IBD), ulcerative  

colitis, Crohn’s  

disease, GERD,  

necrotizing  

enterocolitis (NEC)  

obesity, metabolic  

syndrome, type 1

and type 2  

diabetes

Heart:  
cardiovascular  

diseases
Cancers: Hodgkins’ lymphoma, liver, gastric  

esophageal, colorectal, cervical

Lungs: asthma,  

cystic fibrosis

Skin: eczema,  

psoriasis, acne,  

rheumatoid  

arthritis

Vagina: bacterial  

vaginosis, preterm  

birth

Liver: non-alcoholic  

liver disease  

(NAFLD), alcoholic  

steatosis

Microbiome(s) and disease(s)

Brain/mental: multiple sclerosis, epilepsy,  

Alzheimer’s, autism, psychiatric disorders

100+ classes of disease over FY12-16



Identifying common mechanisms for disease

At least three general mechanisms by which microbes can cause 
disease, each of which will inform specific interventions. 

Environmentally-derived microbes 
(ex. dental caries)

Commensal microbes becomes pathogenic 
(‘pathobiont’, ex. IBD)

Translocation of commensal microbes 
(ex. lupus)

Dysbiosis?



Developing microbiome-based treatments

Microbiome-based therapeutic interventions
• Fecal microbiota transplantation
• Microbiome-derived microbial consortia
• Live biotherapeutic products
• Bacteriophage therapy
• Pharmacobiotics

Microbiome as a source of new pharmaceuticals

Mined HMP metagenomic 
data to discover and develop
new and novel antibiotics



Atmospheric 
microbiomes

Soil & plant 
microbiomes

Astronaut/ISS microbiomes

Livestock/poultry microbiomes

Warfighter 
microbiomes

Coral reef & oceanic 
microbiomes

Hospital & built 
environment 
microbiomes



Total Microbiome Research Funding FY12-14 by 
AgencyTotal Funding 

for FY12-14: 
$921,786,776

USDA 4% 

DOE 15%

NASA 3%
DOD 4%

NIH 
56%

FDA 2%

USAID, CDC, Smithsonian, <1%

DOI 1%
NSF 11%

NIST, $225,000  (0.02%)

NOAA <1% 

EPA 1%

FTAC-MM
2015

FTAC-MM: 
ü OSTP charter
ü FY12-14 data call
ü microbiome ‘writ large’
ü 6 Departments (16 agencies), 4 

Independent Agencies, 1 quasi-
governmental entity

Data call results: 
ü $922M over FY12-14
ü NIH comprised 56% of this total
ü NSF and DOE comprised an 

additional 26% of this total

2016 Nature Microbiology paper:

$922M

FastTrack Action Committee – Mapping the Microbiome 
(FTAC-MM) 

http://dx.doi.org/10.1038/nmicrobiol.2015.15

http://dx.doi.org/10.1038/nmicrobiol.2015.15


2016: The National Microbiome Initiative

(https://www.whitehouse.gov/blog/2016/05/13/announcing-national-microbiome-initiative)

16-agency Microbiome Interagency Working Group (MIWG)  
Federal strategic plan released FY18

Initiatives recently launched or to be launched (e.g. DOD, USDA, NIST)

MIWG

http://www.whitehouse.gov/blog/2016/05/13/announcing-national-microbiome-initiative)
http://www.whitehouse.gov/blog/2016/05/13/announcing-national-microbiome-initiative)


• 1000s of microbial species, millions of microbial genes
• Microbiome made up of bacteria, viruses, fungi
• Metabolically diverse, active, mutable ‘microbial organ(s)’

NIH Human Microbiome Project, FY2007-2016
• $215M invested in rapidly deployed research ‘toolbox’
• Supported 35 institution-wide US research consortium

Recent advances in human microbiome research
• NIH support expanded to over $1B and 1000s researchers
• Emerging insights into mechanisms which support health
• Emerging insights into mechanisms which cause disease

The human microbiome
Summary

Next ten years:
ü Deeper understanding of how microbiomes function. 
ü Targeted microbiome-based treatments to support health (and 

to treat disease) in plants, animals, humans and ecosystems. 
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Questions?

lita.proctor@nih.gov


