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Agenda

▪ Where you can measure and what you can measure

▪ Considerations in selecting where and what to measure

▪ Beyond the standard…

▪ “Watchouts” when interpreting microbiome data
– Population vs individual
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Gut Microbes as the Source of Biomarkers
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Mucosal Biopsy

Colonic Brushing

Stool

Rectal Swab

Urine



Standard Molecular Methods for Microbiome

4https://www.nap.edu/read/24960/chapter/6#57



Diversity is commonly used to assess “health”
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Clemente et al. Sci. Adv. 2015;1:e1500183 17 April 2015

The microbiome of uncontacted Amerindians



Response to Anti-TNF therapy in Ulcerative Colitis: 
Remitters More Diverse Than Nonremitters

Week 0 Week 6

Remitter

Nonremitter
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▪ Diversity associated with 
remission

– Remitters more diverse 
compared to nonremitters post-
treatment

– Does not appear to be specific to 
golimumab

– UC has less evidence of 
dysbiosis then CD
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Host as the Source of Biomarkers

8https://www.immunopaedia.org.za/immunology/basics/5-overview-of-t-cell-subsets/

Stool

Mucosal Biopsy

Serum/Plasma

Peripheral Blood



The gut microbiome: host vs microbe influence on the 
immune system, disease and response to treatment
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Beyond the standard:
Better to Assess Sequence and Function?
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Cell 158, 1402–1414

• Knowing what bugs make

can lead to better understanding of

microbe-host and microbe- microbe

interactions

• Closely related bugs by sequence may

produce different small molecules

leading to different interpretations of

the microbial diversity of a subject

than use of taxonomic classification alone



Immunoglobulin A coating identifies colitogenic bacteria in 
inflammatory bowel disease: Use of IgA-SEQ

11Cell. 2014 August 28; 158(5): 1000



Microbial Antibodies

12

Front Med (Lausanne). 2018 May 23;5:153

J Clin Immunol. 2009 March ; 29(2): 190

• Microbial antibodies detected in

various immune diseases

• Only limited number of antibodies

measured (ASCA, OmpC, etc.)

• Opportunity exists to expand

https://www.ncbi.nlm.nih.gov/pubmed/29876352


Biomarkers: Population vs Individual
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Going from Population to Individuals

Doherty et al mBio 2018

Smillie et al Cell Host & Microb 2018

Baseline microbiome predicting week 6 clinical readout 

post Ustekinumab (anti-p40 mAb) in mod/severe CD

Wk6 clinical 

response

Wk6 clinical 

remission
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Baseline microbiome predicting engraftment post 

FMT in rCDI subjects



Are we ready?  

Methods are continually evolving and current understanding 
may shift based on improvements…

▪ Extraction methods

▪ Absolute vs relative abundance of microbes

▪ Sequencing depth and tools to characterize microbes

15



16

Why DNA extraction protocol matters

• 21 DNA extraction protocols 

evaluated on same fecal samples

(11 countries/3 continents)

• Cutoff drawn at >500ng of DNA with 

<25% fragmentation

• Compared with library prep, sample 

storage, biologic variation within 

sample and within subject over time

DNA quality

(line=1.8kb)

DNA quantity

Costea et al Nature Biotechnology Oct 2017

DNA extraction had largest effect on

outcome of metagenomic analysis
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Why DNA extraction protocol matters

• Relative effect size of variation tested:

• Using Spearman distance to rank 

abundances found comparable 

species rankings between 

protocols

• Using Euclidean distance to 

assess abundance there was high 

variability between protocols

• Inter-individual variation as expected 

is largest source of variation

Species            Function Abundance

Costea et al Nature Biotechnology 2017



Relative Abundance vs Absolute Abundance

▪ Relative composition doesn’t allow for understanding of 
absolute abundance considering the variability across 
specimens

▪ Vastly different interpretations about diversity can be 
made depending on use of relative vs absolute 
abundance



Relative vs Absolute Abundances Yield Different Conclusions
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High-Dose 

Vancomycin

Low-Dose 

Vancomycin

Eduardo Contijoch

Jeremiah Faith

Ichan School of Medicine Mt Sinai

High-Dose 

Vancomycin

Low-Dose 

Vancomycin

Same stool samples from mice treated with vancomycin



How do you define a species or strain in a 
complex environment? 
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Dana C, Thomas

• In human stool

a single species may

be <0.1% of reads
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Sequencing depth and tool matter

• Depth of sequencing can significantly 

change the results of a metagenomic 

study, depending on the tool used

• Marker-based tools identified far 

more species as depth of sequencing 

increased

• Essential to standardize sequencing 

depth and analytical tool to compare 

between similar studies

McIntyre et al bioRxiv 2017

Downsampling of

deep seq environmental 

sample



Recent data from HMP

J Lloyd-Price et al. Nature 1–6 (2017) doi:10.1038/nature23889

Still more to learn…# of gene families has not yet leveled off



Key considerations

▪ What question are you trying to answer
– What sample

▪ Microbial and/or Host

▪ Site of action

▪ Static vs Functional

– What methodology
▪ Is there consensus on how to analyze and interpret the data?

▪ What biases might be inherent in the data

– How can the data be interpreted
▪ Population vs Individual
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