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Human microbiome science is at a unique point in history: a solid 
foundation of basic biology and translational infrastructure has 
been created by the research community, and it remains to apply in 
therapeutic and prognostic settings. 

The microbiome has been strongly associated with health 
phenotypes from autism to cancer, but taking advantage of these 
associations to develop live cell therapies, microbially-derived 
bioactives, or ecological biomarkers of outcome or treatment 
response requires population-scale validation. 

Much as human genetic epidemiology has, thanks to public health 
research, begun to make the leap from academic research to 
commercial applications, microbiome epidemiology is approaching 
the same opportunity.

● Pioneering research by Harvard Chan faculty around the interplay of human  
 and microbial systems.

● Robust research platforms, including high-throughput microbiome sampling,  
 multi’omic data generation, immunoprofiling, a gnotobiotic facility, and the  
 computational Microbiome Analysis Core.

● Harvard’s Longitudinal Cohort Studies, a unique epidemiologic resource with  
 biennial participant data collected from more than 200,000 participants over  
 30+ years, including measures of lifestyle, behavior, and characterization of  
 over 60 diseases. These studies have generated more than 3.5 million   
 biospecimens, and make it possible to study links between lifestyle,   
 metabolism, genetic susceptibility, and disease.

The Harvard T.H. Chan Center for the Microbiome in Public Health (HCMPH) was thus created as 
an environment for academic-industry partnerships in this space – a resource for the entire life 
sciences ecosystem to realize these opportunities.  
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The HCMPH is home to the BIOM-Mass platform for population-scale 
microbiome studies, which has developed a standardized oral and gut 
microbiome sampling kit, dietary and environmental surveys to detail 
microbiome samples, and cost-e�ective means of collecting molecular and 
microbiological culture data from home-collected samples. 

The platform’s ongoing flagship collection comprises 25,000 stool and oral 
microbiome samples from a subset of cohort participants, with capacity to 
collect additional samples from targeted populations/phenotypes.

To facilitate a substantive, symbiotic relationship between academia and 
industry and to ensure that the School’s microbiome research platform is 
valuable across sectors, HCMPH is establishing the HCMPH Microbiome 
Consortium. 

Select partner companies will be invited to join the Consortium for a one-time 
membership fee of $1 million, funds that will fast-track the collection’s 
evolution into a scientific resource with maximum utility to academia and 
industry.  
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The Consortium model will provide a framework for data sharing, discovery, and project planning. 
Together, member companies and Harvard Chan faculty will identify ways in which the BIOM-Mass 
platform and Harvard cohorts can be leveraged to better understand disease predisposition, 
development, and progression, and suggest promising – and practical – research lines and 
projects. Through these exchanges, new opportunities will emerge for industry R&D, collaborative 
research projects, additional/more detailed collection from subcohorts, and novel basic research.  

Leverage the microbiome�s full research potential by connecting expertise from academia and the life sciences 

industry.
2

Benefits of Consortium membership

Access to longitudinal metagenomic, metatranscriptomic, and metabolomic data 

(both raw and pre-processed) with exclusivity period

Input on the prioritization of sample profiling, creation of targeted collections, subcohorts, 

research inquiries, and other projects

Collaborative data sharing, discovery advancement and project planning with Harvard 

faculty

Unique partnership with the Harvard Chan School to advance research and development in 

the life sciences

The HCMPH Microbiome Consortium will: 

● Shotgun metagenomic and metatranscriptomic data generation 
for samples from subject phenotypes of interest to Consortium 
members. 

● Metabolomic profiling of a subset of samples, chosen based on 
disease phenotypes, environmental factors (e.g. diet), or (after 
receipt of initial metagenomic data) microbiome configurations.

● Follow-up metagenomic/metabolomic profiling of additional 
samples, cross-sectionally or  longitudinally. 

● Computational and biostatistical analysis of the data above, 
including data informatics, quality control, biological feature 
extraction (microbial taxonomic, functional, strain profiling, and 
assembly), and collaborative statistical epidemiology associating the 
microbiome with disease outcomes, cohort covariates (e.g. medical 
history, medications, demographics, biometrics, diet), and existing 
molecular data (e.g. genetics and serum metabolites).

Fast-track sample sequencing and further development of the microbiome platform.

The HCMPH Microbiome Consortium will: 
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Nurses’ Health Study: Micro N Kit 

User instruction trifold brochure, stool sample 

questionnaire, tongue swab questionnaire, 

toilet accessory, stool

accessory pack barcode labels, bio 

specimen bags with absorbent pads, stool 

collection kit with 95% ethanol,OMNIgene.-

GUT stool collection kit, anaerobic stool

collection kit, OMNIgene.ORAL tongue swab 

kit and air cushion
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● Intervention trials of pharmaceuticals, dietary compounds/supplements, or lifestyle modifications,   
 with microbiome samples collected and analysis conducted before, during, and/or after, spanning up  
 to several months each.

● Microbiological isolation, genetics, and functional characterization of individual strains, microbial   
 gene products, or small molecule metabolites implicated in chronic disease.

● Murine validation of microbiome-associated traits, including the humanization of gnotobiotic mice  
 based on specific human donors; dietary, small molecular, or microbial strain interventions; and host  
 immune and molecular profiling.

Consortium members will have the opportunity to help Harvard Chan prioritize the microbiome 
profiling process so that data generated are as scientifically valuable and immediately actionable 
as possible.  Member companies can also o�er valuable insights on further investments in 
infrastructure, how and to whom samples and sample data are accessible, and how to ensure the 
HCMPH is a user-friendly, robust scientific resource

Provide HCMPH with industry expertise and a translational perspective, inform priority setting and platform 

development, and ensure that the data generated is valuable, actionable, and comprehensive. 

Facilitate the development of therapeutics and diagnostics by connecting bench and bedside from the outset. 

Carried out collaboratively, microbiome research will open the door to innovation in disease 
prevention, diagnostics, early detection, therapeutics and chemoprevention, and precision 
medicine. Real-world application of these innovations will happen more quickly, more e�ectively, 
and more consistently when we forge close ties between academia and industry. To that end, we 
will seek input from consortium members on:
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The HCMPH is home to the BIOM-Mass platform for population-scale microbiome studies. The 

platform’s flagship collection comprises 25,000 stool and oral microbiome samples from a subset of 

cohort participants, with capacity to collect additional samples from targeted populations/phenotypes.

To facilitate a substantive, symbiotic relationship between academia and industry, HCMPH is 

establishing the HCMPH Microbiome Consortium. Select partner companies will be invited to join the 

Consortium for an initial membership fee of $1 million, funds that will fast-track the collection’s 

evolution into a scientific resource with maximum utility to academia and industry. 

Access to longitudinal metagenomic, metatranscriptomic, and metabolomic 
data (both raw and pre-processed) with exclusivity period

Input on the prioritization of sample profiling, creation of targeted collections, 
subcohorts, research inquiries, and other projects

Collaborative data sharing, discovery advancement and project planning with 
Harvard faculty

Unique partnership with the Harvard Chan School to advance research and 
development in the life sciences

Benefits of Consortium membership

The microbiome has been strongly associated with health phenotypes from autism to cancer, but taking 
advantage of these associations – to develop live cell therapies, microbially-derived bioactives, or ecological 
biomarkers of outcome or treatment response – requires population-scale validation. 

Much as human genetic epidemiology has, thanks to public health research, begun to make the leap from 
academic research to commercial applications, microbiome epidemiology is approaching the same opportunity.

Pioneering research by Harvard Chan faculty around the interplay of human and microbial systems.

Robust research platforms, including high-throughput microbiome sampling, multi’omic data generation, 

immunoprofiling, a gnotobiotic facility, and the computational Microbiome Analysis Core.

Harvard’s Longitudinal Cohort Studies, a unique epidemiologic resource with biennial participant data 

collected from more than 200,000 participants over 30+ years, including  measures of lifestyle, behavior, 

and characterization of over 60 diseases. 

THE HARVARD T.H. CHAN CENTER FOR THE MICROBIOME IN PUBLIC HEALTH (HCMPH) WAS THUS 

CREATED AS AN ENVIRONMENT FOR ACADEMIC-INDUSTRY PARTNERSHIPS IN THIS SPACE – A RESOURCE 

FOR THE ENTIRE LIFE SCIENCES ECOSYSTEM TO REALIZE THESE OPPORTUNITIES.  
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Distinct Actions of the Fermented Beverage Kefir on Host Behaviour,
Immunity and Microbiome Gut-Brain Modules in the Mouse

1Broad Institute of MIT and Harvard 2Harvard T.H. Chan School of Public Health
3Moorepark Teagasc Food Research Centre 4APC Microbiome Ireland 5University College Cork

Mounting evidence suggests a role for the gut microbiota in modulating 
brain physiology and behaviour through bi-directional communication along 
the gut-brain axis. As such, the gut microbiota represents a potential 
therapeutic target for influencing centrally-mediated events and host 
behaviour. It is thus notable that the fermented milk beverage kefir has 
recently been shown to modulate the composition of the gut microbiota in 
mice. It is unclear whether kefirs have differential effects on microbiota-gut-
brain axis and whether they can modulate host behaviour. To address this, 
two distinct kefirs (Fr1 and UK4) or unfermented milk control were 
administered to mice that underwent a battery of tests to characterise their 
behavioural phenotype. In addition, shotgun metagenomic sequencing of 
ileal, cecal and faecal matter was performed, as was faecal metabolome 
analysis. Fr1 ameliorated reward-seeking behaviour, while UK4 decreased 
repetitive behaviour. In the peripheral immune system, Fr1 reduced 
neutrophil levels, while UK4 increased IL-10 levels. Analysis of the gut 
microbiota revealed that both kefirs significantly changed the composition 
and functional capacity of the host microbiota. Furthermore, both kefirs 
increased the capacity of the gut microbiota to produce GABA, which was 
linked to an increased prevalence in Lactobacillus reuteri. Altogether, these 
data show that kefir can signal through the microbiota-gut-immune-brain 
axis and modulate host behaviour. In addition, different kefirs may direct the 
microbiota toward distinct immunological and behavioural modulatory 
effects. These results indicate that kefir can positively modulate specific 
aspects of the microbiota-gut-brain axis.

Aaron M. Walsh1,2,3,4,5, Marcel van de Wouw4,5, Fiona Crispie3,4, Lucas van Leuven4,  

Joshua M. Lyte4, Marcus Boehme4, Gerard Clarke4,5, Timothy G. Dinan4,5, John F. Cryan4,5, Paul D. Cotter3,4

Study design and methodology

 

 

 

Kefir altered  the composition of the
mouse gut microbiota

Kefir increased the abundance of a 
Lactobacillus reuteri strain with the 
potential to produce GABA

  

 

http://huttenhower.sph.harvard.edu

 

Kefir induced behavioural and 
immunological responses in mice

Both kefirs increased B. pseudolongum, E. plexicaudatum, and L. reuteri, while they decreased
B. amyloliquifaciens, Lachnospiraceae, and P. acnes.

Kefir modulated the functional potential
of the gut microbiome

PERMANOVA of pathway abundances (as measured by HUMAnN2) revealed that the  

dissimilarity between kefir- and milk-fed mice was significant.

Kefir enhanced the capacity of the 
microbiome to produce GABA

Gut-brain modules are 
microbial pathways that 
produce neurochemicals.

The abundance of GBMs 
was measured using 
Omixer-RPM.

LEfSe indicated that both 
kefirs significantly increased 
GABA synthesis III.

GABA sythesis III from L. reuteri was
significantly increased in the kefir groups

The abundance of L. reuteri correlated with
the concentrations of GABA-associated
compounds in the gut.
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12 mice per group: (i) no gavage control, (ii) milk gavage control, (iii) Fr1, and (iv) and UK4.

Behavioural tests: marble burying test (MB), 3-chamber social interaction test (3CT), elevate plus
maze (EPM), open field test (OF), tail suspension test (TST), saccharin preference test (SPT),
female urine sniffing test (FUST), stress-induced hyperthermia test (SIH), intestinal motility test
(IM), faecal water content assessment (FWC), appetitive Y-maze, fear conditioning (FC), and
forced swim test (FST).

Postmortem analyses: flow cytometry, shotgun metagenomics, and metabolomics.

Strain-level metagenomic analysis of L. reuteri was performed using StrainPhlAn 

(left) and PanPhlAn (middle), both of which indicated that the L. reuteri strain 

present in the gut of Fr1-, UK4-, and Milk-fed mice was most closely related to L. 

reuteri TD1.

Assembly-based metagenomic analysis of L. reuteri was performed as follows: (i) 

the metagenome was co-assembled with MEGAHIT; (ii) contigs were binned with 

MetaBAT 2; (iii) the quality of bins was determined with CheckM; (iv) bins were 

classified with Kaiju; (v) a metabolic model of the the recovered L. reuteri genome 

was built with CarveMe; and (vi) Flux Variability Analysis (FVA) was performed with 

COBRApy to simulate the metabolism of L. reuteri at 95% growth. The ranges of 

rates of consumption/secretion of metabolites is shown here (right). FVA indicated 

that the L. reuteri strain was capable of secreting GABA.

* = significantly higher than milk
$ = significantly higher than no gavage (NG)

UK4 significantly decreased repetitive 
behaviour in the marble burying test.

Both kefirs increased reward seeking 
behaviours: Fr1 increased saccharin 
preference and UK4 increased 
interaction time in the female urine 
sniffing test.

Additionally, both kefirs elicited anti-
inflammatory responses: Fr1 
decreased neutrophil levels and UK4 
increased IL-10.



Prioritization and annotation of novel bioactive small molecules 
from the microbiome

Amrisha Bhosle1,2, Sena Bae3, Yancong Zhang1,2, Eunyong Chun3, Julian Avila-Pacheco1, Clary Clish1,

Ramnik Xavier1, Hera Vlamakis1, Eric A. Franzosa1,2, Wendy S. Garrett1,3*, Curtis Huttenhower1,2,3*

1Broad Institute of MIT and Harvard, Cambridge, MA 02142, USA 
2Department of Biostatistics, Harvard T.H. Chan School of Public Health, Boston, MA 02115, USA

3Department of Immunology and Infectious Diseases, Harvard T.H. Chan School of Public Health, Boston, MA 02115, USA 

Guilt-by-association for Ecological and Biochemical properties
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To associate unknown compounds with known metabolites, we clustered features 

based on co-varying abundances: 47,913 features were distributed into 269 

modules of varying sizes and 16,259 features were observed as singletons. 83 

(~31%) of the 269 modules had at least one known metabolite. 

Bioactive microbiome metabolites
Thousands of metabolites have been assayed from microbial communities, the 

human gut microbiome in particular, but as yet with minimal biochemical 

characterization or knowledge of their therapeutic potential. Here, we  

developed a new approach, MACARRoN (Metabolome Analysis and Combined 

Annotation Ranks for pRediction of Novel Bioactives), for identifying potential 

bioactives by integrating knowledge of known/standard compounds with 

phenotypic or environmental indicators of bioactivity to annotate and prioritize 

the unknown metabolites. We have applied this approach to identify novel 

bioactives from the inflammatory bowel disease (IBD) metabolomes in the 

Integrative Human Microbiome Project (HMP2) metabolomes.

MACARRoN ranks features based on multiple quantitative annotations

The workflow contains 

modules for (a) data 

preprocessing and QC, 

(b) quantitative estimation of 

ecological, biochemical and 

epidemiological properties  

and (c) prioritization. 

For each feature, 

abundance and m/z are 

examined w.r.t a (known) 

reference with similar

abundance pattern, and 

differential abundance

q-value against a phenotype

is determined from a linear 

regression model. Ranks from

each of these properties are

integrated into a single

prioritization 'meta-rank'.

Quantitative metabolite annotations

We prioritize unknown compounds that are similarly abundant 

as compared to their co-clustered reference 

All features above the dotted line have abundances similar to (> x0.1) or higher than the reference

Prioritized metabolites

We prioritize unknown compounds that are potential biochemical derivatives of

their co-clustered reference

All features within the dotted lines have m/z similar to that of the reference

A mixed effect linear model is used for estimating phenotype association 

Metabolites highly prioritized by MACARRoN include classes previously

implicated in IBD as well as novel potential bioactives

Enriched metabolites

Depleted metabolites

Primary Bile Acids (q-value < 0.05) in Module 7

Putrescine metabolism (q-value < 0.05) in Modules 32 and 95

Short Chain Fatty Acids (q-value < 0.05) in Module 247

Conclusions and future work

Acknowledgements

MACARRoN integrates ecological, biochemical and epidemiological annotations 

to prioritize metabolites in the microbiome. In the HMP2 metabolomes, 

prioritization of classes such as bile acids and SCFA previously implicated in IBD 

validates the workflow. Novel highly prioritized compounds covary with known 

metabolites, have a high relative abundance and are significantly differentially 

abundant in the phenotype of interest. Metabolites with lesser known roles in IBD 

such as putrescine metabolites, medium-chain fatty acids and B vitamins were 

among the highly prioritized ones. MACARRoN is generalizable to other microbial 

communities ans is being developed as an open-source R package.

This work has been funded by NIH NIDDK grant R24DK110499

@hutlab

https://huttenhower.sph.harvard.edu
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MACARRoN is used to identify inflammation-associated compounds 

We applied the workflow to

prioritize compounds from the

metabolomes of IBD patients 

and nonIBD controls in the 

HMP2 (Lloyd-Price, 2019.

Overview of the HMP2 cohort and metabolomics study

Based on metabolite 

abundances, IBD and nonIBD, 

and dysbiotic and non-

dysbiotic metabolomes can be

distinguised.

We adopted the supervised 

prioritization approach to

identify bioactives linked to 

dysbiosis and inflammation.  

Bray-Curtis ordination using metabolite abundances

Applying MACARRoN on HMP2 metabolomes
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(known metabolite if 
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Most DACs were found in CD.dys v/s CD.nondys and UC v/s nonIBD 

Effect size estimated outside of linear model

Medium Chain Fatty Acids and B vitamins (q-value < 0.05)

in Modules 255 and 191 respectively

Primary bile acids are 
metabolized by gut bacteria

into secondary bile acids. The
accumulation of primary bile
acids due to loss of bacterial

diversity is well understood
in IBD.

Gut bacteria encode enzymes 
that synthesize and degrade 
polyamines: putrescine and 

spermidine. A collective 
pathway which arises from the 

exchange of intermediates 
between species

could modulate host health. 
( Nakamura, 2019). 

SCFAs are produced in the 
gut via bacterial fermentation

of dietary fibre and are 
typically found to be reduced

in mucosa and stool of IBD
patients.

Production of MCFAs has 
been attributed to bacterial 

thioesterases. MCFAs activate 
GPR40 have been which

co-localizes with insulin
producing beta-cells

(Briscoe, 2003). 
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OPTIMISTI

Fusobacteriales

" Specific enrichment of Fn in CRC tissues identified by:

" Multiple techniques: mining cancer 8omics data for microbial signatures (PathSeq), 16S rRNA 

and metagenomic surveys, RNAseq-based approaches, fluorescent in situ hybridization, strain 

isolation (directly and from xenografts)

" Independent studies and researchers investigating both distinct patient populations and different 

stages of CRC

" Epidemiological associations link Fn load to certain CRC subtypes (e.g. MSI-high tumors) and poorer 

patient prognosis

" Growing experimental evidence in cell culture and mouse models suggests a causal role for Fn in CRC
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Modulation of the intestinal immune cell compartment by !"#$%&'()*+",-."'/)&(",

in mice with a minimal complexity microbiota

Caitlin A. Brennan, Sydney L. Lavoie, Jessica K. Lang, Kathryn G. Rosinski, Sena Bae, Slater L. Clay and Wendy S. Garrett

Harvard T.H. Chan School of Public Health, Cancer Research UK OPTIMISTICC Team

/
Abstract:

Colorectal cancer (CRC) is a multifaceted disease, influenced by host genetic and environmental factors. Growing evidence suggests that specific members of the microbiota mediate CRC development, growth and spread. One such microbe is

Fusobacterium nucleatum, a normal constituent of the human oral cavity, that has been largely studied for its role in shaping dental biofilms. Fusobacterium spp., while rare in the gut microbiota of healthy individuals, are enriched in human colorectal

adenomas and adenocarcinomas, compared to normal colonic tissues, and specifically associated with certain epidemiological subtypes of colorectal cancer. Further experimental evidence has suggested that F. nucleatum can potentiate tumorigenesis in

mouse models, influence immune-mediated killing of tumor cells, and promote resistance to chemotherapy drugs. Taken together, this research supports that a greater understanding of the biology underlying F. nucleatum in the gastrointestinal tract4both

before and during tumorigenesis4may provide insights into improving CRC diagnosis and treatment. To that end, we seek to understand how F. nucleatum modulates the intestinal immune cell environment. In previous works, F. nucleatum has been

shown to influence myeloid cell and T cell frequency in murine and human tumors, respectively. However, we do not yet understand how this oncomicrobe may shape different immune cell populations prior to tumorigenesis, potentially influencing the

conversion of healthy intestinal tissue into a pro-tumorigenic microenvironment. As F. nucleatum is a bacterium evolved to live in the oral cavity, we are leveraging gnotobiotic mouse models4in which F. nucleatum can become a stable member of the

intestinal microbiota4along with bacterial genetics and immunological approaches to disentangle the interactions at play among F. nucleatum, the colonic epithelium, and the immune system.

!"#$%&'()*+",-."'/)&(", 4 symbiont, opportunist and oncobacterium

" Anaerobic, Gram-negative fusiform rod

" A member of the oral microbiota where it plays a role in oral biofilms 

important in periodontal and gingival health and disease

" Associated with myriad extra-oral diseases, including adverse 

pregnancy outcomes, inflammatory bowel disease, atherosclerosis, 

and, recently, colorectal cancer

" A distinct bacterial phylum, suggesting the potential for novel biology 

but limiting the application of tools developed for better studied 

organisms

Leveraging gnotobiotics to study !. in the intestinal tract

C57Bl/6J

+ ASF

ASF ASF
+ Fn7.1

Fn7.1 

inoculation 

by gavage

Fecal sample for Fn load and 16S analyses 
Colonic lamina propria (LP) immune cell profiling

by flow cytometry
(d14)
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(Each bar represents normalized 16S reads for an individual mouse)

Mark Welch et al., 2016

Normal
Tumor

How does Fn colonize 

the intestinal tract?

How does Fn influence the immune environment in the 

intestinal tract prior to tumorigenesis?

How might Fn shape 

responses to preventative 

and therapeutic treatments?

Brennan and Garrett, 2018

!.012-colonizes ASF mice to high abundance without affecting the proportion of other ASF members:

Why use mice colonized with a defined 

microbial community?

" Allows the reproducibility of gnotobiotic 

research while more adequately resembling 

specific pathogen-free mice than germ-free 

mice in terms of cecum size, immune cell 

development, reproduction, etc.

" Circumvents technical limitations to study 

important biological interactions: some 

microbes (like Fn) that cannot stably colonize 

SPF mice are able to maintain a niche in mice 

with a less complex microbiota

!. influences colonic immune cell populations in ASF mice

Conclusions and future directions16S rRNA profiling of fecal microbiota 

!.012 has only mild effects on myeloid cell subsets in the colonic LP, unlike in adenomas:
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!.012 drives Th17 and ³´17 responses in the colonic lamina propria of healthy ASF mice:

!.012 induces 3/20& expression prior to tumor 

formation in a neonatal model of intestinal 

tumorigenesis:

!. is associated with a Th17-like 

signature in models of intestinal 

tumorigenesis

Colonic LP Il17a expression
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!.0124potentiated tumors show increased Th17 

cell numbers:
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" Gnotobiotic mice serve as an important tool for probing the role of Fn in 

the intestinal environment

" Fn modulates the intestinal and intratumoral environment by mediating a 

Th17-type immune response

" Convergent mechanism to promote tumorigenesis as another 

oncobacterium, enterotoxigenic Bacteroides fragilis?

" The SCFA receptor FFAR2 is important for Fn-potentiated immune cell 

responses in the ASF model

" Next steps: 

" Further delineate the immune cell changes in response to Fn

" Interrogate known immune and signaling pathways that may 

mediate the response to Fn, including defining the role of FFAR2

" Consider how characterizing and manipulating this interaction may 

inform CRC diagnosis and treatment

How might !. influence these 

immune cell populations?

Fusobacteriales
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Short-chain fatty acids (SCFA) may 

mediate !. immune cell modulation

!.012 colonization increases SCFA concentrations in 

the ceca of ASF mice:

Loss of the SCFA receptor FFAR2 abrogates !.-

associated immune cell responses: 
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Fusobacterial load is correlated with SCFA 

receptor expression in human tumors:

!"#$%&'()*+",

abundance

Host gene

relative 

expression

Kostic et al., 2013
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HARVARD CHAN MICROBIOME IN PUBLIC HEALTH CENTER 

(HCMPH) SYMPOSIUM

Effects of endurance exercise on mood state and serotonin levels after thirty days of 
probiotic supplementation: a pilot study

Marques CG2; Tavares-Silva E1,2; Tonelli L.4; Lemos VA1; Caris AV2; Santos SA1; Ravacci GR3; Thometieli-Santos RV1,2
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BACKGROUND

CONCLUSION

Probiotic supplementation for 30 days was not effective in altering mood parameters and plasma serotonin levels in this protocol. Thus, further studies are needed to understand 
the possible effects of probiotic supplementation on psychobiological parameters in endurance long-term endurance exercises.

PURPOSE

The present study aimed to evaluate the effect of marathon running on mood aspects and
plasma serotonin levels after probiotic supplementation in athletes.

METHODS
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RESULTS

After the marathon, fatigue and mental
confusion increased and vigor reduced

(without significant difference between the
groups; p>0.05).

Moreover, no significant differences were

found in serotonin concentrations at different
times evaluated and between groups.

Sample and Supplementation:

placebo 
group
n = 7

2.0 g / day of corn starch
gelatinous 
capsules 

30 days

probiotic
group
n = 7

5 billion CFU 

of a multi-

strain 

probiotic

gelatinous 
capsules 

109 Lactobacillus acidophilus LB-G80
109 Lactobacillus paracasei LPc-G110
109 Lactococcus subp. lactis LLL-G25

109 Bifidobacterium animalis subp. lactis BL-G101
109 Bifidobacterium bifidum BB-G90

30 days

2

3

Exercise protocol and experimental design:

Statistical analysis:

To verify differences between group and time, the ANOVA two-way with Tukey Post-hoc
was performed being considered p <0.05.

4
RECOVERY
(1 hour after 

the marathon)

►Collection of 30ml 
of blood

►Application of the 
BRUMS 

questionnaire 
(questionnaire to 

assess mood)

2
PRE-EXERCISE
(24 hours before 

the marathon)

3
POST-EXERCISE
(immediately after 

the marathon)

30 days of supplementation marathon

►Collection of 30ml 
of blood

►Application of the 
BRUMS 

questionnaire 
(questionnaire to 

assess mood)

►Collection of 
30ml of blood

►Collection of 
30ml of blood
►Start of 

supplementation
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Metabolites
and 

neurotransmitters

PROBIOTIC SUPPLEMENTATION ?

cognitive-behavioral 
responses - mood 

disorders

Serotonin

Long-term or short high intensity exercise induces cognitive-behavioral responses. Thus,
during training/competition, athletes generally presented mood disorders. Although the

concept of the microbiota-gut-brain axis is relatively new, it is suggested that the gut
microbiota influences psychological and behavioral aspects. Gut microbiota is able to secretes

serotonin, mainly in response to physical and emotional stress. Preliminary data showed that
probiotics and prebiotics intake can affect the hypothalamic-pituitary-adrenal (HPA) axis and

other pathways in athletes. However, this crosstalk between the gut and brain is not
completed study in long-term endurance exercise, such as marathon .

2
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The Harvard T.H. Chan School of Public Health
Microbiome Collection Core

Chengchen Li1, Jeremy E. Wilkinson1, Curtis Huttenhower1,2,3

1Department of Biostatistics, Harvard T.H. Chan School of Public Health  2Broad Institute of MIT and Harvard

The Microbiome Collection Core at the Harvard T.H. Chan School of Public 
Health (HCMCC) was established in response to a strong demand among 
the research community for validated microbiome sample collection kit 
configurations and easy usability for in-home sampling. Under the umbrella 
of the Harvard Chan Microbiome in Public Health Center (HCMPH), 
HCMCC aims to support population-scale microbiome sample collection 
and expand our understanding of the microbiome to improve population 
health. The HCMCC has developed a multi carrier-compatible home stool 
and oral sample collection kit that permits cost-effective multi’omic 
microbiome studies, leveraging the intellectual and infrastructure 
foundation laid by the HMP2 (the 2nd phase of the NIH Human Microbiome 
Project) and the MLSC (Massachusetts Life Sciences Center)-funded 
MICRO-N (MICRObiome Among Nurses) collection. By providing this 
customizable microbiome collection kit, we enable researchers to perform 
multiple different molecular assays, as well as to tailor the kit configuration 
and collection plan to study-specific needs.

A scalable gut and oral microbiome 
sample collection platform

 
 

HCMCC-supported study activities 
within the BIOM-Mass platform

https://hcmph.sph.harvard.edu/hcmcc
https://huttenhower.sph.harvard.edu

 

This customizable microbiome sample collection kit avoids the need for 
expensive, bulky, and inconvenient ice packs by providing several different room 
temperature storage media that are also compatible with multiple different 
molecular assays including any combination of amplicon (16S), metagenomic, 
metatranscriptomic sequencing, metabolomics, and other molecular 
assays. This kit further includes a collection method that uses anaerobic 
transport media that yields live microbes for culture or gnotobiotic research. 
 

In addition to storage media, this sample collection kit includes user-friendly 
instructions and toilet accessories to maximumly facilitate and smooth the in-
home stool sample collection experience. Standardized questionnaires, as 
companions to collected samples, are included to capture recent medications, 
diet, anthropometric measurements, and gastrointestinal health status 
measured by the Bristol Stool Scale. The modularity of this kit allows 
researchers to tailor kit components to study-specific needs and conduct cost-
effective microbiome research ranging from pilot studies to large-scale studies 
involving 10,000s of participants.

 

  

Project Manager: Chengchen (Cherry) Li                                            

Scientific Director: Curtis Huttenhower

HCMCC services

Microbiome Analysis Core Director: Jeremy E. Wilkinson                                            

Accessible microbiome population studies' data on BIOM-Mass Data Portal

Microbiome population health 
research opportunities

  Special thanks to the the Massachusetts Life Sciences Center (MLSC), the 
Harvard Chan Microbiome Platform Steering Committee, the Harvard Chan 
BiOS Freezer Director Eric Rimm, the BWH/Harvard Cohorts Biorepository 
Laboratory Manager Christine Everett, and the BiOS Freezer Core manager Isa 
Berzansky.

3Department of Immunology and Infectious Diseases, Harvard T.H. Chan School of Public Health

Integrative microbiome informatics and analysis via the Harvard Chan 
Microbiome Analysis Core

Long-term sample storage via the Harvard Chan BiOS Freezer Core

Gnotobiotic mice experiments via the Harvard Chan Gnotobiotic Center for 
Mechanistic Microbiome Studies

Course offerings on microbial communities and human microbiome research 
via the Harvard Chan Microbiome in Public Health Center

The Microbiome Collection Core is a part of the Harvard 
Chan Microbiome in Public Health Center (HCMPH). 
Want to learn more? Visit https://hcmph.sph.harvard.edu
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Berzansky.

3Department of Immunology and Infectious Diseases, Harvard T.H. Chan School of Public Health

Integrative microbiome informatics and analysis via the Harvard Chan 
Microbiome Analysis Core

Long-term sample storage via the Harvard Chan BiOS Freezer Core

Gnotobiotic mice experiments via the Harvard Chan Gnotobiotic Center for 
Mechanistic Microbiome Studies

Course offerings on microbial communities and human microbiome research 
via the Harvard Chan Microbiome in Public Health Center

The Microbiome Collection Core is a part of the Harvard 
Chan Microbiome in Public Health Center (HCMPH). 
Want to learn more? Visit https://hcmph.sph.harvard.edu
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