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What is your gut microbiome 
…and why is it so important?

Gut microbes digesting a kernel of corn.  SEM credit: Dr. Amber Park, U of G



We are super-organisms of human and microbial cells

We exist in a delicate host : microbe equilibrium

We are not human!



How human are we?

• ‘Reference human' 
• 70 kilograms, 20–30 years old, 1.7 metres tall 

• ~30 trillion human cells 

• 39 trillion bacterial cells

Sender, Fuchs and Milo

doi: https://doi.org/10.1101/036103 

1 : 1.3Human Bacteria



Most of these microbes 
live in our gut

Archaea



Most of these microbes 
live in our gut

• Each gram of feces contains 
~ 1011 bacterial cells

That’s 10 trillion cells in the average bowel movement!

Archaea
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Everyone is different

Gut microbial ecosystems are highly variable in 

composition and abundance profiles between people

http://farm9.staticflickr.com

Like a fingerprint, you have a ‘pooprint’!



Biodiversity in the gut is important

High diversity of species:

•Robust ecosystem

•Balance

•Functional redundancy
• High gene count

•Resistance to damage

Low diversity of species:

•Fragile ecosystem

•Imbalance

•Functional disability
• Low gene count

•Susceptibility to damage



Remarkably…

• weaning… • …to old age

This is a combination of host and microbe-driven effects

The bacterial community in your gut remains stable 

from 



What do our gut microbes do 
for us?
• Regulate the immune system

• Help to extract energy from foods

• Control potential pathogens

• Make some essential metabolites, including 
vitamins and cofactors

• Improve intestinal function

• Remove toxins and carcinogens

• As important to us as a liver
• A ‘virtual organ’



How do we acquire our gut 
microbes?

Gut microbes digesting a kernel of corn.  SEM credit: Dr. Amber Park, U of G



Microbiome and childbirth
• Birth is the first major exposure of a fetus to 

microbes

• Several aspects of exposure  have been 
considered:

• Mode of delivery (C-section vs. vaginal)
• Differences seen in early microbiomes up to six weeks, 

according to delivery mode

• Use of intrapartum antibiotic prophylaxis
• Differences seen in early microbiomes up to 1 year, 

particularly when IAP used with emergency CS, and when 
infants not breastfed

Dominguez-Bello et al. Proc Natl Acad Sci U S A. 2010;107:11971-5;

Azad et al. 2016 BJOG 123: 983–993 



Deliberate introduction 
of vaginal microbes to a 

C-section baby 

• Hypothesis: early 
transfer of vaginal 
microbes may 
protect against later 
development of 
allergy, atopy etc.

• Findings of this study 
suggest partial 
transfer of microbes 
is possible

But it will take a 

much larger study

to prove long-term health 

benefits of transfer

Dominguez-Bello et al. 

Nature Medicine 22, 250–

253 (2016) 



Microbial function is important

• Over time, as the gut microbiota matures in an 
infant, there is very little functional difference 
between C-section and vaginally delivered 
infants

• It’s not the microbial species that are important, but 
what they do!

• By 6 weeks of age, it is difficult to tell the 
difference in microbiota function according to 
mode of delivery

Chu et al., Nature Medicine 2017, 23: 314-326



Breast milk is not just 
nourishment for babies

• Human milk: 
• mainly lactose (70 g/L)

• lipids (40 g/L)

• proteins (8 g/L) 

• major food sources for the infant

• human milk oligosaccharides (HMOs) (5–15 
g/L)

• Major food sources for infant gut bacteria

• Bovine/soy milk has a different composition 
and a different repertoire of milk 
oligosaccharides

See Pacheco et al., Annu Rev 

Anim Biosci. 2015 3: 419–445



Breast milk is also nourishment 
for babies’ first microbes…

See Pacheco et al., Annu Rev 

Anim Biosci. 2015 3: 419–445;

Lin et al. J. Biol Chem 2017 (in 

press)

Certain Bifidobacterium

spp. are particularly good 

at breaking down HMOs 

and are important first 

colonizers of the infant gut
www.celiac.com

…and HMOs have antimicrobial properties against 
Group B Streptococcus (GBS), enteric bacterial and 
viral pathogens

E.g. certain HMOs have been 

shown to interfere with GBS growth

https://www.babycenter.com



How can lifestyle impact 
development of the gut microbiota?

Gut microbes digesting a kernel of corn.  SEM credit: Dr. Amber Park, U of G



Acquisition of 

microbes

Toh & Allen-Vercoe, MEHD Feb 2015



Interference with 

acquisition

Toh & Allen-Vercoe, MEHD Feb 2015

The window for proper 
gut microbiota 
development is narrow



After birth and microbial establishment…

• We quickly get to work on exterminating our microbes!



‘Extinction events’ may impact health

• Hygiene hypothesis 
• We are preventing proper 

colonization by being too clean

• Missing microbiota hypothesis
• We are disturbing proper 

colonization across generations 
through e.g. antibiotic use

• Antibiotic use (especially in early 
childhood) may be particularly 
problematic



The hygiene hypothesis 
misnomer

But we need to take a stand against 

unnecessary scaremongering against ‘germs’

No one wants to go back to the 

time of open sewers and 

cholera…



• Many studies have shown: 
• Gut microbiota changes significantly with 

antibiotic use

• Takes a long time afterwards to return to 
baseline

• Sometimes does not return to baseline 
at all

• Repeated ‘hits’ cause vast changes from 
which the ecosystem does not recover

Looft et al., PNAS 2012; Robinson & Young Gut Microbes. 2010; Jakobsson et al.  PLoS One. 2010; Antonopoulos et al., Infect Immun. 

2009; Dethlefsen et al.  PLoS Biol. 2008; Heinsen et al. Gut Microbes 2015; Nobel et al., Nat Comm. 2015



Antibiotics save lives
• They are one of the miracles of modern 

medicine, and always will be

• But we have failed to understand the full 
consequences of their use…

• …And now we are suffering the consequences
• Antibiotic resistance

• Damage to the microbiota ‘organ’

• Dependence of many livestock farming practices on 
antibiotic-induced growth promotion

The average person in the U.S. will receive 10-20 

courses of antibiotics by the time he or she is 

18 years old



The additional impact of the 
Western diet
• Average Western diet:

• rich in refined foods,
• low in fermented foods, complex carbohydrates, 

fibre

• Refined foods are easily broken down in the 
upper GI tract

– Thus very little left-over food makes it to the colon

• Colon is the site of most beneficial gut 
microbial activity

– Starvation of this community can lead to ecosystem 
damage

– ‘extinction events’ and reduced diversity



Artificial sweeteners…

• Artificial sweeteners influence 
the composition and function of 
your gut microbes

• They can actually promote 
metabolic disease 

• the very problem they were 
introduced to combat!

Suez et al., doi: 10.1038/nature13793

Diet



Food emulsifiers…

• Common emulsifiers 
carboxymethylcellulose and 
polysorbate-80 act like detergents in 
the gut

• Disturb the mucus layer

• Change the composition of the gut 
microbiome

• Shifts towards a pro-inflammatory, 
obese type phenotype

Chassaing et al., doi 10.1038/nature14232 



Artificial food colours

• Azo dyes in particular have 
the potential for much harm

• Considered safe because 
they are ‘stable’, but gut 
microbes can easily 
metabolize them!

• The chemicals they are 
transformed into are so 
poorly studied that they have 
not yet been named!



Carrageenan

• Seaweed extract, and thus a 
natural food additive (marketed 
as such)

• A really large molecule, used 
as a thickening agent

• BUT: if the molecule is broken 
down it forms ‘poligeenan’ – a 
known, severe gut irritant

• Guess what might be able to 
break down carrageenan?



What we need to understand:

• The safety of many food additives, 
supplements and drugs has NEVER been 
assessed taking into account our microbial 
passengers

• we are just scratching the tip of the iceberg

www.xisafety.com



Since everyone is different…

• …it is hard to predict how 
the microbiota will respond 
to perturbations

• We don’t really understand 
what ‘normal’ is, yet!

• But we do know that a less 
diverse ecosystem is more 
susceptible to damage

• Many disease states are 
associated with reduced 
diversity



My advice…

• Get into the habit of reading food labels 
(ingredient lists)

• If you cannot easily pronounce an 
ingredient, avoid the food product

• If the ingredient list contains ‘colour’, avoid 
the food product

• If the ingredient list is surprisingly long, avoid 
the food product

• Cook fresh food from scratch 
• If you don’t know how, learn! It’s a microbe-saving 

skill, and a key life skill!



How do we know that Westerners 
have low gut diversity?
• We can’t go back in time to look at 

microbiomes pre-antibiotics/refined foods

• We can look at indigenous peoples who have 
not had exposure to these things

Their gut microbiomes are much more diverse than ours!

Schnorr et al. Nat Commun. 2014 Apr 15;5:3654; Obregon-Tito et al. Nat Commun. 2015 Mar 25;6:6505.



Examples of diseases associated with 
altered gut microbiota diversity
(published research)

Infant colic

Neonatal necrotizing enterocolitis

Obesity

Inflammatory bowel diseases

C. difficile infection

Eczema
Colorectal cancer

Allergic asthma Celiac disease

Autism

Irritable Bowel Syndrome

Depression and anxiety



Understanding what’s 

inside the black box is 

the key to understanding 

disease

Gut ‘dysbiosis’ – what is it?

A ‘black box’:

Imbalanced microbiota + 

poor lifestyle choices + 

poor diet =

So, how do we look 

inside the black box?



When you think of gut microbes, you think 
of the good and the bad…

• Lactic Acid Bacteria 
(LAB)

– E.g. Bifidobacterium and 
Lactobacillus spp.

• Butyrate-producing 
bacteria

– E.g. Faecalibacterium
prausnitzii, Roseburia
spp.

• Opportunistic 
pathogens

– E.coli

– Clostridioides difficile

– Bacteroides fragilis

• Sulfate-reducing 
bacteria

– E.g. Desulfovibrio spp.

: it really is not that clear-cut!



Some microbes are like bad teenagers in a 

subway station…

In a crowded 

environment they tend to 

behave well 

When the crowds are gone, 

they tend to start behaving 

in antisocial ways

Example bad teenager: Clostridioides difficile



C. difficile infection (CDI) 
- a man-made disease

Clostridioides

difficile:

Strictly anaerobic, 

G+, spore-former

Healthy CDI

Actively growing cells can 

produce toxins which can 

cause colonic ulceration 

and diarrhea

When the normal gut microbes are depleted, C.diff can start to multiply in number

But even if C.diff is present, it does not behave badly 

unless the gut microbiota ‘crowds’ are absent



So, how do I know if I have a 
‘bad’ gut microbiota?
• This is a difficult question to answer

• Dysbiosis is not defined 

• Everyone’s microbiome is different
• Health results from contributions from both the human 

genome and the microbiome

• Beware companies who suggest they can ‘test’ 
your gut microbiome for you…

• The tests used are not of diagnostic quality

• We cannot diagnose what we do not yet understand!

• Some companies try to blind you with (bad) science

• Citizen Science projects (e.g. American Gut, 
Ubiome) are not of diagnostic quality

• But are highly valuable to scientists!





How can we 
‘fix’ 
dysfunctional 
gut microbial 
ecosystems?

Probiotics, prebiotics and beyond…



Can we fix dysbiosis with probiotics?

• If you take an antibiotic, you can just cancel the 
negative effects out by using a probiotic, right?

• Nope!

• Many types and strains of probiotics

• Many manufacturers, some legitimate, most not

• Many over-inflated claims

• Very little actual science

• Recently shown that in some cases, antibiotics 
may actually delay microbiome recovery



From a typical probiotic website:

• “There are over 500 different types of bacteria 
in the digestive system; the two most prevalent 
are Lactobacilli and Bifidobacterium. 
Bifidobacterium are the most prevalent bacteria 
in the large intestine, while Lactobacilli are the 
most prevalent in the small intestine. As we 
age, studies show that our levels of 
Bifidobacterium decline, while harmful 
pathogenic bacteria increase. This is one of the 
main reasons that intestinal ailments increase 
as we age.”



The layperson’s view of probiotics…

Myth 1:

Probiotics found in food 

are the same kinds of 

species that are found 

in the gut

Myth 2:

Probiotics colonize the 

gut



The microbial ecologist’s view 
of probiotics

Normal gut microbiota

Probiotic

VS.

Colon: 100 billion to 1 trillion CFU per mL

2-15 billion CFU per 

capsule 



Probiotics are not 
well regulated

• Study of 14 commercial probiotic products1

showed:

• “…many probiotic products contain 
unadvertised additional lactobacilli and 
bifidobacteria, whereas others are missing 
species listed on the product label.”

• Many probiotic capsules contain far fewer than 
the number of microbial cells advertised

1 Marcobal et al. J Pediatr Gastroenterol Nutr. 2008 May;46(5):608-11.



Strain is important, not just species!

Clinical evidence for 

efficacy

Probiotic species and 

strain clearly labeled

No clinical evidence 

for efficacy

Probiotic species, but 
no strain on the label



My advice: do careful research or consult 
reputable sources for info
http://www.probioticchart.ca/



Prebiotics

• ‘Food’ for your gut microbes

• Typically non-digestible* fibre compounds
• *your microbes digest them just fine!

• Not a one-size-fits-all approach 
• But sold that way!

• No simple solution – fibre supplements not diverse 
enough

• Could be used more cleverly

• Are we entering the era of matching foods to 
gut microbiota ‘types’?

• How do we do that?



In the future…

Formulated for 
Type A 

microbiomes!



What about fermented foods?

• Coming back into vogue after a refrigerator-
driven hiatus!

• Fermented foods are naturally transformed by 
microbes to create novel textures and flavours

• Benefits of fermented food may not be the 
microbes, but their chemical products of 
fermentation



Microbes talk to each other-and to 
their hosts-using ‘small molecules’

Wikimedia commons images
Many of these small molecules are also absorbed by the host

Some molecules 

can have dramatic 

effects



My advice for consuming food 
that aids your gut microbiome…

• Listen to your gut

• Eat a wide selection of fruit, vegetables and 
other fibre sources

• Avoid ‘fibre pills’ unless prescribed for good 
reason – get your fibre from your food!

• What makes your gut feel good may not be the 
same as what works for someone else

• There is no one-size-fits-all strategy

Avoid any and all supplements which have no 

valid (clinically-proven) claims.  The more 

sensational they sound, the more useless they 

are likely to be!



Physical fitness –
a surprising contributor to gut microbiome health

• People who move more have a more diverse 
gut microbiota

• In one rodent study, exercise was enough to 
protect the gut microbiota from diet-induced 
dysbiosis1

• Effects noted more in young rodents/humans, 
but older adults may also benefit2

• In particular, women!

• Moderate exercise – 30 mins/day at least 3 
times per week – appears to demonstrate 
positive effects on the microbiota composition 
and diversity

• Mechanism as yet not understood

1: Exerc Sport Sci Rev. 2017 Jan;45(1):41-47.  2: Bressa et al. PLoS One. 2017; 12(2): e0171352. 



•For CDI: results in cure of the patient 

in >90% of cases

•Rapid resolution of disease

•Only rare recurrence of infection 

•Fecal homogenate instilled 

into patient 
•Rectal enema

•Colonoscopy

•Nasoduodenal tube

•“Crapsules” – encapsulated frozen 

or freeze-dried stool

What about fecal transplants?

Use a healthy donor’s microbes to replace your own…



CBC This Hour has 22 Minutes, Oct 2012

Open Forum Infectious Diseases 2015

We do not yet understand the 

potential negative health implications 

of FMT

For CDI the benefits are clear, but 

the long-term effects of the practice 

are not 



• MET-1 = 33 bacterial strains
• 1x100 mL dose administered via 

colonoscopy
• Two elderly female patients with severe 

recurrent CDI were treated
• Both patients recovered within 48 h and 

have remained C. difficile-free to date

• Same concept as a ‘fecal transplant’

• But instead of poop, we used a 
complex, defined ecosystem of pure 
microbes

• Logical next step

• Because it’s defined, we can monitor 
long-term effects

Our solution to the problem, currently in development…



Since then, we have refined 
the product…

• ‘MET-2’ is currently being developed into a first-in-class 
biologic drug

• Based on a new, even healthier donor!

• A lyophilized, standardized ecosystem for oral delivery

• 40 bacterial species  
• the most complex ecosystem drug yet

Clinical trials underway for rCDI, metabolic 

syndrome

Other indications planned

Not a probiotic – will be prescription only



How do we start to approach ecosystem therapeutics?

We need to look at the 

gut microbial ‘engine’

We need to look at the ‘emissions’

We need to replace the faulty parts to get 

the engine running optimally again



Birchall et al. in prep The ‘engine’

Yen et al., 2015

The ‘emissions’The faulty parts may be 

replaced through microbial 

ecosystem therapeutics

How do we start to approach ecosystem therapeutics?



Coming soon, to a doctor’s 
surgery near you…

• Gut microbial ecosystem check-ups, to include:
• Measurement of the metabolic output of your gut 

bugs

• Recommendations about the particular foods that 
may be important to YOUR gut microbes for optimal 
health

• Smarter approaches to antibiotic administration

• Where there is damage, ecosystem restoration 
therapies

• E.g. MET-type approaches



To help maintain health, 
remember the gut microbiota 3 R’s:

• Recognize that we are custodians of a 
hidden army of helpful microbes

• Respect what these microbes do for us 

• Reinforce their beneficial activities



Thank you for your attention!

Time for questions


