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Antibiotics and 
diversity loss –

the case of 
C. difficile 
infection



Presenter disclosure

• I am co-founder and CSO of Nubiyota LLC, 
a company focused on commercializing 
Microbial Ecosystem Therapeutics, which I will 
mention in this talk 



We are super-organisms of human and microbial cells
We exist in a delicate host : microbe equilibrium

We are not human!

1 : 1.3Human Bacteria
Most of these microbes reside in the gut



Everyone is different

Gut microbial ecosystems are highly variable in 
composition and abundance profiles between people

But each person’s gut microbiome tends towards compositional homeostasis

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



What do our gut microbes do 
for us?
• Regulate the immune system
• Help to extract energy from foods
• Make some essential metabolites, including 

vitamins and cofactors
• Improve intestinal function
• Remove toxins and carcinogens
• Control potential pathogens

• As important to us as a liver
• A ‘virtual organ’
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How do gut microbes control 
potential pathogens?
• Several ways:
• 1) Competition for nutrients (niche exclusion)
• 2) Deconjugation of bile acids

• Secondary bile acids are inhibitory to certain key 
pathogens (including C. diff)

• 3) Direct antagonism
• Production of bacteriocins or virulence-scrambling 

metabolites 



Antibiotics and the gut 
microbiota

• A miracle of modern medicine, 
but with a dark side

• Antibiotic resistance
• Collateral (off-target) damage to the 

microbiota ‘organ’



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

antibiotic use
• Overall bacterial diversity can be reduced by 

approximately a third
• Even low dose exposures have an impact

• 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; Jernberg et al. ISMEJ 2007



Westerners have low gut 
microbial diversity 
• We can’t go back in time to look at 

microbiomes pre-antibiotics/industrialization
• 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.



• We currently have no real definition of gut ‘dysbiosis’
• Gut ecosystem imbalances are different for every 

person

Gut ‘dysbiosis’ – what is it?
A ‘black box’:
Imbalanced microbiota + 
poor lifestyle choices + 
poor diet =



Some microbes are like bad teenagers in a 
subway station…

In a crowded 
environment they tend to 
behave themselves

Wikimedia commons

E.g. Clostridioides difficile

When the crowds are gone, 
they tend to start behaving 
in antisocial ways



C.difficile: the model bad teenager

Normal colon
C.difficile absent or numbers low

Antibiotics
-clindamycin
-cephalosporins
-ampicillin

Vancomycin or 
metronidazole

Symptoms abate

Cessation of therapy

Return to normal

Reduction in normal
Gut microbes

C.difficile grows 
to high numbers Production of 

exotoxins A and B

Diarrhea

Ulceration 
of colon

Death
Wikimedia commons

Gut dysbiosis
drives this 
disease



‘Microbial ecosystem 
therapeutics’ (MET)

• New paradigm in medicine
• Treatment of gut dysbiosis by replacing the 

damaged ecosystem
• Crude approach: fecal transplants
• Refined approach: Defined, purified, carefully 

selected microbial ecosystems



•Results in cure of the 
patient in >90% of cases
•Rapid resolution of CDI
•Only rare recurrence of 
disease

•Fresh homogenate 
instilled into patient 
within a few hrs of 
preparation
•Rectal enema
•Colonoscopy
•Nasoduodenal tube
•“Poop pills”

Crude approach: Fecal microbial transplant 
(otherwise known as ‘transpoosion’)



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 



Coming soon, the refined approach: 
Microbial Ecosystem Therapeutics 
• ‘MET-2’ is a first-in-class biologic drug currently 

undergoing clinical trials for the treatment of CDI
• A mixture of 40 pure isolates of bacteria, formulated 

into a functional ecosystem
• Lyophilized and standardized for oral delivery

Clinical trials underway for other indications, too



Coming up a bit later…
“Microbe management: Taking care of your gut microbiota”

for your attention
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