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Why the microbiome?
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• A rich source of alternative targeted antimicrobials
• More opportunities for intervention to improve or 

protect health

• Treating infection (pharma/vet)
• Preventing infection (food and feed)
• Performance (animals)
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‘Mine’ the Microbiome for anti-infectives

If the microbiome is a significant 
player in infection, then it should 
be possible to  mine interventions 
from this niche

• faecal microbiota transplants

• probiotics

• bacteriophage

• pharmabiotics
• (bioactives, bacteriocins, etc.)

FMT  Faecal microbiota transplants

Dowle, 2016.  Bioscience Horizons: The International Journal of Student Research

FMT success rates in CDAD
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‘Mine’ the Microbiome for anti-infectives

If the microbiome is a significant 
player in health and disease, then it 
should be possible to  mine 
interventions from this niche

• faecal microbiota transplants

• probiotics

• bacteriophage

• pharmabiotics
• (bioactives, bacteriocins, etc.)

4,556 infants 

We observed a significant (40%) reduction in the primary 
combined outcome of death and neonatal sepsis, from 9% 
in the placebo arm to 5.4% in the treatment arm

Significant reductions were also observed for culture-
positive and culture-negative sepsis and lower respiratory 
tract infections.

Synbiotic (probiotic and prebiotic)

Lactobacillus plantarum

and FOS
The synbiotic preparation consisted of a 

capsule containing ~109 Lactobacillus 

plantarum ATCC strain 202195 and 150 mg 
of fructooligosaccharide with 100 mg 

maltodextrin as excipient
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Evaluating the evidence by types of acute 
diarrhoea suggests that probiotics significantly
reduced antibiotic-associated diarrhoea by 52% 
(95% CI 35–65%), reduced the risk of travellers’ 
diarrhoea by 8% (–6 to 21%), and that of acute 
diarrhoea of diverse causes by 34% (8–53%). 

Probiotics reduced the associated risk
of acute diarrhoea among children by 57% (35–71%), 
and by 26% (7–49%) among adults.

The effect on acute diarrhoea is dependent on the 
age of the host and genera of strain used.

Probiotics and acute diarrhoea

Probiotics and infections in older people

• The current evidence, which is of low 
quality, does not support the use of 
probiotics for the reduction of the 
occurrence of infection in older people.

• The current evidence, which is of very low 
quality, suggests that the mean duration of 
an infection episode is not affected by 
probiotics.

• The evidence, which is of low quality, 
suggests that probiotics have a safety 
profile similar to placebo.
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Probiotics and porcine salmonellosis

Control Consortium

Clinical scores
(blinded)
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Casey et al.  2007  Appl. Environ. Microbiol.  73:1858-1863    Walsh et al.  2008  FEMS Microbiol. Ecol. 64:317-327 
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Control Consortium

% Diarrhoea 
(day 4)• Isolated 10,000 strains from uninfected pigs in a 

Salmonella infected herd

• Chose 5 strains with in vitro anti-Salmonella

activity (4 x Lactobacillus, 1 Pediococcus)

• Conducted a blinded trial (N=10) where pigs 
were fed the microbial consortia before being 
deliberately infected with Salmonella on 3 
consecutive days

Bovine mastitis is the most 
persistent disease in dairy 
cattle.

Treated with broad 
spectrum antibiotics, milk 
must be withheld. 

Billions of euros every year.

Infused infected quarters with 
Lactococcus lactis DPC3147 
(produces lacticin 3147).

A single application led to 
complete recovery within 3 
days (11/11 animals).

No withholding of milk.

Probiotics and bovine mastitis
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Compared live culture against leading antibiotic treatment (N=25) 

Clinical cure rates

L. Lactis 64% (16/25)
Antibiotic    72%  (18/25)
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Crispie et al., 2008 J Dairy Res 75:374-384Kklostermann et al., 2008 J Dairy Res 75:365-373

Probiotics and bovine mastitis

UCC118

Listeria

UCC118 (Bac-)

Rare instance in which a single molecule has been identified as the probiotic mechanism

UCC118 UCC118 (Bac-)No probiotic

Probiotic mechanism of action
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Next Generation Probiotics

Microbial consortia

• Phase 3 development 
candidate, SER-109, oral 
microbiome therapeutic for 
the prevention of recurrent 
Clostridium difficile infection. 

• The FDA has granted SER-109 
both Breakthrough Therapy 
and Orphan Drug designations.

• SER-109 is an ecology of 
bacterial spores enriched and 
purified from healthy, 
screened human donors.

www.serestherapeutics.com/pipeline/ser-109



18/09/2018

8

‘Mine’ the Microbiome for anti-infectives

If the microbiome is a significant 
player in infection, then it should 
be possible to  mine interventions 
from this niche

• faecal microbiota transplants

• probiotics

• bacteriophage

• pharmabiotics
• (bioactives, bacteriocins, etc.)

Bacteriocins and mastitis

Teat Seal

Teat Seal

(lacticin 3147)

Streptococcus dysgalactiae

Streptococcus dysgalactiae

N=37

N=38

healthy

sub-clinical

mastitis

healthy

sub-clinical

mastitis
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Rea et al., 2011. Proc. Natl. Acad. Sci. 108:4639-4644.
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Lacticin
3147

T24

ThuricinControl Vancomycin Metranidazole

108

Bacillus thuringiensis

Thuricin CD; a two 
component 
sactibiotic

α β

Rea et al., 2010.  Proc. Natl. Acad. Sci. 107:9352-9358.

Screened 
>30,000 

sporeformers
from faecal 
specimens

Thuricin CD – narrow spectrum

Faecal fermentation

• Nisin is a 34 aa lantibiotic used in food 
as a preservative

• And in veterinary medicine for mastitis

• Gene encoded, can be bioengineered 
for additional properties

Nisin (E234)
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Nisin bioengineering
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Field et al., 2008
Field et al., 2010 
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M21V Enhanced anti-Listeria

V

K22T Enhanced anti-Staphylococcus

T

Enhanced Diffusion
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Molloy et al., 2013
Healy et al., 2013
Carroll et al., 2010
Campion et al., 2013

Enhanced Anti-Gram Negative
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Enhanced Anti-Biofilm

• Nisin cannot be used for gut applications 
because it is sensitive to trypsin and α-
chymotrypsin (6 cleavage sites)

Nisin in the gut
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• Nisin S is an engineered version 
of nisin with all protease sites 
removed but with full activity



18/09/2018

11

‘Mine’ the Microbiome for anti-infectives

If the microbiome is a significant 
player in infection, then it should 
be possible to  mine interventions 
from this niche

• faecal microbiota transplants

• probiotics

• bacteriophage

• pharmabiotics
• (bioactives, bacteriocins, etc.)

Phage therapy

Alemayehu, et al.  2012. mBio 3(2): e00029-12. 

Isolated 2 phage active against 
Pseudomonas aeruginosa

Acinetobacter baumannii

Tom Patterson USA

Staphylococcus aureus

16y old male (France)

RCT (N=24) for treatment 
of chronic otitis due to 

antibiotic-resistant
Pseudomonas aeruginosa

(United Kingdom)
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Bacteriophage in feed and food

CHAPK

Phage enzyme therapy

w/ Aidan Coffey,  Cork Institute of Technology
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Microbiome solutions for MRSA

Bacteriocins

Bacteriophages

Phage lysins

Live 
biotherapetics

Traditional antibiotics

Combination therapies

• Not a binary choice, could use microbiome-based solutions with 
standard small molecule antimicrobials as combination therapies

MRSA

Control

Nisin 1ug/ml

Methicillin 32ug/ml

Nisin 1ug/ml
Methicillin 32ug/ml

Ellis et al, unpublished

>4 logs

MRSA

Field et al, Antibiotics 2017.  6:35

Nisin and cinnamaldehydeNisin and methicillin
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Combinations and biofilms

Opportunities and challenges

• Microbiomes can act as a rich source of novel antimicrobials.  Fewer 
issues with resistance?

• Microbiome-based solutions for infection could be deployed alone or in 
combination with antibiotics/preservatives.

• Paradigm shift needed, current regulatory framework is not appropriate 
for microbiome-based interventions aimed at impacting health; these will 
involve complex biological compositions and food and feed based 
solutions (FDA: CBER and CDER).

• Microbiome may deliver ‘traditional’ blockbusters, but is more likely to 
involve personalised or targeted solutions.
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Thanks

APC Microbiome Ireland 
Bacteriophage Laboratory
Bacteriocin Laboratory
Paul Ross


