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 “All the people living in our United Netherlands are not as many as the living animals that I 

carry in my mouth this very day” 
Anthoni van Leeuwenhoek, 1683 
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The microbes you might think about 



Eubacterium Bifidobacteria 

Prevotella 
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Lactobacillus 

Faecalibacterium 

The microbes that you should start thinking about 

Veillonella 

Roseburia 

Erysipelotrichaceae Allobaculum Akermansia 



Gut microbiota 
 
 Diverse population of bacteria, archaea, fungi, and viruses 

 
 Microbial cells outnumber pig cells  

 1011 per gram of feces 

 
 500-1000 bacterial species 

 Dominated by Firmicutes and Bacteroidetes phyla 
 Much like other mammalian microbiomes 

 
 100X the host gene complement 

 
 Metabolic capacity of the liver 

 
 
 
 
 
 
 
 
 



Microbial abundance and diversity 
increase from the duodenum to the 
large intestine 

• Increased colonization in upper 
small intestine in low birthweight 
pigs 

• Host produces a relatively 
impenetrable mucus layer filled 
antimicrobial molecules to 
microbes at arms length 

Where microbes are found 

107 



 Establishment 
 Piglet is sterile in the uterus 
 Colonization starts at birth 

 Environmental exposures: sow, feed, environment 
 Succession starting with facultative anaerobes 
 Reaches maximum density in days 

 
 (Petri, Doctoral Thesis, 2013, Microbial Programming of the Neonatal Pig) 



Continues to change in 
composition through 
development 

Timing of exposure matters 
 

 
 
Host specificity (microbes have 

co-evolved with their hosts) 
 Rodents, pigs, chickens and humans 

each have distinct populations of 
Lactobacillus reuteri 

 The microbiome of a panda is more 
similar to other bears than to 
herbivores 



Practices that minimize risk of pathogen exposure also 
minimize colonization with co-evolved microbes 
 
- Dairy calves are removed from cow at birth 
 (Mycobacterium avium paratuberculosis infections) 
- Last time a piglet sees a mature microbiome is at weaning 
(3 weeks of age) 
- Chickens are never exposed to a mature microbiome  



• Essential for normal development 

• Germ-free animals have a poorly developed immune system 
and are extremely susceptible to disease 

Why microbes matter 

Colonized                                          Germ-free 



(Chung et al. Cell. 2012 149(7):1578-93) 

Having the right microbiota is important for immune 
development 





Consequences of excessive hygiene 

Schachtschneider KM, Yeoman CJ, Isaacson RE, White BA, Schook LB, et al. (2013) Modulation of Systemic Immune Responses through 
Commensal Gastrointestinal Microbiota. PLoS ONE 8(1): e53969. doi:10.1371/journal.pone.0053969 
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0053969 

http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0053969


Figure 7. Differences in coughing scores of experimentally infected pigs. 

Schachtschneider KM, Yeoman CJ, Isaacson RE, White BA, Schook LB, et al. (2013) Modulation of Systemic Immune Responses through 
Commensal Gastrointestinal Microbiota. PLoS ONE 8(1): e53969. doi:10.1371/journal.pone.0053969 
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0053969 

http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0053969


Citrobacter rodentium - mouse model 

  Naturally occurring extracellular infection of 
the large intestine 

  C. rodentium belongs to the group of attaching 
and effacing pathogen 

 Close relative to the human enteropathogens 
EPEC and EHEC 

 Antibiotics increase mouse susceptibility 
 
 



Some mouse strains are highly 
susceptible to C. rodentium infection while 

others are not 
 

Vallance et al. Infect Immun 2003 6:3443-53 

No genetic 
determinant had 
been found 

* 
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Natural variation in disease resistance 
Microbiota/fecal transfer experiment 



The microbiota from 
resistant mice can be 
transferred to 
susceptible mice 

Willing et al. 2011, PLoS ONE e26988  



Protection provided by the microbiota was 
sufficient for survival 
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Willing et al. 2011, PLoS ONE e26988  



Resistant microbiota induces the expression of 
IL-22 and downstream antimicrobial defenses 
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Willing et al. 2011, PLoS ONE e26988  

Zheng, Y. et al. Interleukin-22 mediates early host defense against attaching 
and effacing bacterial pathogens. Nat. Med. 14, 282–289 (2008). 
 



Increases in Reg3b likely contribute to 
protective mechanism 

HeJ NIH 

HeJ-HeJ HeJ-NIH 

Willing et al. 2011, PLoS ONE e26988  



Phenotypes maintained in offspring 



• Microbiota of low shedding pigs differs from that of high shedding 
pigs (Bearson et al. 2013 Infection, Genetics and Evolution, 2013, (16) 330–40)  

 

The same concepts should apply in pigs 



Natural challenge experiment (Genome Canada Project) 

Faecal samples from all 3600 pigs at 
entry and during challenge 

250 sick 
pigs 

500 healthy 
pen mates 

Microbiome sequencing of 
entry samples from selected 
pigs 



• Prevotella abundance has been positively correlated 
with animal growth (Mach et al. Environ Microbiol Rep 2015 7(3):554-69) 

• Prevotella abundance correlated with lumenal IgA 

• Microbial population has been correlated with feed 
efficiency (Vigors et al. Plos One 2016 11:e0148145) 

• Mechanism is unclear, but more efficient pigs were less responsive to 
immune challenge 

Microbiota composition also impacts production 
outcomes 

Looking for microbes that make pigs grow faster in a clean 
environment is not the first priority 



 Microbes are essential for intestinal and immune 
development 

 The microbes that have co-evolved with the host are most 
well adapted to program the immune system of their 
respective host 

 There is opportunity to identify microbes that will better 
prepare the pig for pathogen challenge 

 The microbiota correlates with production efficiency and 
impacts carcass characteristics 

 

Summary of why the microbiota matters 



 Environment 

 Antibiotics in the first week of life 

 Sow diet 

 Piglet diet 

 Stress 

 

What is shaping the population of microbes in the 
piglet at weaning? 



 
Should or can we bring the outdoors inside? 

Mulder et al. 2009, BMC Biol 7:79 





In the absence of antibiotics mice do not develop colitis in 
response to Salmonella infection 

Control infected  Strep infected  



It takes 4 days for the colitis 
resistance to return 

Antibiotics reduce: 

• Antimicrobial peptide 
expression 

• Mucus production 

• Tight junction proteins 

Infection resistance is reduced beyond the period of 
antibiotic administration 



Antibiotics reduce innate defenses 

(Fouhse et al. 2016, Animal 
Frontiers 6(3), 30-36) 



Early life antibiotic exposure 



Antibiotic exposed pigs were less metabolically healthy 



Persistent 
shedders(PS) 

Low 
shedders(LS) 

Blood transcriptome is predictive of Salmonella shedding in pigs 
(Kommadath et al., BMC Genomics 2014, 15:452) 



CONTROL ANTIBIOTIC 

Antibiotic treatment altered the expression of Salmonella resistance predicting genes 
long after withdrawal  



Early life antibiotics affect T-cell function long after withdrawal 

* * 



While important for dealing with infection antibiotic treatment 
can result in adverse outcomes 

 Long-term effects on the microbial composition 

 Reduced innate defense 

 Increased infection susceptibility 

 Altered immune development (particularly pre-weaning) 

 Impacts on metabolic outcomes 

 

 

The effects of antibiotics 



 

  

Can microbial communities be selectively 
promoted by diet to promote resistance? 

Littermate mice  
x 4 breeding cages 

At weaning (3 weeks of 
age):  
-each litter divided in half  
-one group given Diet A 
-other group given Diet B 

Fecal samples collected:  
-at weaning ( 3 weeks) 
-at 5 weeks of age  
-at 8 weeks 
Citro infection-> at 8 weeks 
 



 

  

Diet A 
Diet B 

Diet impacts disease severity 

Citrobacter challenge in mice fed two standard chow diets 
  



(Fouhse et al. 2016, Animal 
Frontiers 6(3), 30-36) 



Short chain fructooligosaccharide supplementation to sows 

• Increase in colostrum IgA 

Piglets examined at day 21 

• Immune cells are more responsive 

Sow nutrition impacts on the piglet microbiota 
and immune development 
 

(Le Bourgot et al. Plos One 2014 e107508) 

IFN gamma in MLN 

* 



Inulin reduced enterobacteria in piglets and increased 
Clostridium leptum (good) (Pablack et al. 2015 BMC Vet Res 11:51) 

Fermentable carbohydrates (konjak flour) improved sow 
metabolic health (Tan et al. 2016 Appl Environ Microbiol 82:5899) 

 Transferrable to offspring 

Sow diet 



Human milk oligosaccharides promote the growth 
of beneficial bacteria 

 

Sow milk contains the same types of 
oligosaccharides 

• Bacterial taxa able to use milk oligosaccharides 
are qualitatively different (Saracedo et al. 2016, J. 
Dairy Sci. 99:7733) 

 

Opportunities to take advantage of PMOs 

Milk 



Milk oligosaccharides  

Mark A Underwood 
(2015) 77, 229-235. doi:10.1038/pr.2014.156 



Enterococcus faecium (Scharek-Tedin et al. 2015 Front Immunol 6:108) 

• Increased lactose and decreased somatic cell count in milk 

• Altered intestinal microbiota in piglets and less activated T-
cells in mesenteric lymph nodes  

Bacillus subtilis (Baker et al. 2013 J Anim Sci 91:3390) 

• Increased Lactobacillus and decreased E. coli 

 

Sow Probiotics 



Nursery Diet 



 It is key that a healthy, pig specific, microbiome is established in 
the piglet for immune development 

 Microbiota composition is key to infection resistance and 
metabolic characteristics of the pig 

 Impacts not limited to increased resistance to bacterial pathogens 

 Antibiotics have adverse health outcomes outside of antibiotic 
resistance  

 Diet is one important means to promote a healthy disease 
resistant microbiota and pig 

 Excessive hygiene is fine until something breaks 

 

 

Summary 



Understanding is still in its infancy 

Use targeted antibiotic treatments, and avoid treating the whole 
herd 

Avoid excessive antibiotic use in the early life 

Maximize sow health and microbiome to support development 

Piglets from antibiotic treated sows might benefit from microbial 
exposure to a healthy sow 

Should we avoid selection of gilts that had additional antibiotics?  

 

What can we do about it? 

* 



Identifying what pigs do have through the lifespan 

Identifying microbial populations associated with resistance 

Identify what modern pigs might be missing 

Improve health outcomes by adding back missing microbes 

Dietary approaches to support “beneficial” populations 

 

Where we’re going 
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Questions? 
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