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This is a global problem



This is a multi-layered problem



How to reduce the burden of AMR?

• Modify therapy

– New Abx, policy, evidence-based cycling, modify 

existing approaches, better separation of animal vs 

human Abx

• Reduce selective pressure

– More surveillance, less environmental impact, 

reduce use, more vaccinations

• Reduce transmission

– Risk assessments, better hygiene, trade control, 

integrated One Health surveillance

• Restore populations

– Probiotics, CRISPR-based systems, phage, 

microbial transplantation?



Some actions have rapid effect…



Collignon et al., Lancet Planet Health, 2018

The global picture on AMR is less clear…



Collignon et al., Lancet Planet Health, 2018

“Reduction of antibiotic consumption will 

not be sufficient to control antimicrobial 

resistance because contagion-the spread 

of resistant strains and resistance genes-

seems to be the dominant contributing 

factor. Improving sanitation, increasing 

access to clean water, and ensuring good 

governance, as well as increasing public 

health-care expenditure and better 

regulating the private health sector are all 

necessary to reduce global antimicrobial 

resistance.”



Classification of antibiotics
• Non-Medically Important Antibiotics

– Those antibiotic classes NOT used in human 

medicine

• Medically Important Antibiotics

– Those antibiotic classes used in human medicine

– Critically Important Antibiotics (WHO)

• The antimicrobial class is the sole, or one of limited available 

therapies, to treat serious bacterial infections in people

• The antimicrobial class is used to treat infections in people 

caused by either (1) bacteria that may be transmitted to 

humans from non-human sources or (2) bacteria that may 

acquire resistance genes from non-human sources 



Antibiotic approvals in U.S.
• Growth promotion / feed efficiency

– Use of antimicrobial substances to increase the rate of 

weight gain and/or the efficiency of feed utilization

• Disease prevention

– Use of an antimicrobial(s) in healthy animals considered 

to be at risk of infection

• Disease control

– Use of an antimicrobial(s) in animals exposed to an 

infectious disease or illness

• Disease treatment

– Use of an antimicrobial(s) for the specific purpose of 

treating an animal(s) with a clinically diagnosed 

infectious disease or illness



Changes in USA, Jan. 1, 2017

Veterinary Feed Directive

• Elimination of the growth promotion label for 

medically important antibiotics

• Disease prevention still exists

• Prescriptions are required by veterinarian for 

all medically important antibiotic use

• This was a voluntary action by 

pharmaceutical companies and animal 

agriculture



Antibiotics used in U.S. broiler production

Medically important Non-medically important



Antibiotic use in U.S. broiler production





Antibiotic use in U.S. turkey production





Why we don’t want blanket reduction 

targets

Treatment of E. coli diseases in poultry



The Game Changer – avian E. coli



The game changer

• Laying hen clinical E. 

coli from Iowa

• Resistance to 6 

classes of Abx

• Class 1 integron

• Heavy metal 

resistance

• Disinfectant 

resistance

• Ubiquitous



What is avian colibacillosis?

• Range of localized and systemic infections

• Etiology (cause) is E. coli

• Death results from systemic infection

• Prior to death, many “entry points” exist for E. 

coli:

– Airborne

– Ascending (reproductive)

– Skin breaks

– In ovo or during hatch



APEC = avian pathogenic E. coli



• “Extra” DNA

• Self-replicating

• Sometimes transmissible

• Circular

• Most E. coli pathotypes 

are defined by their 

plasmids

• APEC is defined by a 

single plasmid

What is a plasmid?



E. coli pathotypes



APEC are similar to some human ExPEC



APEC are MDR



Foodborne urinary tract infections (FUTIs):

Colonizing opportunistic pathogens (COPs)

• Eat undercooked chicken or touch contaminated 

surfaces

• Touch your mouth with your fingers

• Get colonized with drug resistant E. coli from the 

chicken

• Time goes on

• Get a UTI







Host-adaptive markers provide higher resolution

12% of UTIs have a 

food origin



Game Changer #2 – Salmonella Reading



Salmonella Reading outbreak: raw turkey products, 

no single company, multi-state, multi-country



USA

Canada





Resistance pattern Resistance genes Plasmids

ASSuT blaTEM-1C strAB sul2 tetA IncQ1 + 

Col440II

A blaTEM-1C Col440II

SSuT strAB sul2 tetA IncQ1



Simple explanation? Resistance

• Biofilm formation

• Adherence/invasion in avian cells

• Adherence/invasion in human cells

• Environmental survival

• Fitness during enrichment

• Resistance to disinfectants

• Work in progress – pointing towards 

plasmids conferring some or all of these 

traits



Where do we go from here?

Alternative products to control pathogens 

and sustain health

How do you choose your probiotics?



Probiotics: approaches

• Generally there are two concepts:

–Continuously feed (most direct fed microbials)

–Target at specific times (hatch, movement, 

disease challenge, vaccination)

• Generally there are two approaches:

–Find a probiotic strain with the right properties, 

don’t care if it colonizes

–Find colonizing strains that will stick around



Probiotics tailored to target specific strains

Probiotic

Clinical 

isolate

Bacteriocin



Resistance is not limited to antibiotics
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Host-tailored probiotics can mimic effects of 
antibiotic growth promoters



What is the future for feed additives or 

antibiotic alternatives?

• Better surveillance

–Genome-based

–Farm-specific

–Proactive

–Judicious

–Multi-pronged

–Uses math and modeling



“Next-gen” product workflow

1. Surveillance of the pathogens on farm through high resolution 

techniques (whole genome sequencing)

2. Identification of common problematic pathogen clones

3. Creation of a custom product targeting those clones

4. Continued surveillance of pathogen following implementation

5. Prediction of the next “shift”

6. Switching of product at least every 1-2 years

This only works if all 6 steps are followed!





GCC 3016 Antibiotic resistance: How 

can we avoid the apocalypse?
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