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Antibiotic Resistance
A brief introduction to antibiotic resistance (ABR).
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What is Antimicrobial Resistance?

CDC

The ability of a bacteria to resist 
the effects of an antibiotic that 

would otherwise kill it or stop its 
growth. 

The ability of a bacteria to resist 
the effects of an antibiotic that 

would otherwise kill it or stop its 
growth. 

What is Antibiotic Resistance?

CDC
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Why should we worry about AMR?

CDC, Review on AMR

2050

Photos: USAID EMAS, USAF (J. Bainter), U.S. DOD (J. Lebron) 

Who worries about AMR & ag?
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Photos: USAID EMAS, USAF (J. Bainter), U.S. DOD (J. Lebron) 

What do they know? 

Mollenkopf et al., 2017

Visit/Sampling No. CRE Isolates

Visit 1
- 30 Env. gauze samples from animal-contact surfaces
- 10 Env. samples from human-contact surfaces

3 CRE phenotype 
(from 2 nursery 
samples)

Visit 2 
- 15 Animal-contact surfaces (positive nursery barn)
- 4 Human-contact surfaces (positive nursery barn)
- 54 fecal samples (across the farm)

NONE

Visit 3
- 12 Environmental samples
- 100 rectal swabs

NONE
(some carried carbapenamase, 
but none carried conj. plasmid)

Visit 4
- 36 Environmental samples
- 72 fresh fecal samples

NONE

One 1500 sow farrow-
to-finish operation

Ceftiofur metaphylaxis 
in piglets

What do we know?
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What do we know?

Mollenkopf et al., 2017

“the end of the antibiotic age”

What do we know?
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Mollenkopf et al., 2017

“The implication of our finding is that there 
is a real risk that CRE may disseminate in 
food animal populations and eventually 
contaminate fresh retail meat products. 

Foodborne transmission may then produce 
a reservoir of mobile carbapenemase genes 

in the enteric flora of consumers.” 

What do we know?

Where should the public go for info?
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Where should the public go for info?

CDC

Where should the public go for info?

WHO, 2016
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Antimicrobial Resistance & Ag 
Why addressing antibiotic resistance on farms is important.

2
Photo: Jereme Rauckman (flickr)

Do we really have AMR in Ag?

Photos: scott1346 (flickr), USDA L. Cheung (3 photos)
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AMR in Dairy Calves

Springer, et al., unpublished
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We know that AMR is found on farms, 
even in young dairy calves. 

What can be done about it?

We know that AMR is found on farms, 
even in young dairy calves. 

What can be done about it?

AMR in Dairy Calves
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Photos: USDA-Cheung, USDA, C. Henry, USDA-Welch 

AUGUST – OCTOBER 2016

 12 People infected
 5 additional probable cases

 1 Hospitalization

 5 Colorado counties

 Campylobacter jejuni
 Multi-drug resistant

 Ciprofloxacin

 Tetracycline

 Nalidixic acid

 Source: Raw Milk
 Herdshare dairy in Colorado

Burakoff, et al., 2018. MMWR

Human Risks: Foodborne Disease
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Photos: USDA-Cheung, USDA, C. Henry, USDA-Welch 

 56 People infected
 15 States reported illness
 17 Hospitalizations

 Salmonella Heidelberg
 Multi-drug resistant

 Amoxicillin-clavulanic acid
 Ampicillin
 Cefoxitin
 Ceftriaxone
 Streptomycin
 Sulfisoxazole
 Tetracycline

 Source: Dairy Calves
 63% of cases had direct contact with livestock

JANUARY 2015 – NOVEMBER 2017

CDC

Human Risks: Animal Contact
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What to do about AMR…

RegulationRegulation

Antimicrobial 
Stewardship
Antimicrobial 
Stewardship

Antibiotic Stewardship
Protecting antibiotic effectiveness while saving money.

3
Photo: USDA L. Cheung
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What is Antibiotic Stewardship

Antibiotic 
Stewardship

Antibiotic 
Stewardship

Minimize Need 
for Antibiotics

Minimize Need 
for Antibiotics

Judicious Use 
of Antibiotics

Judicious Use 
of Antibiotics

Right Drug
Right Dose

Right Duration

Optimal Health
Optimal Comfort
Optimal Nutrition

Antibiotic 
Alternatives

Antibiotic 
Alternatives

The 3-P’s of On-farm Stewardship

revention rotocols eople

Photos (flickr): T. Nordhausen; G. Strong;USDA, NRCS

Implementing Antibiotic Stewardship
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Minimize 
Need for 

Antibiotics

Minimize 
Need for 

Antibiotics

Making Antibiotic Stewardship Pay

Hulbert & Moisa, 2016; Photo: T. Nordhausen (flickr)

Optimal HealthOptimal Health

Optimal NutritionOptimal Nutrition

Optimal ComfortOptimal Comfort

Making Antibiotic Stewardship Pay

Hulbert & Moisa, 2016; Photo: T. Nordhausen (flickr)

Colostrum & Calves
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Making Antibiotic Stewardship Pay

Colostrum & Calves

Quality sQueaky cleanQuantityQuickness

The 5 Q’s of Colostrum

Images: www.colostrometer.com, www.enasco.com, K-State Research & Extension (flickr)
5Q’s credit: S. Godden, U. Minnesota 

Failure of Passive Transfer (FPT)

Making Antibiotic Stewardship Pay

Colostrum & Calves

Quality CleanlinessQuantityTiming

The Keys to Colostrum Management

Images: www.colostrometer.com, www.enasco.com, K-State Research & Extension (flickr)
5Q’s credit: S. Godden, U. Minnesota 

Failure of Passive Transfer (FPT)
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Making Antibiotic Stewardship Pay

Raboisson, Trillat, and Chachuzac, 2016

Failure of Passive Transfer (FPT)Failure of Passive Transfer (FPT)

Increased calf mortalityIncreased calf mortality

Increased risk of pneumoniaIncreased risk of pneumonia

Increased risk of diarrheaIncreased risk of diarrhea

Decreased daily weight gainDecreased daily weight gain

$ 10.86$ 10.86

$ 10.86$ 10.86

$ 9.95$ 9.95

$ 37.44$ 37.44

$ 69.11$ 69.11

Reduced Disease = Reduced Antibiotic UseReduced Disease = Reduced Antibiotic Use

Making Antibiotic Stewardship Pay

Raboisson, Trillat, and Chachuzac, 2016

Failure of Passive Transfer (FPT)Failure of Passive Transfer (FPT) $ 69.11$ 69.11

Average: 19%Average: 19%

250 cow dairy

~125 heifer calves/year
19% FPT = 24 calves

Cost: $1659Cost: $1659
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Making Antibiotic Stewardship Pay

Raboisson, Trillat, and Chachuzac, 2016

Failure of Passive Transfer (FPT)Failure of Passive Transfer (FPT)

Cost: $1659Cost: $1659

Make sure all colostrum supplies are CLEANMake sure all colostrum supplies are CLEAN

Test colostrum for qualityTest colostrum for quality

Feed 4 quarts within 4 hours of birthFeed 4 quarts within 4 hours of birth

Making Antibiotic Stewardship Pay

Judicious Use 
of Antibiotics
Judicious Use 
of Antibiotics

Right DrugRight Drug

Right DurationRight Duration

Right DoseRight Dose
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Promotes antibiotic stewardshipPromotes antibiotic stewardship

Improves animal care & reduces 
wasteful treatments

Improves animal care & reduces 
wasteful treatments

Development of these protocols does 
come with an expense

Development of these protocols does 
come with an expense

Making Antibiotic Stewardship Pay

Veterinarian Developed 
Treatment Protocols

Veterinarian Developed 
Treatment Protocols

Making Antibiotic Stewardship Pay

Habing et al., 2016

Calf Scours ProtocolsCalf Scours Protocols

Most vets agree:
 Hydration (fluids) are ESSENTIAL
 Antibiotics are not always needed

Most vets agree:
 Hydration (fluids) are ESSENTIAL
 Antibiotics are not always needed

Mild calf scours:

13% of conventional producers 
would treat with antibiotics

Mild calf scours:

13% of conventional producers 
would treat with antibiotics

Moderate calf scours:

>50% of conv. producers 
would treat with antibiotics

Moderate calf scours:

>50% of conv. producers 
would treat with antibiotics
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Making Antibiotic Stewardship Pay

Gomez et al., 2017

Calf Scours ProtocolsCalf Scours Protocols

Farm ProtocolFarm Protocol Vet ProtocolVet Protocol

Fluid therapy for all casesFluid therapy for all cases

Medication to reduce fever (if fever present)Medication to reduce fever (if fever present)

Multiple over-the-
counter and/or 

prescription antibiotics 
used “if needed”

Multiple over-the-
counter and/or 

prescription antibiotics 
used “if needed”

Single prescription 
antibiotic used only in 

calves with a fever

Single prescription 
antibiotic used only in 

calves with a fever

Reduced 
treatment cost by:

$9.60

Reduced 
treatment cost by:

$9.60

Making Antibiotic Stewardship Pay

Gomez et al., 2017
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Making Antibiotic Stewardship Pay

Urie et al., 2018 (NAHMS 2014)

Calf Scours TreatmentCalf Scours Treatment
Save 
$9.60
Save 
$9.60

Avg. Scours: 19%Avg. Scours: 19%

250 cow dairy

~125 heifer calves/year
19% Scours = 24 calves

Savings: $230Savings: $230

Making Antibiotic Stewardship Pay

Selective Dry Cow TherapySelective Dry Cow Therapy

High SCC Cows:

Antibiotics 
± Teat Sealant

High SCC Cows:

Antibiotics 
± Teat Sealant

Low SCC Cows:

Teat Sealant 
or nothing

Low SCC Cows:

Teat Sealant 
or nothing

Reduced costs at 
dry-off

Reduced costs at 
dry-off

Increased cost of 
fresh cow mastitis
Increased cost of 
fresh cow mastitis
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Making Antibiotic Stewardship Pay

Selective Dry Cow TherapySelective Dry Cow Therapy

Several different SDCT strategies modeled 
in an “average” 100 cow milking herd

Several different SDCT strategies modeled 
in an “average” 100 cow milking herd

Adapted from: Schrepenzeel et al., 2016 (JDS)
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$357 more per year$357 more per year$202 less per year$202 less per year

Economic return varies depending on 
protocol and mastitis history

Economic return varies depending on 
protocol and mastitis history

Making Antibiotic Stewardship Pay

Selective Dry Cow TherapySelective Dry Cow Therapy

Several different SDCT strategies modeled 
in an “average” 100 cow milking herd
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eople

Data: A. Barragan, PSU, unpublished. Photos (flickr): USDA, NRCS

Protocols don’t work 
if employees don’t 
understand them

Comprehensive calving 
assistance training

Milk Yield Stillbirth Rate RP Incidence Metritis Incidence

2.3% 2.6% 1.6%4 
lb/cow
/day

The Future of Antibiotic Stewardship

Antibiotic 
Alternatives
Antibiotic 

Alternatives

Immune ModifiersImmune Modifiers

BacteriophageBacteriophage

Pro- & PrebioticsPro- & Prebiotics

Is Here Today
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Infection
10-14 DIM

 S. Aureus (bovine mastitis origin)
 2 contralateral glands infected (L4/R4)

Treatment
4h post-infection

 Phage cocktail
 PBS (neg. control)
 Cefalonium (pos. control)

Breyne et al., Front. Microbiol. 2017

The Future of Antibiotic Stewardship

Bacteriophage 
Technology

Bacteriophage 
Technology

No 
Infection

Antibiotic 
Treatment

Breyne et al., Front. Microbiol. 2017

Phage 
Treatment

No 
Treatment

The Future of Antibiotic Stewardship

Bacteriophage 
Technology

Bacteriophage 
Technology
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No 
Infection

Antibiotic 
Treatment

Breyne et al., Front. Microbiol. 2017

The Future of Antibiotic Stewardship

Bacteriophage 
Technology

Bacteriophage 
Technology

No 
Treatment

Phage 
Treatment

Preventing disease reduces 
antibiotic use & costs less!
Preventing disease reduces 
antibiotic use & costs less!

Treatment protocols assure 
proper antibiotic use.
Treatment protocols assure 
proper antibiotic use.

Not all antibiotic stewardship 
options work on every farm.
Not all antibiotic stewardship 
options work on every farm.

ABR is a concern in animal 
agriculture & we can help!
ABR is a concern in animal 
agriculture & we can help!

Summary

Photo: Dave Young (flickr)
Title Page: USDA – L. Cheung
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Antibiotic 
Resistance

Overuse

Regulation

Reduction

Restriction

Consumer 
Pressure

Antibiotic 
Stewardship

?Questions
Thank you!

Photo: Johan (flickr)


