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One Health:
Antibiotic use in Agriculture 

(and how it relates to humans)
Pamela Bailey, DO, MPH

Antimicrobial Stewardship Collaborative of South Carolina

Objective

Apply the current standards for outpatient antimicrobial 
stewardship practice when solving complex patient or system 
challenges and improving antibiotic prescribing in ambulatory 
care settings.
Understanding how antimicrobial prescribing impacts the world 
around us
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Antimicrobial Stewardship Collaborative of South Carolina

“The time may come when penicillin can be 
bought by anyone in the shops…then there is 

danger that the ignorant man may easily 
underdose himself and by exposing his microbes 
to nonlethal quantities of the drug make them 

resistant.”
Alexander Fleming, when accepting his Nobel Prize for the discovery of penicillin
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Connect with Us

Antimicrobial Stewardship Collaborative of South Carolina

“ASC” us your stewardship questions!
asc-sc@dhec.sc.gov 

Twitter: @ASC_SCarolina

Death attributable to AMR

O’Neill J. Tackling drug-resistant 
infections globally: Final report and 
recommendations. 
Review on Antimicrobial Resistance 
2016; CC BY 4.0. 

Antimicrobial Stewardship Collaborative of South Carolina

CDC: Antibiotic Resistance Threats in the 
United States (2019)
• Antimicrobial resistance (AMR) one of the greatest public health 

challenges currently
• 2018: 2 million people infected with AMR infections; 23,000 

died
• Costs the US healthcare system $21-34 billion dollars/year

5

6



3/11/2021

4

Antimicrobial Stewardship Collaborative of South Carolina

Why agriculture?

• 1950s: low doses of antibioics given to livestock causes them to gain 
weight faster
o Low doses
o Unknown mechanism

• Industrial food animal production (IFAP)
• Concentrated animal feeding operations (CAFO)

o Treat animal diseases
o Prevent/control spread of disease

• Applied as pesticides
• Industry: reduces the cost of producing animals, therefore the cost 

of food is kept low(er)

Antimicrobial Stewardship Collaborative of South Carolina

CAFO
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Humans, animals, and plants

• Carbapenems are reserved for human use only, but otherwise 
broad overlap
oSome abx are only used in veterinary medicine due to toxicity in 

humans (ionophores, flavophosphlipols)
oTetracyclines, streptomycin treat infections in apples and pears (“fire 

blight” Erwinia amylovora)
oAntifungals broadly used to cover massive crops like wheat

• Use varies in animals
oMetaphylaxis: giving abx to healthy animals who are grouped together 

with diseased animals
 Some consider this “therapeutic” use

Collignon PJ, McEwen SA. One Health: Its 
importance in helping to better control 
antimicrobial resistance. Tropical Medicine and 
Infectious Disease. 2019; 4(22).

Antimicrobial Stewardship Collaborative of South Carolina

Growth promotion

• Highly controversial
• Administered to health animals for >2 weeks

oChickens: may be up to 36 days

• Sub-therapeutic doses improve “production”
• Colistin, fluoroquinolones, macrolides
• Benefits are likely quite small
• WHO advocates against using antimicrobials for growth 

promotion
Collignon PJ, McEwen SA. One Health: Its 
importance in helping to better control 
antimicrobial resistance. Tropical Medicine and 
Infectious Disease. 2019; 4(22).
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Regional usage • Aggregating data shows 
patterns in resistance 
and usage data

• In China, 12,000 TONS of 
colistin was used in food 
animals

• In Europe, 495 tons 
(2013)

• In Europe and also in the 
US, ~14 tons of 3,4 
generation 
cephalosporins were 
used in 2014 in animals

• In humans, in Europe 
101 tons 3rd gen 
cephalosporins (2012)

• In humans, in the US, 
82 tons (2011)

Collignon PJ, McEwen SA. One Health: Its 
importance in helping to better control 
antimicrobial resistance. Tropical Medicine and 
Infectious Disease. 2019; 4(22).
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https://www.fda.gov/animal-veterinary/safety-health/antimicrobial-resistance

Report no. GAO-
11-801 (2011)
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CDC.

Antimicrobial Stewardship Collaborative of South Carolina

One Health
• A collaborative, multisectoral, and transdisciplinary approach—

working at the local, regional, national, and global levels—with 
the goal of achieving optimal health outcomes recognizing the 
interconnection between people, animals, plants, and their 
shared environment.
oHuman expanding into new geographic areas, which may put them in 

contact with wild/domestic animals
oClimate change and change in land use (deforestation, intensive 

farming practices) disrupt environmental conditionscan provide new 
opportunities for diseases to pass to animals (and vice versa!)

o International travel moving people, animals, and animal products 
allows diseases to travel across borders

https://www.cdc.gov/onehealth/basics/index.html
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Common One Health issues
• Zoonotic diseases
• Antimicrobial resistance
• Food safety
• Food security
• Vector-borne diseases
• Environmental contamination

• Emphasis on collaboration across sectors: human health, animal 
health, environmental & agricultural experts, law enforcement, 
policymakers

Antimicrobial Stewardship Collaborative of South Carolina

Livestock-associated MRSA colonisation and infection 
among livestock workers and veterinarians
• 3490 studies, 14 038 participants eligible for the meta-analysis. 
• The pooled OR Livestock Associated (LA)-MRSA among livestock workers and 

veterinarians is 9.80 (95% CI 6.89 to 13.95; p=0.000)
oOR for swine workers was highest at 15.41 (95% CI 9.24 to 25.69), followed by 

cattle workers (11.62), veterinarians (7.63), horse workers (7.45), livestock 
workers (5.86), poultry workers (5.70), and industrial slaughterhouse workers 
(4.69).

• Livestock workers, particularly swine farmers, are at significantly higher risk for 
LA-MRSA colonisation and subsequent infection. These results support the need 
for preventive practices to reduce LA-MRSA risk among those who handle and 
treat livestock.

Chen C, Wu F. Occupational and Environmental Medicine. Online 
First: 23 October 2020. doi: 10.1136/oemed-2020-106418
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Antimicrobial resistance in the sewers
• investigated if effluent from a large Swedish hospital, as well as influent and effluent from 

the connected municipal wastewater treatment plant select for antibiotic resistant 
Escherichia coli in three controlled experimental setups. 

• Exposure of sterile-filtered hospital effluent to a  planktonic mix of 149 different E. coli 
wastewater isolates showed a strong selection of multi-resistant strains. 

• An analysis of commonly used antibiotics and non-antibiotic pharmaceuticals in 
combination with growth and resistance pattern of individual E. coli isolates suggested a 
possible contribution of ciprofloxacin and β-lactams to the selection by hospital effluent. 

• Such effects may be more pronounced in countries with higher antibiotic use than 
Sweden. 

• Despite the limited antibiotic use in Sweden, the hospital effluent strongly and 
consistently selected for multi-resistance, indicating widespread risks. Hence, there is an 
urgent need for further evaluation of risks for resistance selection in hospital sewers, as 
well as for strategies to remove selective agents and resistant bacteria. 

Nadine Kraupner, Marion Hutinel, Kilian Schumacher, Declan A. Gray, Maja Genheden, Jerker Fick, Carl-
Fredrik Flach, D.G. Joakim Larsson. Evidence for selection of multi-resistant E. coli by hospital effluent. 
Environment International, 2021 (151):106436.
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Resistance

• 2016 study in Europe: resistance was found in 1.9% E. coli
found in broilers, 6.1% of turkeys

• mcr-1 (colistin plasmid) found in E. coli from meat from China
oSubsequently been demonstrated in the environment, from offal
oMcr-2 recently found in pigs in Belgium

• Organisms with resistance likely due to overuse in agriculture: 
Salmonella, Campylobacter jejuni, E. coli (ESBL)
oMRSA seen in animals and previously was relatively rare

Collignon PJ, McEwen SA. One Health: Its 
importance in helping to better control 
antimicrobial resistance. Tropical Medicine and 
Infectious Disease. 2019; 4(22).
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O’Neill J. Tackling drug-resistant infections globally: Final 
report and recommendations. 
Review on Antimicrobial Resistance 2016; CC BY 4.0. 

So… what can we do?

Antimicrobial Stewardship Collaborative of South Carolina

USDA and FDA

• HHS->FDA
oAllows for antibiotic use for disease treatment, disease control, disease 

prevention, or growth promotion
o2003: Animal Drug Use Feed Amendments: collect/publish data from 

pharmaceutical companies on antibiotics sold for use in food animals
 Flaw: Published in aggregate
 33% decrease

• USDA
oCollects information regarding antibiotic use and resistance in food 

animals

• Together, ensure the safety of the food supply
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Preservation of antibiotics for medical 
treatment
• PAMTA (HR 1150), introduced 1999
• Preventing Antibiotic Resistance Act (S1256)
• Phase out medically important antibiotics
• 1999 and reintroduced every year since…never passed
• 450 public health, medical organization support this legislature

Antimicrobial Stewardship Collaborative of South Carolina

Concept Paper: Potential Approach for Ranking of Antimicrobial Drugs 
According to Their Importance in Human Medicine: A Risk Management Tool 
for Antimicrobial New Animal Drugs

• New proposal before the FDA
• In October 2003, ….Since then, GFI #152 has supported FDA’s 

efforts to assess the safety of antimicrobial new animal drugs 
intended for use in food-producing animals by providing a 
recommended risk assessment methodology for evaluating and 
mitigating antimicrobial resistance concerns.

• Revising the list of “medically important” drugs

https://www.fda.gov/animal-veterinary/safety-
health/antimicrobial-resistance
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https://www.fda.gov/animal-veterinary/safety
health/antimicrobial-resistance

https://www.fda.gov/ani
mal-veterinary/safety-
health/antimicrobial-
resistance
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https://www.fda.go
v/animal-
veterinary/safety-
health/antimicrobial
-resistance

Antimicrobial Stewardship Collaborative of South Carolina

Guidance for Industry #213

• 2013: FDA policy prohibiting the use of medically important 
antibiotics for “production purposes” (promote growth, feed 
efficiency)

• Fully implemented by January 2017
• Any addition of antibiotics to feed/water requires the oversight 

of a veterinarian
oVeterinary Feed Directive (2015): outlines the conditions under which 

veterinarians can authorize antibiotic use in animal feed and the 
accompanying responsibilities veterinarians must assume

https://www.pewtrusts.org/-
/media/assets/2018/02/arp_antibiotics_
and_animal_agriculture_a_primer.pdf
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Questions?
• Key references:
• CDC. Antibiotic Resistance Threats in the United States, 2019. Atlanta, GA: U.S. 

Department of Health and Human Services, CDC; 2019. Available: 
www.cdc.gov/DrugResistance/Biggest-Threats.html

• Johns Hopkins Center for a Liveable Future. Industrial Food Animal Production in 
America: Examining the Impact of the Pew Commission’s Priority Recommendations. 
2013. Available: https://clf.jhsph.edu/sites/default/files/2019-05/industrial-food-animal-
productionin-america.pdf

• Levy S. Reduced antibiotic use in livestock: how Denmark tackled resistance. Environ 
Health Perspect. 2014;122(6):A160–A165. doi:10.1289/ehp.122-A160

• US Government Accountability Office. "Antibiotic resistance: Agencies have made limited 
progress addressing antibiotic use in animals." Report no. GAO-11-801 (2011). Available: 
https://www.gao.gov/assets/330/323090.pdf

• Collignon PJ, McEwen SA. One Health: Its importance in helping to better control antimicrobial resistance. 
Tropical Medicine and Infectious Disease. 2019; 4(22).
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Connect with Us

Antimicrobial Stewardship Collaborative of South Carolina

“ASC” us your stewardship questions!
asc-sc@dhec.sc.gov 

Twitter: @ASC_SCarolina
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