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•  WHO has estimated that premature deaths would be 40% higher if 

antibiotics did not exist. 

•  Increasing prevalence of several antibiotic resistant diseases 
identified as high priority by Thomas R. Frieden, CDC Director, in 
congressional testimony (4/28/10). 
Ø  Methicillin-resistant Staphylococcus aureus (MRSA) 
Ø  MDR Mycobacterium tuberculosis  
Ø  MDR Gram negatives (E. coli, Klebsiella, Acinetobacter) 
Ø  MDR Neisseria gonorrhoeae 
Ø  Cephalosporin-resistant Salmonella 
Ø  Fluoroquinolone-resistant Campylobacter 

 
•  Many declarations of “critical threat to public health.” 

•  Fears of “return to pre-antibiotic era.” 
 

Infectious Disease and Antibiotics  



No Novel Antibiotics on Horizon 
Timeline of introduction of antibiotic classes to clinical use 

•  Discovery programs have largely yielded compounds in the same 
class or that target the same function as known antibiotics. 

•  Discovery, development, and regulatory costs are extremely high 
with extremely high failure rates.  

•  Drugs with highest ROI treat chronic diseases (diabetes, etc.).  



Antibiotic Resistance Threats, CDC 



CDC Report on Antibiotic Resistance Threats 

But only a portion are due to bacterial infections with a 
plausible link to animal agriculture… 



Microorganism	
   CDC	
  Threat	
  
Level	
  

CDC	
  Report	
  Links	
  to	
  
Animal	
  Ag	
  

Others	
  Link	
  to	
  
Animal	
  Ag	
  	
  

US	
  Infec>ons/
year	
   US	
  Deaths/year	
  

Clostridium	
  difficile	
   Urgent	
   No	
   No	
   250,000	
   14,000	
  
Carbapenem-­‐resistant	
  Enterobacteriaceae	
  (CRE)	
   Urgent	
   No	
   No	
   9,000	
   600	
  

Drug-­‐resistant	
  Neisseria	
  gonorrhoeae	
   Urgent	
   No	
   No	
   246,000	
   N/A	
  
MDR	
  Acinetobacter	
  	
   Serious	
   No	
   No	
   7,300	
   500	
  

Drug-­‐resistant	
  Campylobacter	
   Serious	
   Yes	
   Yes	
   310,000	
   120	
  
Fluconazole-­‐resistant	
  Candida	
   Serious	
   No	
   No	
   3,400	
   220	
  

Extended-­‐spectrum	
  β-­‐lactamase	
  producing	
  Enterobacteriaceae	
  (ESBLs)	
   Serious	
   No	
   Yes	
   26,000	
   1,700	
  
Vancomycin-­‐resistant	
  Enterococcus	
  (VRE)	
   Serious	
   No	
   No	
   20,000	
   1,300	
  

MDR	
  Psueudomonas	
  aeruginosa	
   Serious	
   No	
   No	
   6,700	
   440	
  

Drug-­‐resistant	
  non-­‐typhoidal	
  Salmonella	
   Serious	
   Yes	
   Yes	
   100,000	
   450	
  
Drug-­‐resistant	
  Salmonella	
  Typhi	
   Serious	
   No	
   No	
   3,800	
   Not	
  Reported	
  

Drug-­‐resistant	
  Shigella	
   Serious	
   No	
   No	
   27,000	
   40	
  
Methicillin-­‐resistant	
  Staphylococcus	
  aureus	
  (MRSA)	
   Serious	
   No	
   No	
   80,461	
   11,285	
  

Drug-­‐resistant	
  Streptococcus	
  pneumoniae	
   Serious	
   No	
   No	
   1,200,000	
   7,000	
  
Drug-­‐resistant	
  tuberculosis	
   Concerning	
   No	
   No	
   1,042	
   Not	
  Reported	
  

Vancomycin-­‐resistant	
  Staphylococcus	
  aureus	
  (VRSA)	
   Concerning	
   No	
   No	
   <	
  2	
   Usually	
  Fatal	
  
Erythomycin-­‐resistant	
  Group	
  A	
  Strepotococcus	
  (GAS)	
   Concerning	
   No	
   No	
   1,300	
   160	
  

Clindamycin-­‐resistant	
  Group	
  B	
  Streptococcus	
   Concerning	
   No	
   No	
   7,600	
   440	
  
TOTALS	
   2,300,000	
   38,000	
  

CDC Report on Antibiotic Resistance Threats 

 
•  The entire bacterial groups with a link to animal ag. account for 436k (19 %) 

of the estimated 2.3 million antibiotic-resistant infections in the US per year 
and 2,270 (6 %) of the estimated 38,000 deaths due to antibiotic-resistant 
infections in the US per year.  

•  Problem is far larger than animal agriculture and will not be solved by only 
addressing animal uses of antibiotics. 



CDC Report on Antibiotic Resistance Threats 



Antibiotics, Human Health, and Animal Ag. 
•  The extremely complex relationship between antibiotics, animal health, 

human health and environmental health is driven by two premises:  
1)  Antibiotic resistance is a naturally occurring phenomenon that is 

present with or without the use of antibiotics. 
2)  Anytime an antibiotic enters the ecosystem, it contributes to the 

presence of antibiotic resistance. 

 

Cantas	
  et	
  al.	
  2013.	
  Front.	
  Microbiol.	
  4:96.	
  



•  Bacterial antibiotic resistance is an ancient, natural, and dynamic 
process that pre-dates the human use of antibiotics.  

 
 

Bacterial Antibiotic Resistance Is Ancient 

Nature,	
  477:457-­‐61	
  (2011).	
  



•  Bacterial antibiotic resistance is an ancient, natural, and dynamic 
process that pre-dates the human use of antibiotics.  

 
 

Bacterial Antibiotic Resistance Is Ancient and Natural 

Nature,	
  477,457-­‐61	
  (2011).	
  

	
  
•  Many	
  bacterial	
  species	
  synthesize	
  an>bio>cs,	
  and	
  these	
  species	
  must	
  possess	
  a	
  

resistance	
  mechanism	
  to	
  avoid	
  their	
  own	
  demise.	
  	
  

•  Gene>c	
  analysis	
  indicates	
  that	
  bacteria	
  have	
  possessed	
  an>bio>c	
  resistance	
  
genes	
  for	
  more	
  than	
  2	
  billion	
  years.	
  

	
  	
  
•  Bacterial	
  resistance	
  to	
  penicillin	
  was	
  first	
  reported	
  in	
  1940,	
  pre-­‐da>ng	
  the	
  first	
  

therapeu>c	
  uses	
  in	
  1942.	
  	
  
	
  



•  Several quantitative assessments have demonstrated that the risks 
to human health posed by antibiotic use in animal production are 
low. 

 
 

Low Impact of Ag. Antibiotic Use on Human Health ? 



•  Avoparcin and vancomycin are glycopeptide antibiotics with similar 
structures and methods of action. 

 
 

So Why Restrict Agricultural Uses of Antibiotics? 
Denmark, EU, Avoparcin, and VRE 



•  Avoparcin was used for growth promotion in Europe but was never 
used in the US. 

•  US use of vancomycin in humans was higher than in Europe. 

•  Levels of Vancomycin-Resistant Enterococci (VRE) in EU food 
animals, meat, and human commensal flora were higher than in US. 

•  Concluded that avoparcin use for growth promotion caused the 
higher levels of VRE.  To lower VRE levels Denmark banned 
avoparcin use in 1995 and the EU banned avoparcin use in 1997. 

•  Following the bans levels of VRE dropped in food animals, meat, and 
human commensal flora. 

 
 

Denmark, EU, Avoparcin, and VRE 



•  Additional bans were enacted by Denmark and the EU not to reduce 
levels of specific antibiotic resistant bacterial groups but based on 
the “Precautionary Principle.” 

 
 

This Success Lead To The “Precautionary Principle”  

Year Action 
1998 Denmark bans all growth promoting antibiotics. 

1999 EU bans growth promoting uses of tylosin, spiramycin, bacitracin, 
virginiamycin, carbadox, and olaquindox. 

2002 Denmark bans most uses of fluoroquinolones. 
2005 Denmark increases oversight of swine veterinarians. 
2006 EU bans growth promoting uses of all remaining antibiotics. 
2007 Denmark increases oversight of food animal veterinarians. 
2010 Denmark sets limits on therapeutic antibiotic use on swine farms. 

The Precautionary Principle states “where 
there are threats of serious or irreversible 
damage lack of scientific certainty should not 
postpone cost-effective measures to reduce 
risks to humans.” 



•  Denmark’s comprehensive antibiotic resistance monitoring program 
(DANMAP) has not observed decreases in antibiotic resistant 
infections in humans. 

Bans Have Not Had Desired Impact on Human Health 



Bans Have Not Had Desired Impact on Human Health 

•  Denmark’s comprehensive antibiotic resistance monitoring program 
(DANMAP) has not observed decreases in antibiotic resistant 
infections in humans. 



Antibiotic Resistance in Animals Increased  

Simple bans will not solve the problem, no easy answers. 



Conclusions 

•  The use of antibiotics in animal agriculture is perceived to contribute 
significantly to the occurrence of human infections caused by antibiotic-
resistant bacteria in spite of scientific evidence that antibiotic resistance is 
ancient, occurs naturally, and that comparable levels of antibiotic resistance 
genes are found in environments with varying exposures to anthropogenic 
antibiotics.  

•  Antibiotic use in animal agriculture continues to be blamed for human 
infections caused by antimicrobial resistant bacteria because of a lack of 
studies directly examining the relative occurrences of antimicrobial resistant 
bacteria and genes in conventional production environments and other 
environments.  



Objectives of USMARC Antibiotic Resistance Research 

The overall objectives of the USMARC antibiotic resistance research program 
address the most critical data gaps relating to meat animals by:  
 
1)  Determining the baseline levels of antibiotic-resistant bacteria in meat 

animal production environments and meat animal final products. 

2)  Increasing scientific understanding of the persistence of antibiotic-resistant 
bacteria in meat animal production environments in the absence of 
antibiotic use. 

3)  Determining the impact of agricultural antibiotic uses on resistance and 
evaluating methods to mitigate antibiotic-resistant bacteria in meat animal 
production environments. 



Ceftiofur use in Beef Cattle Does Not Increase Resistance at 
Harvest 

•  Ceftiofur (Excede, Naxcel) is a cephalosporin used in cattle to treat 
several diseases. 

•  Cephalosporins are considered critically important to human medicine 
since they are currently a front-line treatment for serious Salmonella 
and E. coli infections. 



Ceftiofur use in Beef Cattle Does Not Increase Resistance at 
Harvest 

•  Fecal prevalences of cephalosporin-resistant E. coli transiently 
increase following ceftiofur treatment then return to pretreatment 
levels. 

•  Hide prevalences do not increase significantly.  

•  Fecal and hide prevalences 
of cephalosporin-resistant 
E. coli do not increase for 
untreated cattle during 
residence at a feedlot using 
ceftiofur. 

•  Fecal prevalence of 
cephalosporin-resistant E. coli 
for cattle treated with ceftiofur 
transiently increases following 
treatment but returns to the pre-
treatment level.  
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Ceftiofur use in Beef Cattle Does Not Increase Resistance at 
Harvest 

•  Fecal and hide prevalences of cephalosporin-resistant E. coli do not 
increase when cattle reside at a feedlot using ceftiofur. 

•  Fecal and hide prevalences 
of cephalosporin-resistant 
E. coli do not increase for 
untreated cattle during 
residence at a feedlot using 
ceftiofur. 

•  Fecal prevalence of 
cephalosporin-resistant E. coli 
for cattle treated with ceftiofur 
transiently increases following 
treatment but returns to the pre-
treatment level.  
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•  Antibiotic-resistant bacteria have been identified in a variety of habitats. 

•  Lack of research examining if levels of clinically important antibiotic-
resistant bacteria in animal and human wastes (some of which are 
applied to fields). 

Antibiotic-Resistant Bacteria in Human and Animal 
Waste 



•  Antibiotic-resistant bacteria prevalences were similar between cattle, 
human, and swine sources. 

Antibiotic-Resistant Bacteria in Human and Animal 
Waste 
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•  Concerns have been raised that antibiotic-resistant bacteria may persist 
through beef processing, potentially contemning final products and 
impacting human health.  

Beef Processing Interventions Remove Antibiotic- 
Resistant Bacteria 



•  Almost all cattle leave the feedlot and begin processing with antibiotic-
resistant bacteria on hides. 

•  Currently employeed processing interventions are effective sine 
antibiotic resistant bacteria were detected on < 1 % of final carcasses. 

Beef Processing Interventions Remove Antibiotic- 
Resistant Bacteria 
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Current and Future Research 
•  Comparison of antibiotic-resistant bacteria and resistance genes in 

feces of cattle “raised without antibiotics” and “conventionally 
raised.” 

•  Comparison of antibiotic-resistant bacteria in meat “raised without 
antibiotics” and “conventionally raised.” 

 
•  Quantitative microbial risk assessment of antibiotic uses in beef 

cattle on public health risk. 

•  Investigation into the roles of antibiotic residues and feedlot pen soil 
in the persistence of antibiotic resistant bacteria in the absence of 
antibiotic use. 

•  Study the survival of antibiotic-resistant bacteria in manure and 
municipal solid waste applied to crops.  
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Questions 

•  35,000	
  acres	
  
•  6,500	
  caZle	
  
•  4,000	
  sheep	
  
•  700	
  swine	
  liZers/year	
  

•  Gene>cs,	
  Breeding,	
  &	
  Animal	
  Health	
  
•  Nutri>on	
  &	
  Environmental	
  Management	
  
•  Meat	
  Safety	
  &	
  Quality	
  
•  Reproduc>on	
  

•  45	
  Scien>sts	
  
•  12	
  Post-­‐docs	
  


