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Outline 

• How surveillance is used… 
– both to inform risk management decision-making and, ideally, to 

monitor any resulting changes to the bacterial populations 

 

• The underlying scientific principles… 
– that should guide risk management and intervention at the 

animal, farm, industry and national levels 

 

• The conflicting pressures that are brought to bear… 
– when attempting to conserve "critically important" antimicrobials 

for human medicine while at the same time restricting access to 
less important, but widely used, antimicrobial options in animal 
agriculture 

 



How surveillance is used: 

definitions 
• One definition of surveillance: 

– An ongoing formal and systematic process 

aimed at early detection of a specific disease 

or agent in a population with a pre-specified 

action that would follow the detection of the 

agent or disease 

• Adapted from Salman, M.D. (ed.) (2003) 

 

 



How „monitoring‟ is used: 

definitions 
• Among the primary objectives of NARMS are to: 

 

– Monitor trends in antimicrobial resistance among 
foodborne bacteria from humans, retail meats, and 
animals  

 

– Assist the FDA in making decisions related to the 
approval of safe and effective antimicrobial drugs for 
animals 

 

• Adapted from the FDA NARMS website 
– http://www.fda.gov/AnimalVeterinary/SafetyHealth/AntimicrobialRe

sistance/NationalAntimicrobialResistanceMonitoringSystem/default
.htm 
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Source: USDA-NARMS 

Monitoring trends in resistance: 

example of ceftiofur resistance 



Monitoring trends in resistance: 

CIPARS ceftiofur resistance 

Source: PHAC-CIPARS 



Assist in decision-making: 

example of ceftiofur resistance 
• Pending (since 2008) 

final rule of the U.S. 

Food and Drug 

Administration (FDA) 

to ban extra-label use 

of cephalosporins in 

food-producing 

animals 



FDA broiler hatchery survey 

Source: FDA-CVM 



CIPARS: reciprocal response to 

older antimicrobials (tet, str, sul) 

Source: PHAC-CIPARS 



Beware the Tao of resistance; or, you 

can‟t have one without the other 

Resistant 

Resistant 

Susceptible Susceptible 

A lot of a little 

A little of a lot 



Underlying scientific principles… 

• Risk management and interventions in the 

aggregate: 

– Animal 

– Farm 

– Industry 

– National 

– International 



Risk analysis:  

the NRC paradigm 

Risk 

Assessment 

Risk 

Communication 

Risk 

Management 



Quantitative risk assessment 

and antimicrobial resistance 
• Risk assessments are well-suited to 

releases of toxic substances (NRC), and 

microbial safety in certain contexts (e.g., 

animal and food importation risk: OIE) 

• My opinion: they are not particularly well-

suited to microbial safety issues that 

develop and progress on both a macro-

ecological and evolutionary scale 

 



Not a simple risk management 

problem 
• Bacterial resistance is a uniquely non-

linear process with biological, economic, 

and social/philosophical consequences:  

– One person‟s use of an antibiotic may 

diminish the effectiveness of another‟s future 

use of the same antibiotic in some very small, 

yet incremental way 



Unintended consequences… 

• Concern in human medicine „generally‟ 
focuses on „target‟ pathogens 

• Concern in animal agriculture „generally‟ 
focuses on „non-targeted‟ bacteria 

– Typically, commensal and pathogenic enteric 
bacteria 

• This offers both barriers and opportunities 
from a risk management standpoint 

– Effect on gut bacteria can be desirable, or 
problematic 

 



Peeling back the layers of the 

onion… 
• I call the first layer: 

“Irony”… 
• No measurable effect of 

low dose CTC on gut, but 
likely the desired effect 

• Measurable effect of CTC 
at 22 mg/kg on gut but 
not the desired effect 

• I call the second 
layer: 
“Opportunity”… 



Two deceptively „simple’ risk 

management questions: Q1 

 

• If we start using an antibiotic (or, use more 

of it), will resistance to that antibiotic 

appear; or else, increase from current 

levels? 

• Answer: it depends… 

 

 



Antibiotic resistance: 

apparent short term effects 
Adapted from Lowrance et al., 2007 
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Antibiotic resistance: 

actual short term effects 
Adapted from Lowrance et al., 2007 



So why does this matter? 

• Available evidence supports theories suggesting 
that the use of antimicrobials in animal 
agriculture leads to the favorable selection of 
resistant strains of bacteria within treated 
animals and within aggregated groups of treated 
animals   

 

• However, the measurable effect applies largely 
to periods while animals are being treated, and 
for a short time thereafter 

 



Long-term effects 

• Longer-term effects* reflect the cumulative impacts of 
multiple uses in many animals and farms over extended 
periods of time 
– *Longer-term effects such as shown in NARMS data 

 

• These likely lead to major shifts in bacterial population 
features that gradually „reset‟ the equilibrium prevalence 
of competing strains 

 

• These are not well studied in the time frames of most 
empirical research and risk assessments, and certainly 
not on a scale we can easily operate and afford in our 
funding cycles 

 



Long-term models of expansion of 

community-based bacterial resistance 

Austin, D. J. et al. (1999) Proc. Natl. Acad. Sci. USA 96, 1152-1156 



Two deceptively „simple’ risk 

management questions: Q2 

 

• If we stop using an antibiotic (or, use less 

of it), will resistance to that antibiotic 

disappear; or else, decrease from current 

levels? 

• Answer: it depends… 

 

 



Voluntary withdrawal of ceftiofur in 

ovo injections in broiler hatcheries 

Source: PHAC-CIPARS 
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Likely effect of cessation of 

tetracycline use? 

? 

Adapted from NARMS-USDA 



Possibility for „environmental‟ 

interventions 
• Are the drivers of these long-term changes 

reversible? 

??? 

? 

Slide courtesy Dr. Guy Loneragan 



Impact of cessation of antimicrobial 

use on human health endpoints?  

• The critical question 

– Quebec broilers and human cases of 

Salmonella Heidelberg is likely to be the 

exception, rather than the rule 

• “Waterfall effects” are rare… 

 



Conflicting pressures brought to 

bear: shared perspectives 
• Antibiotics are essential for enhancing the 

health and well-being of humans and 

animals 

• There is recognition of overuse/misuse of 

antibiotics in both human and animal 

settings 

• Protecting the efficacy of antibiotics for 

future generations is considered a 

desirable objective 



Conflicting pressures brought to 

bear: risk averse perspective 
• Human medicine takes precedence over 

veterinary medicine and animal agriculture; 
therefore, the precautionary principle 
suggests that all but the most urgent uses in 
animals should be curtailed in this order: 

– Growth promotion, prophylaxis, metaphylaxis, 
therapy 

• Drugs deemed critically important to human 
medicine should not be used at all in animal 
agriculture 

 



Critically Important 

Antimicrobials: the „other‟ CIA 
• World Health 

Organization (WHO) list 

of “Critically Important 

Antimicrobials” for use 

in human medicine 

• A work in progress 

– Can be very reactive to 

changing conditions 

– NDM-1 has brought 

colistin / polymixin B to 

foreground 



A real life nightmare… 



Top 3 CIA: U.S. examples of 

human versus food animal molecules 

• Fluoroquinolones 

– (ciprofloxacin versus enrofloxacin) 

• 3rd generation cephalosporins 

– (ceftriaxone versus ceftiofur) 

• Ceftiofur formulated to extend half-life 

• Macrolides 

– (erythromycin versus tylosin) 

• Only feedgrade class of CIA in U.S. 



The Independent: June 17, 2011 



Restricting antibiotic use: 

antibiotic class versus use 
• On March 17, 2009, Rep. Louise 

Slaughter introduced HR 1549, The 
Preservation of Antibiotics for Medical 
Treatment Act (PAMTA) in the House of 
Representatives 

• On May 25, 2011 the FDA was sued over 
antibiotics allowed in farm animals:  

– Margaret Hamburg and Kathleen Sebelius 
named as co-defendents 

 



Overview of the issues: risk 

tolerant perspective 
• Providing safe, nutritious food products at 

a reasonable price is also a moral 

imperative; to do this sometimes requires 

the judicious use of antibiotics 

– Antibiotic therapy should be seen as a last 

resort 

– Prevention of clinical and subclinical 

infectious diseases in food animals improves 

both animal and human health 
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Graphs by respondent type

I have a moral duty to treat acutely ill feeder cattle with antimicrobials

Level of respondent agreement with the statement:

I have a moral duty to treat 

acutely ill cattle 

Overwhelmingly 

agree 

Responses do not differ at P = 0.413  

Overwhelmingly 

agree 
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Risk management in Europe: 

EU ban on AGPs 
• European Union (EU) ban on the use of 

antibiotics as growth promoters since 2006 

– Followed earlier actions by Sweden (1986) 

and Denmark (1996) 



VRE: Danish and Swedish 

experiences 

Aarestrup et al 2001 

Nilsson et al 2009 



The Danish experience: 

Aarestrup et al AJVR 2009 

http://avmajournals.avma.org/action/showImage?doi=10.2460%2Fajvr.71.7.726&iName=master.img-001.jpg&type=master


The Danish experience: 

Aarestrup et al AJVR 2009 
• Before/after 

– Number of swine, pigs 

per sow 

– ADG and mortality rate 

– ADG, feed units and 

condemnations 

http://avmajournals.avma.org/action/showImage?doi=10.2460%2Fajvr.71.7.726&iName=master.img-000.jpg&type=master


“Rule by obeying Nature’s laws” 


