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Overview 

 Why do we need risk assessment? 

 Qualitative or quantitative?  

 How risk assessment is used by regulatory 
authorities 

 Quantitative risk assessments from the last 
10 years 

 Some concluding thoughts 
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Introduction 

 Accepted that antimicrobial resistance 
can adversely affect human & animal 
health 

 Last 10 years has seen various moves to 
reduce the selection pressures 
considered to drive resistance 

• But do we really understand what these 
pressures are in the context of what is an 
extremely complex ecosystem? 
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COMPLEX??? 

the “Confusogram” 

adapted from 
Prescott, 2000 

from Boerlin & 

Reid-Smith, 2008 
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Risk Assessment 

 Primarily an approach for providing scientific 
support to regulatory decision-making where issues 
of scientific complexity, uncertainty & conflicting 
interests are common. 

 It is one of the three pillars of risk analysis, along 
with risk management and risk communication.  

 Essentially, risk managers (the decision-makers; 
often drug licensing authorities) identify specific 
scientific risk questions to which they need answers, 
and risk assessors bring the best science to bear in 
providing answers, along with expressions of 
scientific uncertainty (McEwen, 2012) 
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Qualitative or Quantitative? 

 Qualitative approaches are applicable when quantitative data 
concerning emergence & spread of resistance in foodborne 
pathogens & commensals are limited or entirely unavailable 
• e.g. the case before new antimicrobials are approved 

 Quantitative risk assessments generally relate to licensed 
antimicrobials, often under regulatory scrutiny with respect to 
safety; usually because of their critical importance to human 
health.  
• in such cases data are available on resistance selection and 

spread in animals and through the food chain and/or environment, 
to man and the corresponding adverse health effects  

• however, the data gaps are often significant & contribute to 
uncertainties in the risk estimation 

• important that these gaps are transparent in published models 
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Approval of Veterinary Antibiotics 

 Veterinary medicines are subject to rigorous 
regulatory review whether new molecules or 
existing molecules being proposed for new 
uses 
• Regulatory review requires an element of 

qualitative risk assessment and considers the 
human safety aspects of the respective 
antimicrobial 
− Europe 

– CVMP Guidance CVMP/VICH/644/01-FINAL 

− USA 

– Guidance for Industry #152 
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Guidance for Industry #152 

 “Prior to approving an antimicrobial new animal 
drug application, FDA must determine that the 
drug is safe and effective for its intended use in 
the animal …. must also determine that the 
antimicrobial new animal drug intended for use in 
food-producing animals is safe with regard to 
human health. FDA considers an antimicrobial 
new animal drug to be “safe” if it concludes that 
there is reasonable certainty of no harm to human 
health from the proposed use of the drug in food-
producing animals” 

 FDA does not intend to exclude quantitative risk 
assessment in favor of a qualitative process” 
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Risk analysis 

process outlined 

in GFI#152, based 

on process 

described by the 

OIE, Ad Hoc 

Group on 

Antimicrobial 

Resistance and is 

similar to that 

recently 

advocated by 

Codex  
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Hazards with respect to AR include: 

– bacteria of significance to human 

health (e.g. foodborne & zoonotic 

pathogens, human pathogens, 

commensals) that are resistant to 
antimicrobials used in animals 

– genetic determinants of resistance 

Adverse human health outcomes  

include: 

– infection with resistant bacteria 

– complications of infection 

– reduced treatment options 
– increased frequency duration & 

severity of illness attributable to AR 
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So What Has Been Learned? 

Purpose Human Health Outcome Modeled Risk Estimates 

Estimate public health 

impact of FQ 

resistance in 

Campylobacter 

attributed to use of 

FQs in chickens 

 

Bartholomew et al (2003) 

No. of patients with campylobacteriosis 

that seek care and are treated with FQs 

who have FQ-resistant Campylobacter 

attributed to chicken in 1998 & 1999 

1998 

4,760 to 14,370 

 

1999 

5,230 to 15,390 

adapted from McEwen, 2012 
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So What Has Been Learned? 
Purpose Human Health Outcome 

Modeled 

Risk Estimates 

To describe the 

qualitative dynamics 

of virginiamycin use 

& Streptogramin-R E. 

faecium (SREF) 

emergence. 

 

 

 

 

Smith et al (2003) 

Effects of a ban on 

virginiamycin use on in-

hospital prevalence of 

colonisation of humans 

with SREF, under 

various scenarios of 

SREF transmission. 

Scenario comparison 

largely qualitative 

Did not specifically assess the 

numerical risks of infection & 

treatment failure, but sought to 

identify parameters critical for 

the emergence of SREF.     

Model showed for non-epidemic 

dynamics new strains died out, 

in the case of epidemics, 

transmission effected by 

hospital infection control & use 

of Ab in hospital but not by VM 

use 

adapted from McEwen, 2012 
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So What Has Been Learned? 
Purpose Human Health 

Outcome Modeled 

Risk Estimates 

To estimate bounds of 

risks & benefits from 

banning virginiamycin 

use in Australia & the 

USA 

 

 

 

 

 

 

Cox et al (2004) 

Expected reduction, 

by ban of 

virginiamycin use in 

poultry, in the number 

of quinupristin-

dalfopristin treatment 

failures, mortalities 

and years of life lost in 

humans in each 

country over a 5 year 

period 

Ban predicted 

in Australia to:                      

reduce attributable treatment 

failures at most by 0.35 x 10-3, 

mortality by 0.058 x 10-3 cases & 

life years lost by 1.3 x 10-3  

in USA: 

reduce attributable treatment 

failures at most by 1.85 cases, 

mortality by at most 0.29 cases & 

life years lost by at most 6.3 over 

5 years for the US population 

adapted from McEwen, 2012 
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So What Has Been Learned? 

Purpose Human Health Outcome 

Modeled 

Risk Estimates 

To estimate quantitative 

bounds on future 

human health risks to 

patients treated with 

quinupristin-

dalfopristin from 

continued use of 

virginiamycin in food 

animals 

 

Cox & Popken (2004) 

From continued use of 

virginiamycin,  

(1) SREF cases per ICU 

patient-year 

(2) individual mortality risk 

from SREF per 

hospitalisation 

(3) total number of 

mortalities in USA per year 

model predicted: 

(1) risk of SREF cases 

per ICU patient-year was 

1 x 10-5 

(2) individual mortality 

risk from SREF per 

hospitalisation for ICU 

patients was 4 x 10-7,  

(3) <1 excess death in the 

US population per year 

adapted from McEwen, 2012 
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So What Has Been Learned? 

Purpose Human Health Outcome Modeled Risk Estimates 

Assess risk of failure of 

quinupristin-dalfopristin 

(Synercid) therapy for E. 

faecium infections due 

to acquisition of 

resistance as a result of 

the ingestion of 

resistant strains of E. 

faecium present on food 

commodities 

 

FDA (2004) 

Probability that a susceptible 

person would become infected 

with streptogramin-resistant E. 

faecium infection attributable to 

food animal use of 

virginiamycin, and  consequrntly 

Synercid therapy would be 

impaired 

Estimated risk in the 

hospitalised 

population in the 

USA ranged from 6 

to 120 chances in 

100 million in one 

year, and from 0.7 to 

14 chances in 100 

million in one year 

for the total 

population 

adapted from McEwen, 2012 
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So What Has Been Learned? 

Purpose Human Health Outcome 

Modelled 

Risk Estimates 

To estimate the 

annual risk for the 

general US population 

of failure of treatment 

of Campylobacter and 

E. faecium infections 

that are resistant to 

macrolides due to use 

of tylosin & tilmicosin 

in food animals 

 

Hurd et al (2004) 

Yearly probability that an 

average individual is affected by 

illness due to macrolide-R 

Campylobacter or E. faecium & 

adverse therapeutic event 

(longer duration of diarrhoea, 

more sever disease, mortality) 

Probability of human 

illness due to 

macrolide-R 

campylobacteriosis   

<1 in 10 million for all 

meat commodities 

combined,                

and due to macrolide-R 

E. faecium <1 in 3 

billion 

adapted from McEwen, 2012 
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So What Has Been Learned? 

Purpose Human Health 

Outcome Modeled 

Risk Estimates 

To estimate potential 

human health risk due 

to foodborne 

Campylobacter 

infections derived 

from on-farm 

macrolide use 

 

 

 

 

Hurd & Malladi (2008) 

(1) Annual number of 

adverse outcomes from 

culture-confirmed 

resistant infections 

treated with a 

macrolide where 

resistance was due to 

macrolide use in food 

animals                       

(2) annual risk of an 

adverse outcome due 

to macrolide use for a 

person in the USA 

Median estimates of annual 

numbers of adverse outcomes 

are: 

3.62 (porcine C. coli)               

0.04 (chicken C. coli)                   

0 .11 (chicken C. jejuni)           

0.49 (cattle C. jejuni) 

Median annual risk of adverse 

outcome per person is: 

1 in 82 million (porcine C. coli)   

1 in 6.2 billion (chicken C. coli)               

1 in 2.4 billion (chicken C. jejuni)          

1 in 608 million (cattle C. jejuni) 

adapted from McEwen, 2012 
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So What Has Been Learned? 

Purpose Human Health Outcome Modeled Risk Estimates 

Quantify the potential 

for continued harm 

from use of penicillin 

drugs in food animals 

through increasing 

the number of 

ampicillin-resistant 

non-nosocomial fatal 

E. faecium infections 

in human patients 

 

Cox et al (2009) 

Mortality;                             

excess mortalities per year 

0.04 to 0.14 excess 

mortalities per year 

prevented if current 

uses of penicillin drugs 

in food animals were 

discontinued 

 

adapted from McEwen, 2012 
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Presented Data Not Exhaustive 

 McEwen (2012) reviewed data for 

risk assessments pre-2003 

including 

• Penicillin/Tetracycline & Salmonella, 

1999 

• Fluoroquinolones & Campylobacter, 

2001, 2002 
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Presented Data Not Exhaustive 

 More recent published risk assessments 
include 

 

 

 

 

 

 

 Others are in the pipeline 
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Hurd et al (2010) 
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So What Does It All Mean? 

 Can be concluded that the published risk assessments show that the risk 
to human health as a result of use of antimicrobials in food animals is 
very low 

however 

 US FDA quantitative assessment of the human health impact of FQ-
resistant Campylobacter associated with consumption of chicken 
estimated that in 1998 the distribution of cases was between 4,760 (5th 
percentile) & 14,370 (95th percentile) and in 1999 it was between 5,230 (5th 
percentile) & 15,330 (95th percentile) 

 This risk assessment was subsequently used to support, after a 
protracted legal case, withdrawal of approval for the use of 
fluoroquinolones in poultry in the USA 

 The model was criticised, and as is the case of all such models the output 
is dependent on the input data 

• importance of transparency 
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Conclusions – McEwen (2012) 

 Collectively, published QRA have to date been unable to 
comprehensively address many important aspects of antimicrobial 
resistance ecology 

 QRA is, however, showing promise as a useful framework for 
synthesis & analysis of data needed to answer important questions  

 Much work remains to be done to develop the methodology further 
and train more scientists capable of conducting & reviewing these 
risk assessments  

 QRA is very demanding with respect to data, expertise & other 
resources 

• need for international forum to pool expertise, objectively review existing 
antimicrobial resistance risk assessments, & make results available to risk 
managers & other interested parties in countries around the world 
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Conclusions – Silley (2013) 

 Fully support conclusions of McEwen 

 Risk Assessment is the way forward 

• BUT  - framing the question is important 

 Input gaps need to be filled to give greater 

confidence in the output 

 We must have confidence in the outputs & 

base regulatory and public health decisions 

on these outputs, rather than on pre-

conceived prejudice 
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Thanks for your attention 


