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IE ROSLIN What is the issue?

ncreasing levels of antimicrobial resistance worldwide.

Transition to intensive animal production systems rapidly growing
in many reqians.

Volume of antibiotics consumed by animals is approaching the
volume consumed by humans.

> 70% of the antibiotics deemed medically important for human

health sold in the US are used in livestock (and > all % in most
other countries).

(FDA, 2012)

Calls to reduce levels of antibiotics in food animals.

Health

Farmers urged to cut antibiotic use
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ANTIMICROBIALS IN
AGRICULTURE AND
THE ENVIRONMENT:
REDUCING UNNECESSARY




@ROSLN The Challenge

e Highly complex problem with myriad drug-bug-host combinations and multiple ways of
movement.

o [ifferent ways of movement:
« Bacteria
o Mabile genetic elements
 Drug residues

In:

e [ifferent hosts

e [ifferent routes

e [ifferent environments

o Better understand the dynamics of antibiotic resistance moving between food animals and
human populations.



@ROSLN The Approach

e dimple mathematical models to explore the relationship between a.b. consumption by
livestock and levels of resistant bacteria in humans.

 Which model parameters have the greatest impact on the system.

e For which (modifiable) parameter combinations do we expect to see the greatest impact of
reducing a.b. consumption in livestock.
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van Bunnik et al, RSOS, 2017



@ROSLN Methods

* |nterested in steady state of the system to explore long term effects of changing parameter
values.

e For this calculate Ry, by setting dR,/dt to 0 and solve for R,

* o measure the potential impact of curtailing antibiotic usage in animals define w = 1 —

RCE’, with RC7; = Ry, withAy = 0

Ry

e [wo scenarios:

) Low impact scenarin (B4 = 0.1)
7) High impact scenario (B4 = 0.001)



§ROSLIN Trajectories of scenarios
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Baseline parameter values were chosen such that the long-term prevalence of the fraction of the human population that is affected by resistant bacteria is
roughly 70%. Consistent with the situation of bacterial resistance to ampicillin in the UK, where both humans and food animals show similarly high level of

resistance
van Bunnik et al, RSOS, 2017



Partial Variance
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van Bunnik et al, RSOS, 2017



@ROSLN Impact of curtailing antibiotic resistance in
livestock

Low impact High impact
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Virtually no impact of reducing A, in the low impact scenario (high B,,) while in the high impact
scenario (relatively low B,,) there is a much more obvious benefit.

van Bunnik et al, RSOS, 2017



@ROSLN Conclusions

o |seful insights into a highly complex problem like antibiotic resistance can be obtained by using a simple
mathematical model.

e Although widely regarded as intuitively obvious, reducing antibiotic consumption in animals does not
decrease |evels of antibiotic resistance in humans for a wide range of scenarios (i.e. parameter space),
especially if this intervention is made in isolation.

e |tis not enough to only lower the consumption of antibiotics in food animals, the transmission both from and
to food animals should also be limited in order to maximise the impact of this and other interventions.

 formal, quantitative analyses are needed to assess the expected benefits to human health of reducing
antibiotic consumption by food animals.



@RQSLN Limitations

 Model used is very simple.

— However, by taking the simplest possible mathematical model as a starting point, we are able to
make a first step in trying to understand this highly complex system and gain some robust and
useful insights into its behaviour.

o Shape of the relationship between consumption and A is left undefined as we are only interested in
the specific alternative scenario where A, = [.

 Not properly fitted to data.

— Limited availability of data and results of the simple, generic model presented here are robust in
the sense that they apply over a wide range of parameter space that we expect to cover many
real world scenarios.



Modelling the effects of livestock antibiotic usage on
antibiotic-sensitive/resistant human food-borne disease

(an extensions to the previous model)

Alex Morgan




DD 2OSLIN Introduction

The risk of AMR transmission through the food chain is poorly understood. How a no-deal Brexit
threatens your weekly food
Food Standards Agency (2016) - Systematic Review of AMR bacteria in food at UK retail: ShOp

UK reliance on EU food imports is a major risk if the
country crashes out of the union

“There is a need for more studies to quantify the contribution of both domestic and imported
foods to AMR occurrence...” 1.00-

Excessive livestock antibiotic usage has been identified as a potentially important driver of AMR
in human populations 275,

Relationship between livestock antibiotic usage and antibiotic-resistant/sensitive human food- Country

borne disease is poorly understood

UK
— EU
nonEU

Praportion of UK Consumption
=
[=]

Use of mathematical models to understand the complexities of livestock antibiotic usage on

human health . //\/_M

1980 2000 2010

Years Alex Morgar
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*  Deterministic SIS-model for the transmission of a.b.-resistant & a.b.-sensitive
food-borne bacteria within/between livestock and humans

Model Outputs
1.  Overall level of antibiotic-resistant and antibiotic-sensitive foodborne infection
in HUMANS

2. Proportion of antibiotic-resistant HUMAN foodborne disease

Parameter Description

Bi; Per capita rate of direct/indirect transmission between infectious population |
and susceptible populationi.

T Per capita livestock antibiotic usage rate.

o Relative fitness cost (transmission) of resistant strains relative to sensitive
strains.

k Efficacy of antibiotic-mediated recovery.

¢ Antibiotic-resistant to antibiotic-sensitive reversion rate.

Ly Per capita birth/death rate in population x.

My Per capita rate of recovery in population x.

4 Background transmission rate

Model Overview

HUMAN POPULATION LIVESTOCK POPULATION
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Antibiotic-Sensitive Antibiotic-Resistant Cross-Species

Effect of Antibiotics Transmission Transmission Transmission

Alex Morgan



@ROSLN Aims [ Hypothesis

What are the effects of livestock antibiotic usage on human health?

Assumption: Antibiotic pressure reduces carriage of harmful bacteria
« Reducing antibiotic usage removes this pressure?
 What are subsequent effects in human populations?

Hypothesis - Decreasing livestock antibiotic usage will have adverse human
health effects

Alex Morgan
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Daily Incidence (per 100,000)

Daily Incidence (per 100,000)
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. Antibiotic-Resistant Infection. Antibiotic-Sensitive Infection

Decreases to livestock
antibiotic usage from
baseline levels results in
increases in overall human
food-borne disease and a
decrease in the proportion
of resistant food-borne
infection.

Red arrows represents
baseline livestock antibiotic
usage.

Alex Morgan



%ROSLN Possible mitigation of these effects?
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%ROSLN Conclusions

Livestock antibiotic usage curtailment can increase overall levels of human foodborne illnesses and decrease the
proportion of foodborne illnesses that is antibiotic-resistant.

 Thisincrease in foodborne illnesses upon curtailment is scenario-specific and will be determined by a combination of
influential parameters.

 |ncrease in human food-borne disease upon curtailment can be mitigated using livestock biosecurity interventions
(alterations to By, and Byy).

o |mprovements to agricultural biosecurity are currently ongoing - continuation of these measures may prevent
human health risks from future livestock antibiotic curtailment.

«  Future predictive modelling requires improved epidemiological data (for model fitting) and empirical evidence to
identify the current AMR situation in the explored parameter space.

Alex Morgan



@RQSLN Limitations

o [onstant rate of antibiotic usage in livestock assumed

o Llivestock antibiotic usage assumed to be the sole driver of resistance in commaon
tood-borne infections

 Homogenous mixing within-populations



%ROSLN Overall conclusions

e Reducing antibiotic consumption in animals does not decrease |evels of antibiotic resistance in
humans for a wide range of scenarios.

e Llivestock antibiotic usage curtailment can increase overall levels of human foodborne illnesses.
e Hut can be mitinated using livestock biosecurity interventions.

e Simple mathematical models can be useful to gain quantitative insights in transmission between
livestock and humans.

 However, future predictive modelling requires improved epidemiological data (for model fitting) and
empirical evidence to identify the current AMR situation in the explored parameter space
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