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Background: AMU & AMR G0 iy
iInfluences and consequences

Interlinkages, delayed effects,
feedback loops...
A good candidate for a Earmer

systems approach! Broader R financial
socioeconomic it situation,
circumstances culture and

Farmer and practices Animal

community health and
health productivity

Access to
veterinary
services

Policy and
governance
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System dynamics:
what and why?

 Part of the broader Systems Thinking THELIMITS TO
approach to complex problems
« System Dynamics (SD): a mathematical
modelling approach using “stocks” and |
“flows”
* Incorporates feedback loops and delays |

* Models changes in systems over time,
including (frequently!) oscillations

« SD models often build on causal loop L e
diagrams (CLDs), used to map the S6rgen Ay
system and pick out feedback loops William W. Behrens Il

Donella H. Meadows

Universe Books, 1972
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Review literature into System

Dynamics (SD)

models based on
models

literature

Assemble overall

|dentify leverage
system map

points in CLDs

Validate model
for interventions

parameterisation

Construct causal [ Quantitative

loop diagrams Validate CLD modelling of
(CLDs) in Stella structure(s) different
Architect scenarios
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Literature: farm-level predictors of
low AMU and AMR

Broader societal factors

Assurance scheme Farmer's economic
membershlp* concerns addressed

\/ @
v"’
Social norms

[ - ( ﬂ promoténg Knowledgeable
Animal husbandry lE re:u: o f Kededn Q ;’.Se n t-“T |
and herd health '-‘ and farmer iagnostics to

.&

Farm-specific herd
health and AMU
reduction planning

Good herd health
(e.g. specific
pathogen-free)

inform treatment

Strong farmer-

veterinarian )

A @ reiavonsii Behavioural factors
l ll , 2 R and antimicrobial

- Accurate dosing stewa rdShlp

2

External

Pictured predictors biosecurity

protocols from low-AMR

- ﬂ y
focus on farms in - flocks/herds e Use of non- B S eurse IEath

Animals sourced

l Internal antibiotic —
the U K a nd E uro pe . biosecurity treatments === Clinically
“ and hygiene agx | Informed
: protocols Optimal diet e treatment
some g IObaI Iy Well-maintained and gut - thresholds

D

H J » housing and m|cr0b|0me* &
important factors Py 5 e /
m ISS | n g /ﬂ . *more research needed on these predictors

Selective rather than group
treatments where feasible
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Mapping the system:
the "Horrendogram”

wwwww infrastuctuen —
IMOroVed RN and Iestock hasth (mutple pathways)
OrOved €CONOITHC Stalus of farmirs —

tonsl b

Positive

Negative

— Unknown/complex
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—+#—> Time-delayed
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Mapping the system:

and economy

Positive

Negative

|

Unknown/complex
Hypothesised

Time-delayed

Reinforcing (positive
feedback) loop

Balancing (negative
feedback) loop
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Antimicrobial
manufacture

Cost of

successful
antimicrobial
treatment
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Clinical impacts \

Antimicrobial
pollution

AMU in
humans and
other animals

+

-

Infectious
disease
burden

T~

Environmental
presence of
chemicals with co-
selection for AMR

Y

\
\
*+

S
P| pressure
for AMR

T.

disinfectants)

(eg: heavy metals, [Fltness cost of AMR

mutation [varies
between mutations]

Evolutionary ecology /
Fraction of total
Important dela / ) .
election \{MP y microbial
a AMR in humans, population
* | other animals and :
environment Carrylng geneS
conferring
J resistance to
drug in question
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Economic factors Taxati on Of
Antimicrobial | B T~ ~4| Financial . .
Ke . sales resources antImICFObIa|S
y - M L. i T " | available
” + toi t
Positive imIsing suwoesstul || UL Disease
_ factory Antimicrobial ireatment - R ]
Negatlve ” t manufacture preven“on
ohution
P K74 Q.B\‘Clinical impgcts N\ Impro od
- Y,
Example policy levers: e T e | (T diagnostic
N . . other animals burden faﬂu;rate Capacity
e Non-intervention R +
+ Regulation @ (e )/ 200 nove
| R \ i treatments
¢ |[ncentivisation
\ Environment \
* Direct public service provision — wASH Investment
e Education and knowledge presence of S liEsc in WASH

chemicals with co-

selection for AMR

(eg: heavy metals,
disinfectants)

exchange

+

AMR in
environment

Antimicrobial )
pollution

(Consequences of
antimicrobial pollution?)
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AMU and AMR

Mapping the system: behaviour ﬁ\*{ ey

and socioeconomics

b treatment
> | failure rate

humans &
environment)

Positive

AMU in
livestock

Negative

— Unknown/complex

————— » Hypothesised
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Perceived risk

—+#—> Time-delayed

® Reinforcing (positive
feedback) loop

of stock
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Literature to inform structure
and parameterisation

National-level predictors of AMR
» Multivariate analyses of national-level data (e.g. Allel et al., 2023; Collignon et al., 2018)
* Predictors of AMR include population health, socioeconomic factors, climate, governance
Economic costs of AMR
« World Bank estimates for 2050 (Jonas et al., 2017): AMR could 1 human healthcare
expenditure by 25% in LICs, 15% in MICs and 6% in HICs
+ Same report: LMICs could see a 5-10% reduction in livestock production by 2050
AMR as a One Health problem
* Antimicrobial residues, resistant organisms and AMR gene transfer between compartments?
» Herrero et al. (2023): | livestock productivity assoc. with |, outcomes for farmers and
environment
System lags and the AMU-AMR relationship
* Rahman et al. (2023) on human clinical data in 26 countries: AMR prevalence T
immediately after AMU but continued rising 24 years after ceasing AMU
+ Some studies (Brealey et al., 2021; Dorado-Garcia et al., 2015) observe AMR prevalence |
after curtailing AMU
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Discussion & next s

* AMR well-suited to systems approac

» CLDs help ID interventions and dat :

- SD for quantitative modelling including'd

- Highlights AMR-sensitive interventions =
Ongoing work:

« Quantitative modelling with SD

» ODEs to describe relationships
 Parameterisation from literature

* Refining & combining submodels ===

T "
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