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1. AMU in humans vs. AMU in animals

o Primary focus is BALYs * Primary focus is production
* Human health :: welfare « Animal health :: productivity
e [pals: e Goals:

* Reduce hospital LOS (length of stay) « Reduce financial losses

* Reduce 30 (sick days) « Reduce animal weight loss
e [ontral: « Control:

* NHS » Veterinary Medicines

o UK Health Security Agency Directorate

» [epartment of Health and Social Lare » Department for Environment,

Food & Rural Affairs



QP THE UNIVERSITY o EDINBURGH
oN): Gilobal of
“Shes  Agriculture and Systerns

1. AMU in humans vs. AMU in animals

* Primary focus is production
* Animal health :: productivity

Primary focus is HALYs
Human health :: welfare

e [oals:
* Reduce hospital LOS (length of s
* Reduce 3D (sick days)

oals:
Reduce financial losses
Reduce animal weight loss

e Control:

* Veterinary Medicines
Directorate

« Department for Environment,
Food & Rural Affairs

Contraol:
« NHS
o UK Health Security Agency
o [epartment of Health and Social Care



bl THE UNIVERSITY of EDINBURGH
FN): Gilobal of

A

Sans  Agriculiure and Systerns

2. Not a new a idea

e [inal: connect AMU in farm animals to AMR in humans

e Environment as a reservoir of bacteria (AMR and "Simple”)

Research article

Modelling the impact of curtailing van Bunnik 2917

Lanzas 2011 .. . ! .
2] T antibiotic usage in food animals
G on antibiotic resistance in humans

ol L3 B. A. D. van Bunnik & and M. E. J. Woolhouse
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3. What can be improved? 3

Baa 01
dRH ] ) Bt 01
% An(1 — Rp) + BunRu(1 — Ru)(+ BanRa(1 — Ra) - pnRu;
Ban 01
Bra 0.001
dRa
% Aa(1 — Ra) + BaaRa(1 — Ra)(+ BuaRu(1 — Ra) 5 paRa, ) .
B B An 01
Ua 01
Hi 0.1

Van Bunnik 2017
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Knight 2019

3. What can be improved?

dR

d—tH = Ag(1 — Ry) + BuaRu(1 — Ry)+ BauRa(1 — Ry) 5 pnRy;
dRa

% Aa(1 — Ra) + BaaRa(1 — Ra)(+ BuaRu(1 — Ra) 5 paRa,

However, the current state of mathematical modelling of ABR has both conceptual
and empirical gaps, which urgently need to be filled given the importance of having Van Bunnik 2017
good models. Model results tell us that details matter [...]. However, without being
able to routinely inform and calibrate these models with comprehensive
epidemiologic data, we currently lack confidence in model predictions, most notably
at the larger regional and national scale.
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4. Narrowing the problem

e £. coliinfection in humans
e eneralized AMR prevalence in farm animals
e Proxy by antimicrobials sales

e |ndirect effect of farm animal on humans (environment reservair)

- . . 1 I
e Environment reservoir “self requlates”.
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Quick recap 1

e 3 - susceptible proportion e X - susceptible (total)

e | - infected proportion e Y - infected (total)
o | =3+ o N=X+Y
dX 1 dI

dt N dt

SLILLT
7
i n‘] o
o r
Ay

E k]
“Ses  Agriculture and

Global

of

THE UNIVERSITY of EDINEURGH

Systems




ol
'ﬁ"iﬁ’ ‘=_\-, THE UNIVERSITY of EDINBURGH
NFN): Global of

waet  Agriculture and Systems

9.1 Modelling AMR humans

Human dynamics

e [ata for England ; .
e t. coli yearly infections S X > |
e Divided by hospital/community

e dapronotic pathogen |->_W —>

UK gov 2022

e Estimation of:
Lanzas 2019 dIh dSh

P dt ' dt

u|
A0
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9.1 Modelling AMR humans

Human dynamics

dlh dIh,B dIhW k!
E=<1‘¢7+“hw ac o [l
Hng _ prs YW — WS Ii W >
dt dt
sy,

_ — I
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9.2 Modelling AMU on animals
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e Typically density dependent model
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Simple Resistant

Al Ifsm Ifrm

S r

j={fsm, fsn, frm, frn}




9.2 Modelling AMU on animals

i={1,2,..,n}

L 1

i Ny

* Frequency dependent model
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9.2 Modelling AMU on animals

Ifsm Ifsn Ifrm Ifrn Yl fsm

I:1 Ii,fsm - YL

F2
Yy = Niz Iyj
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9.3 Modelling AMR environment

e Markov chain = dynamic system

aw;
dt = aWh(/lhsthsm - Ahrnlhrn)

+ay (Afsmlfsm - Afrnlfrn) — W,

From From
Ws Wr

W,
ToWs | pss Pr-s I]csm —>
To W | A " Ll
O r Ps—r Pror hsm
Ws

Ifrn

aws
dt - ah(_lhsmlhsm + Ahrnlhrn)

pT—>T +af(_/1fsm1fsm + Af’rnlf'rn) + TM/)"
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9.3 Modelling AMR environment

e Markov chain = dynamic system
aw;
W = awn(AnsmInsm — )
+an(lfsmlfsm - ) -
. aWh/lhrnlhrn + an/lfrnIfrn + TVVr

Ps—r = W

s
1-— Ps—r Ps—r
dWs
C \ W = dp (G Ansminem )
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6. Dynamic system

Human dynamics Environment Farm animals AMR
reservoir balance frequency
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6. Dynamic system

Human dynamics Environment Farm animals AMR Data values / calibrated equilibrium:
reservoir balance frequency « Human: B W
Sy /I,

' 7 Wr Estimated:
I No AU * Environment: W,, W, ayp, ayr, A
% > Ihrm N P - Ifrn ° Human- a
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U . CEETTE SRR ltsm frofrm
A # 'hsm

o I «—
5 g Bl s Output:
? « Environment: W, W,

 Human: S, I,




= Global of
Agriculiure and Systems

{. Discrete event simulation

Human dynamics Internal source Imports source Exponential arrivgll:
P dYpr= SN dY = WWiSi; ty =dY le® @
Sh——>{ I I |
" e ' ' 3 Bemnoulli decision
\ p(c) p(h) P(i)
3 AMU No AMU v v y (based on data)
B lhrm Community Hospital ICU
& r . T AMU: AMU: AMU: Bemoulli decision
h E p(mic) | | p(mih) p(mli) (estimated)
: I |
A —>{ Ihsm |
o 5 er | ! -
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PRELIMINARY RESULTS



Quick recap 2

o DALY and (IALY:

o [ALYs gained:

Qg = Q; —Q
|: duration of the disease (i : with treatment)

[I: health-related quality of life weights predicted (or observed)

r: discount rate

Sassi 2006

e DALYS fror% Infection:
Dg - 7 (1 — e""Li)

 Infectious disease, acute
episode moderate D = 0.051

e r=3%

Haagsma 2015

[m] %=y [m]
TT=T 'l




Parameters human AMU
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Scenario Name |~ If |~ |Lhsm | ~ Lfsm| ~ |alphaW ~ | Wa0| ~ Ws0|~ alpha fw|~ alpha_hw |~

5 BAS 0.1 0.6 0.6 0.4 0.4 0.6 0.01 0.99
-If 0.05 0.6 0.6 0.4 0.4 0.6 0.01 0.99

8.3 Scenarios Meta
+Lsm 0.1 0.7 0.7 0.4 0.4 0.6 0.01 0.99

++Lsm 0.1 0.9 0.9 0.4 0.4 0.6 0.05 0.95

alpha f 0.1 0.6 0.6 0.4 0.4 0.6 0.05 0.95

Wa + 0.1 0.6 0.6 0.4 0.45 0.55 0.01 0.99

Wa + AMRe 0.1 0.6 0.6 0.5 0.45 0.55 0.01 0.99,

DALY
14000 Average Infected yearly per category
50000
12000 45000 %
N N N N N
10000 40000 % % N\ § % N
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8000 30000 values
N
25000 § § > Yhsm m Yhsn
6000 N N
20000 \ \ §
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10000
2000
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+Lsm ++Lsm alphaf Wa + Wa + BAS -If +If tLsm = ++Lsm alphaf Wa+ Wa +
AMRe AMRe
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O. Next steps

o [alibrate different years will produce information on
W, and W,. dynamics
* Qyp, and ayy ¢: eftects of human and farm animals in the environmental equilibrium

o A:effect of each infected proportion in the environmental equilibrium
* ayyy: proportion of human infections coming from the environment
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