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Infroduction Model
Antimicrobial resistance (AMR) is responsible for ~1 million deaths ggg;gggedconﬁgﬁﬂgﬂ?v” re"g‘;sm rﬁ Low tosin level
. . . egge ’ R Js > IR
per year with this reaching 10 million deaths per year by 2050 [1], bacteria and N. sensitive bgdem ;;:il

costing $100 trillion USD via a loss in global production. with birth & death rates TEs. The

. : : . . system experiences instantaneous
AMR: resistant bacteria pay a metabolic cost 1o be resistant but random environmental switches in

are protected if anfimicrobial is present; sensitive bacteria pay no resource availability and toxicity.
cost but are affected by the antimicrobial.
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* Resistant bacteria — fitness: fz = 1 g;”j "
Demographic fluctuations (birth / death events) and * Sensitive bacteria - fitness: fs(t) = exp(s67(t) g .o remgurces Abundant resources
environmental changes are vital to understand AMR, but they are Carrying capacity: K () = Ko[1 + &k (1)] P o=
rarely considered together. Their eco-evolutionary dynamics _ - orvionmenta Definfions
remain unsolved. Pirths & deaths L voltion stangth
Tg/s_ ﬁi)s NR/S r = Ng/N: resistant fraction of population
. . . . . N f(t) 5:1:+(1—x) exp(s&r): average fitness
In which cases do resistant bacteria dominate, die out, or Nrys . Nrys +1 = (0 £ v, >/§:s§ifgfhip]g mgi.g%i’rug?ﬁfe(}i{ﬂf(}
coexist with sensitive strains? N Tr/s= K(t) NR/S\ N 1 K?;_ E;/(+:—?( ))//zfas.’ro’ric corr?/ing copoci’;y
R/S R/S = (K, — K_)/2K, > 0: pop. bottleneck strength
Increased selection pressure promotes Carrying capacity switching can promote or
coexistence for fast toxin level switching jeopardise coexistence

For small switching rates in

the carrying capacity, the 0.3
pop. size distribution s
bimodal around the two  oisfti

values. As vy increases, it Foaion gz
becomes unimodal
around an effective value
between the two and the
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We start by considering toxin switching only. We see that the
switching environment can lead either to dominance of a strain
or coexistence of the two strains (7 > 2(N) [2]).
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As the strength of population

S bottlenecks, y, increases, we Coexistence when
see coexistence is diminished N~ Ko(l—7) "7
> for small and large vk, as the coexists

system finds it easier to fixate
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at the smaller population sizes. v =10
03 We also see that the bright Coexistence when
green coexistence region N =~ Ko(1 —~%) "

107 10 o e decays slower for increasing y coexists

when the switching is fast.
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Abundance of resistant bacteria depends
non-linearly on switching rate

Since the pop. size and composition are decoupled, we find results
for the average values independently and combine to find the

Mean-field dynamics with fast toxin switching

predicts coexistence composition

By considering the mean-field equations for x in the fast-switching
imit, we find an emergent coexistence fixed point,

. 1 or o behaviour of abundances for resistant bacteria.
T = coth —
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This predicts very
well the 0.25
composition of
the system, given < 0.0
that the system
coexists.
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Conclusions

« Forlarge enough selection strength and toxin switching magnitude, a long-lived coexistence is permitted.

* |ncreasing resource switching magnitude increases the size of the coexistence regime, while increasing the strength of population bottlenecks
decreases it.

 When there is long-lived coexistence, the composition can be accurately predicted by the mean-field value In the limit of fast foxin switching.

« Resistant bacteria abundance decreases with faster resource switching and varies non-linearly with toxin switching magnitude.

Fluctuating environments can change population evolution radically. We have found that long-lived coexistence emerges for sufficient toxin
level variation, while variability in the resource level can oppose coexistence due to population bottlenecks which increase the strength of
demographic fluctuations. In considering twofold environmental variations, we have shown that these can have qualitative effects on the
popuvulation evolution.
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