Modeling antimicrobial cycling, mixing, and
combination therapy: Why is it so difficult to draw
conclusions?

Hildegard Uecker & Sebastian Bonhoeffer

Max Planck Institute for Evolutionary Biology

ESEB Turku 2019

. e X



Antibiotic treatment protocols

Hospital-acquired infections:
® 30% of patients in intensive care units are affected (WHO)

To approach the resistance problem:
use two antibiotics (A and B) for the phase of empiric treatment
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Question:

Which strategy
is best?

Bonhoeffer et al. 1997
Bergstrom et al. 2004
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Why have mathematical models been unable to give clear answers to date?

Aim: Identify and discuss modeling aspects that influence the conclusion.
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The modeling framework

Processes:

deterministic ODE system
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The modeling framework

Processes:

influx & efflux
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The modeling framework
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The modeling framework

4 T
iit
,,/ i,k ’i\\\\
,-° S:infected
L7 with sensitive strain .

N\

Processes:

influx & efflux -~ ! o
infection it I )

mass-action kinetics, i by N & LAY S

eg. BXRe | s T AR e g L

& P B . i\i i@ 4_replfacer_wnent /ﬁ? * At - /R\fi\ /kk
infection
replacement infection A: infected X: uninfected Rg: infected
with drug-A resistant ! with dfug-B resistant
strain v L/ strain

deterministic ODE system

Rag: infected

. Tepekule et al. 2017
uble resistan

ain Uecker & Bonhoeffer 2017




The modeling framework

Processes:
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The modeling framework

Processes:

influx & efflux

infection
mass-action kinetics,
e.g. BXRg

replacement infection
recovery due to treatment
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Optimality criteria

Two classes

Overall treatment success Resistance
® number of uninfecteds in a year ® number of infecteds with resistant
® mean number of uninfecteds in strain
equilibrium ® rate of emergence of double resis-
tance

Combined criterion: number of uninfecteds until resistance has reached a certain level



The optimality criterion

combination
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Some other factors influencing the ranking of strategies

® Model variant without a compartment for double resistance
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® many parameters; initial conditions

® deterministic vs stochastic implementation
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Modeling mixing and cycling

Standard model for mixing: in
every compartment, 50% of all
patients receive drug A at all times
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Modeling mixing and cycling

Standard model for mixing: in Alternative model for mixing:
every compartment, 50% of all drug A gets assigned to 50% of all
patients receive drug A at all times patients at the onset of therapy
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Modeling mixing and cycling

Standard model for mixing: in Alternative model for mixing:
every compartment, 50% of all drug A gets assigned to 50% of all
patients receive drug A at all times patients at the onset of therapy
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Modeling mixing and cycling (here: no double resistance)
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Modeling mixing and cycling (here: no double resistance)
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Suggestions & Gaps & Conclusion

Optimality criterion:
® extend current modeling approaches to assess mortality and the length of
hospitalisation

Further extension:

® rethink models: commensals as agents of infection

Conclusion:
® Can the models provide insight? — yes (but with caveats)

® The complex picture is a result!

Uecker & Bonhoeffer, bioRxiv
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