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Motivation
Observed randomness of treatment outcome

The emergence of resistant mutati-

ons within treated HIV patients has

been intensively studied by determi-

nistic mathematical models [2]. The-

se models, however, are not able to

predict the observed probability of

treatment success/failure in patient

data (see figure on the right based

on the Swiss Cohort Study Database

[1]). Successful treatment is defined

as viral load below 400 cps/ml.
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Objective: Quantification of the impact of random effects on

the resistance and treatment outcome

Methods

Viral dynamics and mutation model

We used a validated two-stage model for the viral dynamics [2] (see figure

below). This model includes fitness costs (sg) and resistant factors (RFg)

of different mutant genotypes, which were estimated from clinical data.

To illustrate the impact of randomness on the resistance, two different

HIV mono-therapies were considered: zidovudine (ZDV) and indinavir

(IDV). For both realistic mutation schemes have been inferred by

statistical models [2]. For ZDV the poset and genotype lattice is given in

the figure below.

Hybrid stochastic-deterministic model

The stochastic model was implemented based on a hybrid approach [3].

In this approach elementary reactions are modelled as discrete stocha-

stic events if their propensity function aj is below a threshold. All other

reactions are modelled deterministically.

dX(t) =
∑

j∈S

νjdξj(t) +
∑

j∈D

νjaj(X(t))dt

Results
Impact of randomness on appearance of mutations

We observed that the accumulation dynamics of mutations differ between

the two modelling approaches. Furthermore the appearance of mutations

is delayed in the stochastic model.

• some mutations have a transient rise, not present in the determini-

stic model (e.g for A71V a mutation observed under IDV therapy (not

shown)).

• small delay for preexisting genotypes (e.g. M41L a mutation observed

under ZDV therapy (Fig. A))

•up to more than twofold delay for non-preexisting genotypes (e.g.

L201W a mutation observed under ZDV therapy (Fig. B))
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This can be explained by the way the viral load is represented.
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Viral dynamics
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Deterministic:

• approximates viral numbers conti-

nuously

• all genotypes instantaneously present

Stochastic:

• accounts for discreteness of viral

numbers

• randomness of mutation events

Initial levels and distribution of emergence of mutations
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Dependence of initial level on fitness cost

m

• simplified model with one mutation

by varying fitness cost

• Initial level = Const · s−m
g with

m=1.003 (nonlinear relationship)
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distribution of time of emergence of fully resistant genotype

 

 

• simplified model with three mu-

tations in series by varying fit-

ness cost of last genotype

•fitness cost of preceding geno-

types impact emergence of a ge-

notype

These results and the possibility of the stochastic model to predict dis-

tributions (see figure above) will enable us to provide a more realistic

description of the emergence of drug resistance.

Conclusion
Randomness and discreteness of viral load impact the emergence of muta-

tions. This is expected to have a major impact on the mutation dynamics

under combination therapy.
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