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• Multi-resistent pathogens like e.g. vancomycin-resistent

enterococci (VRE) are a major infection control problem

• increasing costs and prolonging the length of stay in hospitals

• intervention strategies are essential to control the outbreak

• mathematical modelling can help to understand the transmission
dynamics

• recent VRE-outbreak at the University Medical Center Freiburg,

where more than 100 patients were colonised or infected

• data-based estimates will be used for model parameters
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Prevalence of VRE-positive patients per day in

hematological / oncological ward (19 beds), 11/2004 - 1/2005
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Data based estimation and expert guesses (literature)

Parameter Meaning Value

Np number of beds 19
Ns number of med.staff 7
a contact rate (/med.staff/patient/day) 6.9
n nursing-staff proportion 0.7

φ̂ admission colonisation prevalence 0.16
γ̂ uncolonised discharge rate 0.08

γ̂′ colonised discharge rate 0.04

1/µ duration of contamination 1 h
bs contamination probability 0.4
bp colonisation probability 0.06
1/κ duration of contamination of the envir. 10 days
βes

transmission from med. staff to envir. 0.15
βep

transmission from colon. patient to envir. 2
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Event Rate
colon. admission Yp → Yp + 1 Λφ

transmission Yp → Yp + 1 abp
Ys(t)
Ns

Xp(t)

removal Yp → Yp − 1 γ′Yp(t)

med. staff cont. Ys → Ys + 1 abs(
Yp(t)
Np

+ Ye(t)
Ne

)Xs(t)

med. staff decont. Ys → Ys − 1 µYs(t)

ENVIR cont. Ye → Ye + 1 (βes

Ys(t)
Ns

+ βep

Yp(t)
Np

)Xe(t)

ENVIR decont. Ye → Ye − 1 κYe(t)

Remarks

• true mass action (’/N.’)

• Reed-Frost assumption (’Y.X.’) instead of Greenwood (’X.’)

• solution of ODE’s only yields the mean, but without any variation
• stochastic simulations are essential for small populations

• time to next event is assumed to be exponentially distributed
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• initializations

◦ choose parameter values

◦ choose initial values

• iteration

◦ sum up all rates of change:∑
= λ1(t)+λ2(t)+λ3(t)+λ4(t)+λ5(t)+λ6(t)+λ7(t)

◦ next event occurs after random time T ∼ exp(
∑

)

◦ the conditional probability that single event i, (i ∈ {1, ..., 7})
happens is proportional to the corresponding rate of change:

e.g. at T a colonised admission happens with probability
λ1/

∑

◦ calculate new
∑
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1000 simulations: mean with 95% pointwise confidence band
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Intervention

1. hand-washing, use of gloves (compliance 50%)

2. specific cleaning of contaminated environment (3 times a day)

3. patient isolation or one-to-one nursing (cohorting prob. 80%)
4. screening on admission (isolation of VRE-positve)

5. restricting antibiotics (RR=3, reduction of 50%)

Monte-Carlo simulations

• 20 days after the outbreak: intervention
• simulations might show the effect of the intervention
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Hand hygiene, cleaning and ...
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• Modelling

◦ extension of established methods: additional routes

◦ stochastic simulations of the Poisson process

• Findings

◦ expected prevalence 30 days after outbreak: ∼ 65-70%

◦ only combination of several interventions might control VRE

◦ then one can expect that it would last about 40-100 days to

eliminate VRE
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Limitations:

• more realistic, but overfitted ?

• parameters partly judged by expert guess rather than estimated

from data

• constant rates assumed, but e.g. transmission rate probably

changes with time after interventions

Outlook:

• combining deterministic modelling with statistical analysis

methods

• parameter estimation via martingale theory

• estimating time-dependent rates
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