Model parameterization



RATE PARAMETERS

* Every rate (arrow) needs to be parameterized, the more rates, the
more parameters (and complexity) you are adding to the model

* Are the rates well-known in the literature? How relevant/robust are
parameters from the literature to your population?

* Are the parameters from literature based on primary data or rates
from other models?

* What are the sources of uncertainty in your parameters?



STATE VARIABLES

* What data are you using to determine the initial conditions of your
model or the current number of susceptible/infected/recovered
people?

* How reliable is this data? Where are the sources of uncertainty (e.g.
reporting rates, asymptomatic infections)

* |s epidemiological surveillance data for your disease reliable, timely,
and complete?

* Model fitting is a whole thing...



Qualitative versus quantitative models



*2 principle sources of uncertainty:
-model structure uncertainty (have you got your boxes and arrows right?)
-parameter uncertainty (do we know these rates and how variable are they?)

Probability of infectious contact
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RATE PARAMETERS



Probability of infectious contact
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1. What will
determine this
rate?
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measure it?
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Searching for parameters in the literature

* Google scholar, PubMed etc are good places to start
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Abstract

The hepatitis C virus is hitherto a tremendous threat to human beings, but many researchers have
analyzed mathematical models for hepatitis C virus transmission dynamics only in the deterministic
case. Stochasticity plays an immense role in pathology and epidemiology. Hence, the main theme of
this article is to investigate a stochastic epidemic hepatitis C virus model with five states of
epidemiological classification: susceptible, acutely infected, chronically infected, recovered or
removed and chronically infected, and treated. The stochastic hepatitis C virus model in epidemiology
is established based on the environmental influence on individuals, is manifested by stochastic
perturbations, and is proportional to each state. We assert that the stochastic HCV model has a unique
global positive solution and attains sufficient conditions for the extinction of the hepatotropic RNA
virus. Furthermore, by constructing a suitable Lyapunov function, we obtain sufficient conditions for
the existence of an ergodic stationary distribution of the solutions to the stochastic HCV model.
Moreover, this article confirms that using numerical simulations, the six parameters of the stochastic
HCV model can have a high impact over the disease transmission dynamics, specifically the disease
transmission rate, the rate of chronically infected population, the rate of progression to chronic
infection, the treatment failure rate of chronically infected population, the recovery rate from chronic
infection and the treatment rate of the chronically infected population. Eventually, numerical
simulations validate the effectiveness of our theoretical conclusions.
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Global analysis of a mathematical model for
Hepatitis C virus transmissions

uiging Shi ° X, Yunting Cui

(8" = A —\S — uS + 4R, (1) E.H. Elbasha
I'=AS—(p+o+e+d), Model for hepatitis C virus
P =l +pT — (p+6+71)P, transmissions
R = oI+ 6P+ acV +néW + 0T + 0Q — Y AR — (u + )R, Math. Biosci. Eng., 10 (2013), pp. 1045-1065

) View in Scopus »  Google Scholar »

V' =9YAR — (p+ ao + ke + d)V,
W' =keV +¢Q — (p+nd + )W,
T =7P— (u+p+0)T,
Q' = ¢W — (n+ (+0)Q,

View in article

where

A=BI+ 7P+ vV +wrW + x1T + x7Q),N=S+I+P+R+V+W+T+Q

The biological meanings of all variables and the values for the parameters are given in
Table 1.

Table 1. Description of variables and parameters, and the parameters values except f3, are
from Ref. Elbasha (2013). The value of 8 is estimated as (0, 3]year™".



4.1. Parameters values. The baseline parameter estimates are summarized in
Tahle 1 The haseline values were derived ag follows  The remaoval rate 1 consists

of natural death and cessation of high-risk activity (e.g., injecting drug use). We
set the natural death to 0.02 per year, implying that the average life expectancy of
this population is 50 years. Estimates of the duration of injecting drug use vary,
ranging from 8 to 41 years [29]. We assume that it is 14 years [15]. Thus, p = 0.09

(= 0.02 4+ 0.07) per year. [ |
According to data from th§ National Household Survey on Drug Abuse aif esti-
mated 440,000 persons reporwwgm— E.H. Elbasha
2002 [6]. Assuming a steady state, this implies A = 39, 600 per year. Model for hepatitis C virus

The rate of recovery from acute infection o is estimated at 0.5 per year and the
rate of progression to chronic infection £ at 1.5 per year, which is equivalent to a
mean duration of acute infection of 6 months and an overall rate of clearance of
25% [51]. The rate of recovery from chronic infection § is estimated at 0.002 per
year [8].

Reinfection occurs in approximately 50% of IDU who previously spontaneously View in article
controlled primary HCV infection, suggesting a v value of 0.5 [42]. Another study
found that the odds of developing infection among persons previously cleared HCV
infection compared with those infected for the first time is 0.23 (confidence interval,
0.10-0.51) [25]. Also, rates of viral clearance among reinfected patients are approx-
imately 3.3 times faster than rates of clearance of primary infections [42]. Thus, we
can assume o« — 7 = 3.3, and kK = 1/3.3.

transmissions
Math. Biosci. Eng., 10 (2013), pp. 1045-1065
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Rate of antibody loss is low. One study estimated it at 0.6 per 100 person-years
whereas another study found that antibodies were undetectable in 50% of patients
18-20 years after recovery [1, 46]. Thus, v can range from 0.006 to 0.035. We choose

the average of the two estimates and assume the average life span of antibodies is
four decades (ry — 0.095)

Mainly because of lack :
infected patients receive tfeatment. Estimates of annual treatment rates among
IDUs in the US are as low ps <1% [37]. Other estimates from other US populations

o~ —a




predict the probability of viral transmission from a single transfusion given viral
load of the donor [49]. Here we make simple assumptions regarding the relativ
infectivity of persons in classes I, P, W, V. T, and (). According to data fro
animal experiments, chronic phase plasma may be 75- to 100-fold less infectiou
than acute phase plasma [31]. Thus , we assume 7 = 0.01. Experimental data fro
reinfection of chimpanzees that have cleared HCV suggest that viremia levels are si
to seven log fold lower compared with viremia levels during primary infection [33]

pegylated interferon alfa and ribavirin have undetectable HCV-RNA, we assume
that they are 50% less infectious compared with untreated patients in the chronic

— phase. 11nus, x — U.0.

Estimates of the contact rate 3 can be inferred from data on incidence and sero-
prevalence of HCV among IDUs in the absence of widespread treatment. Estimates
of HCV seroprevalence in the US vary widely, ranging from 18% to 90% [2]. Also,




Parameter uncertainty

* Sometimes there’s no data but our model results don’t rely on that
parameter

* Sometimes there is literature from other settings, but it’s likely to be
generalizable so we can use the parameters “safely”

* Sometimes the data might be available freely online in various forms
(or proxies for our variables)

 Sometimes we have data from our own programs to estimate these
parameters



Introducing sensitivity analysis

* Sensitivity analyses are one way to manage uncertainty across a range
of parameter rates: we want to check how sensitive our model
results are to parameter uncertainty

* It is also answering the question itself sometimes

* A sensitivity analysis may involve varying parameters across their
ranges

* Another type of sensitivity of model results could be to initial
conditions in the state variables (the number of S, |, and R people)

* “Robust” means that the dynamics don’t change substantially, or
qualitatively.
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Hold everything constant, and vary one (or a few) parameters

SIR MODEL (Runge-Kutta)
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These parameters remain constant (what are these?)

SIR MODEL with vital dynamics
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Figure 7. The solution of the SIR model with vital dynamics. The parameter u is varied as 0.0, 0.02, 0.04,
0.06, and 0.08, and the data of ;. = 0.0 are shown by thick dashed curves.
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* Sometimes an exhaustive search of all of parameter space is
prohibitive, so we might use techniques for efficiently sampling from
that space...

* Models are often useful for bounding expectations, so we may want
to communicate our results in relation to parameters of interest

* Sensitivity to parameters is key to understanding the mechanistic
behavior of your model!
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