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Brief description

This function solves a set of delay differential equations (DDEs) that represent a target cell limited model. It takes as input the DDE model parameters and an input file containing experimental data. It plots the numerically integrated solution of the DDE and the sum of squared residuals between experimental data and model solution. It then takes upper bounds and lower bounds on some model parameters and calculates (using a local search procedure) the optimal best-fit parameters that explain the data.
Model without an adaptive antibody response (target cell limited model)
This mathematical model is used to simulate pathogen replication with innate but not adaptive immune response. In this model, the virus is controlled by the depletion of target cells that can be infected by the disease; therefore it is called a target cell limited (TCL) model. The model is advantageous since it has fewer parameters than the model with an adaptive immune response. This is similar to a susceptible-infected-recovered (SIR) model used to simulate epidemics (Kermack and McKendrick, 1927) but adapted for within-host modelling. Such models have been used previously to characterize HIV replication (Ho et al 1995, Perelson et al 1993, 1996). The model is described by the following equations:
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Here T is the number of uninfected target cells that can become infected. Infected cells are separated into two populations: a population of cells that are infected but are not producing virus (I1) and a population of cells that are infected and producing virus (I2).  This is similar to that in a model proposed earlier for influenza infection (Baccam et al, 2006) and increases the realism of the model, since delays in the production of virus after the time of initial infection are part of the viral life cycle (the eclipse phase). V is the viral titer in serum. The initial viral titer and the initial number of target cells are denoted V0 and T0, respectively. The initial number of infected cells (I1, I2) is assumed to be zero.
Target cells become infected by virus at rate (TV, where ( is the rate constant characterizing infection. ( is the average transition time from I1 to I2 (eclipse phase). Productively infected cells (I2) release virus at an average rate p per cell and die at rate ( per cell, where 1/( is the average life span of a productively infected cell. Free virus is cleared at rate ( per virion per day (gamma represents the action of the innate immune system) and taken inside infected cells at rate (TV.
Data file format

The data file is tab delimited. The first row is ignored and has two fields- time and concentration. There are as many rows as experimental data points. The first column is the time post infection at which virus measurement is taken (in days) and the second column is virus concentration measurement (in log10PFU/mL). An example file (named ‘knockout_RNA_div_500.tex’) is attached. The format is shown below-

Time

Concentration

2.0000

0.60812

4.0000

2.78134

6.0000

3.30103

8.0

-0.9273

10.0

-0.80921

Please cite this paper (Banerjee et al 2011) if you use this source code in your research.
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