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Mathematical modeling of viral kinetics can be 
used to gain further insight into the viral 
replication cycle and virus-host interactions. 
However, many of the virus dynamics models 
do not incorporate the cell-to-cell heterogeneity 
of virus yield or the time-dependent factor of 
virus replication. A recent study of vesicular 
stomatitis virus (VSV) kinetics in single BHK 
cells determined that both virus production rate 
and yield of virus particles varies widely 
between individual cells of the same cell 
population. Here we use the results of the 
previously mentioned study to determine the 
distribution that best describes the time course 
of viral production within the single cells. We 
determined a list of eight potential distributions 
that are commonly used in viral kinetics 
models to fit to each data set by minimizing the 
sum of squared residuals. The model of best fit 
for each individual cell was determined using 
Akaike’s Information Criterion (AICC ). 
Results of this study show that the distribution 
that best describes viral production varies from 
cell to cell. This finding could have further 
reaching implications for incorporating time-
dependent viral production into a standard 
model of virus kinetics in order to better 
reproduce the diversity of viral replication that 
occurs over time within a population of cells.

ABSTRACT BEST FIT CURVES
• The eight candidate distributions (Table 1) 

were fit to data from a previous study on 
VSV production (Timm and Yin, 2012) 
(Figure 1) by minimizing the sum of squared 
residuals (SSR). 

• The best fit distribution was chosen based on 
Akaike's information criterion (AICc).

• The model with the lowest AICC was 
considered to be the better model given the 
experimental data it is approximating.

METHODS

Six of the eight models provided a relatively 
good fit for the twelve sets of virus production 
data as seen in the best fit graphs (Figure 2). 
Two of the models, exponential and log-
normal, did not provide a good fit for any of 
the data sets. The normal distribution provided 
the best fit according to the AICC scores for 
seven of the data sets. For the remaining data 
sets, the Weibull distribution was a best fit for 
three cells and the logistic and Poisson 
distributions were best fit for one cell each. 
The AICC scores for each candidate 
distribution are reported below (Table 2).

RESULTS

AICC SCORES

CONCLUSIONS
It is clear from previous studies that virus 
production varies over time from cell to cell. 
Our results show that the variable viral 
production rates in this study are best fit 
different distributions. Overall, it is noted that 
the normal distribution provides the best fit for 
most of the one-step virus production curves. 
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FUTURE DIRECTIONS

Figure 1. Production rate profiles for 12 cells  
drawn from the same initial population of infected 
cells.

Table 1. List of candidate  
distributions.

Figure 2. One-step production of virus from 
single cells with best fit curves of the possible  
models.

* Denotes the distribution that has the lowest 
AICC score for  each  cell.
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Table 2. AICC scores for each candidate distribution.  
Bolded scores denote the distribution of best fit.

• The results of this study will be 
incorporated with time-dependent 
production into a standard viral kinetics 
model.

• We will simulate this model and compare 
the results to simulations of the model 
with constant production.


