






1. TB infection; 
2. Blood borne pathogen infection; 
3. Spontaneous tumor rejection; 
4. Influence of Treg on tumor rejection. 

The first two case studies represent confirmatory simulations for comparison with the original 
MK and BL model results. 

TB infection 

To simulate a pure TB infection, 100,000 extracellular bacteria were introduced into the lung 
(target organ) and flux v87 was deactivated. Flux v87 represents the permeation of 
extracellular bacteria between the target organ and the blood (Figure 1A). Flux v87 was thus 
deactivated to prevent the bacteria from migrating away from the lung. The TB infection is 
known to stay local in the lung and not permeate into the blood. FIRM was then simulated 
with its nominal parameters. 

As shown by the MK model, a TB infection is thought to be dealt with exclusively by the 
cellular response with no response from the humoral system. A chronic infection is 
simulated. The T-cell response that is solicited by the immune system is enough to prevent 
runaway growth by the bacterial population in the lung. Even though the cellular response 
prevents runaway growth, the levels of infected macrophages are rather large and stay 
constant. The results can be seen in Figure 7. As one would expect, the simulation results 
closely resemble the MK model, which was specifically developed to represent TB [10]. This 
simulation illustrates that the integrated FIRM can still recapitulate the trends initially found 
with the MK model. 

Figure 7 TB infection simulation. A simulation of an intracellular bacterial infection with 
an initial condition of 100,000 bacteria in the target organ. See text for details. 

Blood borne pathogen 

In this simulation, a blood borne pathogen originates in the blood and remains confined 
within the circulation. For simplicity, the increase in antigen load prior to the induction of an 
immune response is represented as a spike (pulse) increase. An example of this situation 
would be a viral infection. The pathogen does not permeate into the tissue to infect, for 
example, resident macrophages. To simulate a blood borne pathogen in FIRM, fluxes v87 and 
v88 were deactivated. These two fluxes model the access of antigen between the target organ 
and the blood. This simulation used nominal parameter values and an initial condition of 
100,000 antigen molecules in the blood. The results of the simulation can be seen in Figure 8. 

Figure 8 Blood borne pathogen simulation. A simulation using nominal parameter values 
and an initial condition of 100,000 antigen molecules limited to the bloodstream. This 
simulation is different from that in Figure 5, where the antigen appeared in the target organ. 
See text for details. 

The humoral (B-cell) response was used by FIRM to eliminate the infection. In fact, in the 
case study, as expected, the cellular response is virtually non-existent. The antigens never 
come in contact with the dendritic cells in the tissue. Therefore, there is little antigen 
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