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complication in 19–20% of patients ( Johnson, 2009 ). These effects

have been associated



T. Joshi et al. / Journal of Theoretical Biology 442 (2018) 139–148 141 

Table 1 

Equilibria of the migration model (6) –(7) and their stability. All solutions are finite as long as df � = 1, which we assume here. The stability 

criteria are identified in Appendix D . Entries with a dash (-) are omitted here due to
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Fig. 2. Bacterial populations over time with two different initial conditions with parameters as given in Table 2 . Panel (a) uses initial conditions of C(0) = 3 · 10 3 (representing 

an initial population of 3 · 10 14 cells), G (0) = 5 · 10 3 and depicts the extinction of C. difficile in the colon. Panel (b) uses initial conditions of C(0) = 3 . 5 · 10 3 , G (0) = 5 · 10 3 

and depicts the near extinction of good bacteria in the colon, in which a slightly positive population is maintained by migration from the appendix. 

Table 2 

Table summarizing the parameters that appear in models (6) –(7), (8) –(12) and their values used throughout the numerical simulation. The elements in the Value column 

show the specific values used in simulation (in parentheses) as well as the ranges over which we varied those values in sensitivity analyses. For our parameterization, C 

and G have units of 10 11 bacteria, T and B have units of fmol (10 8 molecules) and I is unitless. Note that several parameter values are based on reasonable estimates and 

so these values vary widely in the sensitivity analysis to account for this uncertainty (See Appendix C ). 

Param. Description Value Units Ref 

x Maximum growth rate of appendiceal bacteria 0 . 2 − 0 . 3 (0.3) per capita day 
−1 

Park et al. (2016) 

y Maximum growth rate of colonic bacteria 0 . 2 − 0 . 3 (0.2) per capita day 
−1 

Park et al. (2016) 

z Maximum growth rate of C. difficile 0 . 1 − 0 . 9 (0.75) per capita day 
−1 

Estimate 

m Migration rate of bacteria from appendix to colon 0 − 0 . 3 (0.2) per capita day 
−1 

Estimate 

k Appendix carrying capacity 1 − 10 (5) 10 11 bacteria Estimate 

l Colon carrying capacity 10 3 − 10 4 (5 · 10 3 )c a p a c i t y
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Fig. 3. Commensal bacterial equilibria as migration rate m varies across all allowable values (0 
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Fig. 6. A bifurcation diagram of the equilibria of G as a function of (a) migration rate m and (b) appendiceal antibody production rate w . Stable equilibria are denoted with 

solid lines and the unstable equilibrium with a dashed line. The equilibrium population axis has a logarithmic scale. Parameters used are given in Table 2 . 

Fig. 7.

bifurcationd i a g ra m of the equilibriaof G  a s  a function of 
p o p u l a t i o n  . . .     
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Fig. 8. A plot of the maximum value distance (MVD) between empirical cumula- 

tive distribution functions 
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anti-inflammatory 
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