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Fig. 1. Within-host competition between pathogen and commensals. (a) Schematic
of the within host model described in equation 1. Triangular arrowheads indicate
growth of each population, while circular arrowheads indicate suppressive effects. (b)
[llustration of within host dynamics. Stable equilibria are illustrated by solid points, with
the threshold pathogen frequency (unstable equilibrium) is illustrated by the open
circle. (c) Behaviour of pathogen frequency threshold. The frequency threshold is
plotted as a function of the suppressive effect of the commensal, a, the sensitivity of the
commensal to the virulence factor, b, and pathogen investment in virulence factor

production, v. Parameters values are ¢ = 0.02.

18



384

385

386

387

388

389

390

391

392

bioRxiv preprint doi: https://doi.org/10.1101/027854; this version posted September 30, 2015. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

a _ b
Birth 2 o
> § < © 9
@

c % 16 g 8
k<) S 5
) 0>> 12 -8 6
(2] ) 5
= B Clearance 3 S

5 +v E 0 8 s
@ y + TP*(v) S TH
c g 4 > 2
© %) :
(o 0 T T T 1 0

I 0 20 40 60 80
Death Treatment rate
(o d

20 1.0 20 2.70
© 0.9 © 243
L2 16 08 L 16 216
o 8 07 - o > 1.89
o 12 S 06— Q 12 5 162
D < 05 - ‘D £ 135
2 g 3 04 - 3 s Q 1.08

— — _ — E
o o 0.3 o 0.81
% 4 0.2 — % 4 0.54
D 0.1 ] D 0.27
0.0 0.00

0 T T T \ 0
0 20 40 60 80 0 20 40 60 80
Treatment rate Treatment rate

Fig. 2. Evolutionary and epidemiological consequences of manipulating the
microbiome. (a) Schematic of the epidemiological model described in equation 2. (b-d)
Plotted are the predicted VF production, v* (b), pathogen prevalence, Q* (c), and the
total disease induced mortality at evolutionary equilibrium, (v* + §)Q* (d), as a function
of the suppressive effect of the commensal, a, and the treatment rate, 7. The grey area
indicates where the pathogen is eradicated despite its evolution. Parameter values for

(b-d)areb=1,c=0.058=3,N=10,y=0.56=0.5.
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393

394  Fig. 3. Evolutionary rescue of pathogens via evolution of increased virulence. (a)
395  Plotted are 100 sample trajectories of our stochastic simulation of our model. The grey
396 dotindicates the starting point of the simulation and the yellow dot indicates the

397  equilibrium predicted by our analytical model. Blue and red lines and points indicate the
398 evolutionary trajectories and finishing points of replicate simulations, blue where the
399  pathogen persisted and red where the pathogen was eradicated. The grey dashed line
400 indicates the minimum level of VF production where the pathogen persists in a

401 deterministic system. See Movie S1 for a video of the dynamics. (b) Plotted is the

402  probability that the pathogen is eradicated as a function of the treatment rate and rate of
403  supply of mutations affecting VF production. Each point comes from 100 independent
404  stochastic simulations. Parameter values are N= 1000, =0.03,a=5,b=1,y=0.5,6=
405 0.5,0, = 1for (a-b),and u =1, 7= 32 for (a).
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Fig. 4. Combining microbiome manipulation and damage limitation. (a-c) Plotted
are the predicted VF production, v* (a), pathogen prevalence, Q* (b), and the total
disease induced mortality at evolutionary equilibrium, (v*/(1 + x) + §)Q*, as a function
of the efficacy of damage limitation, x, and treatment rate, 7. The grey area indicates
where the pathogen is eradicated despite its evolution. Parameter values for (a-c) are a

=2,b=1,c=0.058=3 N=10,y=0.5,5=0.5.
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