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Generalization to two-host systems

 























































UWT

R
RT

TWT

UWT

UWT

R

TWT

R
R

eT
R

RLq

R

R

R

R

R

RL
q

,

0

0

,

0

,

0

,

0

0

2

,

0

0

1
21

tanh

1

1

arctan

12

11

s
s

RR

RVRH
e

g

sgs
s

11

22

+

+


RR

R
g 11

1

+




Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Treated with 

drug A

Treated with 

drug B

0R

Spatial mosaic with two drugs



Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Treated with 

drug A

Treated with 

drug B

0R

sA sA

Spatial mosaic with two drugs



Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Treated with 

drug A

Treated with 

drug B

0R

sA sA
sBsB

Spatial mosaic with two drugs



Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Treated with 

drug A

Treated with 

drug B

0R

sA sA
sBsB

Spatial mosaic with two drugs



Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Treated with 

drug A

Treated with 

drug B

0R

sA sA
sBsB sABsAB

Spatial mosaic with two drugs



Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

0R

Spatial mosaic with two drugs

sA sA
sBsB sABsAB

Treated with 

drug A

Treated with 

drug B



Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Spatial mosaic with two drugs
0R0R



0 0.2 0.4 0.6 0.8 1

Proportion of area treated 

with drug B

Migration

+

-

Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Spatial mosaic with two drugs
0R0R

A

AB

B

A+B

A+AB B+AB



0 0.2 0.4 0.6 0.8 1

Proportion of area treated 

with drug B

Migration

+

-

Evolutionary epidemiology in space

Epidemiology Evolution: one drug Evolution: two drugs Conclusions

Spatial mosaic with two drugs
0R0R

A

AB

B

A+B

0 0.2 0.4 0.6 0.8 1

Proportion of area treated 

with drug B

Migration

+

-

A B

A+B

A+AB B+AB



Conclusions:

take home messages

Epidemiology Evolution: one drug Evolution: two drugs Conclusions



Conclusions:

take home messages

 There is a critical area size preventing the spread of resistance
Spatial heterogenity + migration = migration load

 The ultimate evolutionary outcome does not depend only on R0s
Life history and generation time matter as well

 Spatial evolutionary epidemiology
An attempt to bridge the gap between population genetics & epidemiology

Epidemiology Evolution: one drug Evolution: two drugs Conclusions



Conclusions:

take home messages

 There is a critical area size preventing the spread of resistance
Spatial heterogenity + migration = migration load

 The ultimate evolutionary outcome does not depend only on R0s
Life history and generation time matter as well

 Spatial evolutionary epidemiology
An attempt to bridge the gap between population genetics & epidemiology

Epidemiology Evolution: one drug Evolution: two drugs Conclusions



Conclusions:

take home messages

 There is a critical area size preventing the spread of resistance
Spatial heterogenity + migration = migration load

 The ultimate evolutionary outcome does not depend only on R0s
Life history and generation time matter as well

 Spatial evolutionary epidemiology
An attempt to bridge the gap between population genetics & epidemiology

Epidemiology Evolution: one drug Evolution: two drugs Conclusions



Epidemiology Evolution: one drug Evolution: two drugs Conclusions

REsistance against Xenobiotics consortium (REX) 2007, PLoS One.



Epidemiology Evolution: one drug Evolution: two drugs Conclusions

REsistance against Xenobiotics consortium (REX) 2007, PLoS One.

Biomedical

Epidemiology

Agronomy and 

biological control

Population genetics



Homogeneous versus heterogeneous treatment





Evolutionary epidemiology
Transient dynamics

Before After starting using the drug

I

I0

I2

I1

Evolution:

R0>R0r0>r0

gad

b

++
 0

0

S
R

I0

Untreated Treated

I0

I2
I1 I2

I1

Epidemiology:

gadb  00 Sr

Gandon & Day 2007

Time (years)


