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What do we know about epidemics ?

Epidemics are known to reduce the host population size.

But what if the host is evolving /developing defense mechanisms ?
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What do we know about epidemics ?

The basic reproduction number R0

R0 is the number of secondary infections of
one infected host in a susceptible population.
If R0 > 1, the pathogen can invade and
eventually become endemic in the host
population.

Epidemics propagate R0

R0Host recovery

Pathogen virulence

Pathogen transmission

But what if the host is 
evolving /enhancing 
immunity?

Host fecundity

Linked to Host
immunity
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Fecundity - Immunity Trade-off

Empirical Evidences
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𝐻𝑜𝑠𝑡 − 𝑃𝑎𝑡ℎ𝑜𝑔𝑒𝑛 𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐻𝑜𝑠𝑡 − 𝑃𝑎𝑡ℎ𝑜𝑡ℎ𝑒𝑛 𝐶𝑜 − 𝐸𝑥𝑖𝑠𝑡𝑒𝑛𝑐𝑒

Fecundity - Immunity Trade-off

Theoretical Works
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What are the consequences of a fecundity-immunity 
trade-off on emerging properties in the system and 
on host eco-evolutionary dynamics?

Disease propagation R0

Emerging properties

Total host population density
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S
Susceptible

I
Infected

βSI

𝑚𝑆 𝑚𝐼 𝛾𝐼

δI
R

Recovered

θR

𝑚𝑅

N 𝒇 − α𝑁

The epidemic model

𝑑𝑆

𝑑𝑡
= N 𝒇 − α𝑁 − βSI − 𝑚𝑆 + θR

𝑑𝐼

𝑑𝑡
= βSI − (𝛾+ δ + 𝑚)I

𝑑R

𝑑𝑡
= δI − (θ + 𝑚)R

𝑁 = 𝑆+ 𝐼+ 𝑅

𝒇 ∶ 𝑭𝒆𝒄𝒐𝒏𝒅𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒑𝒆𝒄𝒊𝒆𝒔.

α ∶ 𝐼𝑛𝑡𝑒𝑟 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛
𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠.

β : Pathogen transmission

𝑚 ∶ 𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒.

𝛾: 𝑉𝑖𝑟𝑢𝑙𝑒𝑛𝑐𝑒 (𝑃𝑎𝑡ℎ𝑜𝑔𝑒𝑛 − 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑑𝑒𝑎𝑡ℎ 𝑟𝑎𝑡𝑒).

δ ∶ 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑟𝑎𝑡𝑒.

θ ∶ 𝑅𝑎𝑡𝑒 𝑜𝑓 𝑖𝑚𝑚𝑢𝑛𝑖𝑡𝑦 𝑙𝑜𝑠𝑠
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𝑥𝛽

Trade-off  area

𝑥𝑓
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Fecundity - Immunity Trade-off

𝑥δ

Trade-off  area

𝑥𝑓

𝑥γ

Trade-off  area

𝑥𝑓

w

I

S

w

I

S
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S
Susceptible

I
Infected

βSI

𝑚𝑆 𝑚𝐼 𝛾𝐼

δI
R

Recovered

θR

𝑚𝑅

N 𝒇 − α𝑁

The epidemic model

𝑑𝑆

𝑑𝑡
= N 𝒇 − α𝑁 − βSI − 𝑚𝑆 + θR

𝑑𝐼

𝑑𝑡
= βSI − (𝛾+ δ + 𝑚)I

𝑑R

𝑑𝑡
= δI − (θ + 𝑚)R

𝑁 = 𝑆+ 𝐼+ 𝑅

𝑅0 =
β

𝛾+δ+𝑚
∗

𝒇 − 𝑚

α

𝒇 ∶ 𝑭𝒆𝒄𝒐𝒏𝒅𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒑𝒆𝒄𝒊𝒆𝒔.

α ∶ 𝐼𝑛𝑡𝑒𝑟 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛
𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠.

β : Pathogen transmission

𝑚 ∶ 𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒.

𝛾: 𝑉𝑖𝑟𝑢𝑙𝑒𝑛𝑐𝑒 (𝑃𝑎𝑡ℎ𝑜𝑔𝑒𝑛 − 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑑𝑒𝑎𝑡ℎ 𝑟𝑎𝑡𝑒).

δ ∶ 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑟𝑎𝑡𝑒.

θ ∶ 𝑅𝑎𝑡𝑒 𝑜𝑓 𝑖𝑚𝑚𝑢𝑛𝑖𝑡𝑦 𝑙𝑜𝑠𝑠
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𝝎 𝒙𝒎, 𝒙

𝑬𝒄𝒐𝒍𝒐𝒈𝒊𝒄𝒂𝒍 𝒅𝒚𝒏𝒂𝒎𝒊𝒄𝒔 – SIR model

𝑰𝒏𝒗𝒂𝒔𝒊𝒐𝒏 𝒇𝒊𝒕𝒏𝒆𝒔𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒓𝒂𝒓𝒆 𝒎𝒖𝒕𝒂𝒏𝒕 𝒉𝒐𝒔𝒕
𝒙𝒎 𝒊𝒏 𝒂 𝒓𝒆𝒔𝒊𝒅𝒆𝒏𝒕 𝒑𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒂𝒕

𝑬𝒄𝒐𝒍𝒐𝒈𝒊𝒄𝒂𝒍 𝑬𝒒𝒖𝒊𝒍𝒊𝒃𝒓𝒊𝒖𝒎 𝒙

𝑑𝑆

𝑑𝑡
= N 𝒇(𝑥) − α𝑁 − 𝑚𝑆 − β(𝑥)SI + θR

𝑑𝐼

𝑑𝑡
= β(𝑥)SI − (𝛾(𝑥) + δ(𝑥) + 𝑚)I

𝑑R

𝑑𝑡
= δ(𝑥)I − (θ + 𝑚)R

Eco − evolutionary dynamics

𝑑𝑥

𝑑𝑡
=

1

2
𝜇 𝜎2 𝑁∗(𝑥)

𝜕𝜔 𝑥𝑚, 𝑥

𝜕𝑥𝑚

𝑬𝒗𝒐𝒍𝒖𝒕𝒊𝒐𝒏𝒂𝒓𝒚 𝒅𝒚𝒏𝒂𝒎𝒊𝒄𝒔

𝑥𝑚 𝑥

Ecology Evolution

Adaptive Dynamics

𝑬𝒄𝒐 − 𝑬𝒗𝒐
𝑫𝒚𝒏𝒂𝒎𝒊𝒄𝒔

1 − 𝐿𝑎𝑟𝑔𝑒 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒

2 − 𝐶𝑙𝑜𝑛𝑎𝑙 𝑟𝑒𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

3 − 𝑅𝑎𝑟𝑒𝑛𝑒𝑠𝑠, 𝑟𝑎𝑛𝑑𝑜𝑚𝑛𝑒𝑠𝑠, 𝑠𝑚𝑜𝑜𝑡ℎ𝑛𝑒𝑠𝑠
𝑎𝑛𝑑 𝑠𝑚𝑎𝑙𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑢𝑡𝑎𝑡𝑖𝑜𝑛𝑠
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Fecundity - Transmission Trade-off

-Evolution maximizes fecundity.

-Pathogen will go extinct.
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Fecundity - Transmission Trade-off

-2 alternative strategies (1 CSS and 
1 branching) 
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Fecundity - Transmission Trade-off

-Evolution maximizes fecundity.

-Disease propagation is the highest.
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Fecundity - Transmission Trade-off (E3)

w I S

CSS

Branching

Repellor

Maximum of 𝑅0 

𝑅0 > 1 𝑅0 < 1 

Weak trade-off

-Evolution maximizes fecundity.
-Pathogen goes extinct.

Intermediate trade-off

-2 alternative strategies

Strong trade-off

-Evolution maximizes fecundity.
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Fecundity - Recovery Trade-off

CSS

Branching

Repellor

Maximum of 𝑅0 

Weak trade-off

-Evolution maximizes fecundity.
-Pathogen goes extinct.

Intermediate trade-off

-2 alternative strategies

Strong trade-off

-Evolution maximizes fecundity.

w I S
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Fecundity - Virulence Trade-off

w

I
S

CSS

Repellor

Maximum of 𝑅0 

Weak trade-off

-Evolution maximizes fecundity.

Intermediate trade-off

-2 alternative strategies (2 CSS)

Strong trade-off

-Evolution maximizes fecundity.
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Fecundity - Transmission 
Trade-off  

Fecundity - Recovery 
Trade-off

Fecundity - Virulence  
Trade-off

S I
βSI

𝑚𝑆 𝑚𝐼 𝛾𝐼

δI
R

θR

𝑚𝑅

N 𝑓 − α𝑁

Discussion

Resistance 
mechanisms

Same 
evolutionary 
outcomes

Tolerance mechanism
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Follow up questions

What are the conditions of diversification ?

Is diversity maintained in the system?

Is subsequent diversification events possible? 
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Thank you for your attention!

Rudolf P. Rohr

Nicolas Loeuille

Linh Phuong Nguyen

Vasco Lepori
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