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• Spanish flu & Pneumonia(1918–1919 )

• HIV & hepatitis B and C , TB, malaria

Coinfection
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No-epidemic Epidemic
Continuous Transition 

SINGLE DISEASE: SIR

S I R
α

αc=1
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INTERACTING SPREADING DYNAMICS
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EPL 104, 50001 (2013)

MF NUMERICAL RESULTS

http://dx.doi.org/10.1209/0295-5075/104/50001


COOPERATIVE SIRS

ON

NETWORKS
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Nature Physics 11, 936–940 (2015)

ON ERDÖS-RENYI NETWORKS
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Nature Physics 11, 936–940 (2015)

ON LATTICES

10



Nature Physics 11, 936–940 (2015)

MICROSCOPIC MECHANISM
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COOPERATIVE SIRS

ON TEMPORAL-SPATIAL

NETWORKS
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RANDOM GEOMETRIC GRAPHS

Manuscript in preparation (2018)

Low Velocity

High Velocity

1-S
Pab
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HOSPITAL NETWORKS

Frontiers in Physics, V5, P46 (2017)

q = p q = 1 

uncorrelated temporal net. uncorrelated temporal net.
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Cooperation
can lead to
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• Abrupt outbreaks (first order phase transition)

• Decreasing of the epidemic threshold

• Topological features of the networks play role



BUT,
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is cooperation a good evolutionary strategy? 



INTERACTING

SPREADING

DYNAMICS
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Two different pathogens 

• A

• B

Two different strategies (strains):

• Cooperation (C)

• Defection (D)
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SPREADING DYNAMICS
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MF NUMERICAL RESULTS

A ↔ B, C  ↔ D,  𝛽𝐶= c 𝛼, 𝛽𝐷= 
1

𝛽
𝐶

, 𝛽𝐶𝐷= 
𝑐

2𝛼
, 𝛽𝐷𝐶= 

1

𝛽
𝐶𝐷
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BREAKING SYMMETRY

ΔCD (t=0) = XC - XD > 0

ΔCD (t=0) = XC - XD < 0
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BREAKING SYMMETRY
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BREAKING SYMMETRY
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EVOLUTIONARY DYNAMICS
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PAYOFFS

Hawk and Dove game 
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UPDATE OF STRATEGY

𝜌𝑦
𝑗+1

= 𝜌𝑦
𝑗
1 + 𝛱𝑦

𝑗
−Ф

𝑗

J: season

y: AC, AD, BC, BD

𝛱: payoff

Ф: < 𝛱 >
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WHO WINS?
Cooperators

Defectors

α=0.8, C=2



WHO WINS?

Cooperators

Defectors 29

α=0.8, C=2

α=0.8, C=30 α=1.5, C=30



HOW MANY AFFECTED?
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Evolutionary
Cooperation
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• Defectors are more at beginning of 1st season: 

• Cooperators can take over in a small regime 𝛼

• & pathogens could affect more people by 

evolution.

• But for larger 𝛼,  evolutionary dynamics 

suppresses the dynamics abruptly 

• & cooperators can NOT take over any more



BUT,
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What about SIS Dynamics?
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No-epidemic Epidemic
Continuous Transition 

SINGLE DISEASE: SIS

S I
α

αc=1
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INTERACTING SPREADING DYNAMICS
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COOPERATIVE SISS (MF)

New J. Phys. 19 103041 (2017)



COOPERATIVE SISS

ON

NETWORKS
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arxiv1603.09082v1(2016)

SIS-SIS: HYSTERESIS
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arxiv1603.09082v1(2016)

MICROSCOPIC MECHANISM
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arxiv1603.09082v1(2016)

MICROSCOPIC MECHANISM
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Cooperation
can lead to
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• Hysteresis outbreaks (first order phase 

transition)

• Topological features of the networks play role



COOPERATIVE

VS

COMPETITIVE

SISS
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43Manuscript in preparation (2018)



α < 1 α > 1
β

1
< 

1
β

1
> 

1
B2 increasing Cooperation

B1 & B2 fully symmetric 

β2 > 1 β2 > 1
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Cooperation vs. 
Competition
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• Best strategy? difficult in bistable regions

• Several strategies for strain B2 to dominate over B1: 

• Where β1 > 1 (small initial densities): increasing 

cooperativity is NOT always wise while increasing 

infectivity is always good

• If only β1 > 1, then B2 may win while not being 

cooperative at all, provided transmissibility is large 

enough.
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Coming Events
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Thank you!


