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Because a virus doesn't care about state lines or national borders, gt
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MALARIA 1600 - Today

Common Symptoms

Chiis, Headache, Fever, Jaundice, Muscle Pain,
Nausea, Vomiting, Seczures

Death Toll

According to the World Mealth Organization's 2010
*World Malana Report,” an estimated 781,000
peopla are killed by the virus avery year
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deaths worldwide every year

YELLOW FEVER 16th Century - Today

Common Symptoms
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Seizures, Jaundice
Legend says the Black Death plague inspired the chidren’s rhyme
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Death Toll

Worlawide, 30.000 deaths are caused by the
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Coinfection

e Spanish flu & Pneumonia(1918-1919 )
 HIV & hepatitis B and C, TB, malaria

Estimated HIV prevalence in new TB cases, 2012
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INTERACTING SPREADING DYNAMICS
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ON ERDOS-RENYI NETWORKS
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MICROSCOPIC MECHANISM
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COOPERATIVE SIRS
ON TEMPORAL-SPATIAL
NETWORKS
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HOSPITAL NETWORKS

a=p}

0.9
0.8
0.7
. 0.6
Q0.5
04
0.3
0.2

0.1 . .
0.0 002 003 004 005 006

0.9
0.8
0.7
. 0.6
a 0.5
04
0.3
0.2

uncorrelated temporal net.

0.01 002 0.03 004 005 006

Frontiers in Physics, V5, P46 (2017)

0.07

0.07

0

0

0.7
0.6
-
Q0.5
0.4
0.3
0.2
0.1

uncorrelated temporal net.

001 0.02

q

0.03

0.03

=1l

0.04
P

0.04
P

0.05

0.05

0.06

0.06

0.07

0.07

0

15



ORIGINAL RESEAF i

16



-
-
-
-
-
-,
’
.
.
’
; -
’
.

Cooperation
can lead to

» Abrupt outbreaks (first order phase transition)
» Decreasing of the epidemic threshold

» Topological features of the networks play role



BUT,

IS cooperation a good evolutionary strategy?
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Two different strategies (strains):
* Cooperation (C)
» Defection (D)



SPREADING DYNAMICS
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BREAKING SYMMETRY
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EVOLUTIONARY DYNAMICS

accumulation of payoff
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PAYOFFS
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UPDATE OF STRATEGY
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WHO WINS?
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Evolutionary
Cooperation

» Defectors are more at beginning of 1st season:
Cooperators can take over in a small regime «

& pathogens could affect more people by
evolution.

But for larger a, evolutionary dynamics
suppresses the dynamics abruptly

& cooperators can NOT take over any more

31
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What about SIS Dynamics?
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SINGLE DISEASE: SIS
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Continuous Transition
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COOPERATIVE SISs (MF)

' 1

3 1
- 8} ' bistable |
- \ !
O \
=)
(O] 6 . !

Ay 1 .

2 wp . : endemic
3 4 |
>
o
o

ol contagion free T

0.5 1

New J. Phys. 19 103041 (2017)




COOPERATIVE SISS
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SIS-SIS: HYSTERESIS
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MICROSCOPIC MECHANISM
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MICROSCOPIC MECHANISM
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Cooperation
can lead to

» Hysteresis outbreaks (first order phase
transition)

» Topological features of the networks play role

41



COOPERATIVE
VS
COMPETITIVE
SISS



(2018)
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Cooperation vs.
Competition

« Best strategy? difficult in bistable regions
« Several strategies for strain B, to dominate over
 Where (small initial densities): increasing
cooperativity is NOT always wise while increasing
Infectivity is always good
o |f , then B, may win while not being
cooperative at all, provided transmissibility is large
enough. 45
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