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Cost of Epidemics

Population Collapse in Mexico
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@ SIS Model for Epidemics
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@ Mean Field of SIS Model
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@  Classical Variants

SIS applies to sexually transmitted diseases
as well as most bacterial and parasitic infections.

* Include Immunization: SIR model

* include latent period (delay)

* include chronical infections

* include waning immunity: SIRS model
* include births and natural deaths

* include population structure

* include transmission through vector
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soft mobile agents in two dimensions

Lennard Jones interaction potential
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MC Gonzalez, PG Lind, HJH,Phys.Rev.Lett. 96, 088702 (2006)
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Epidemic Spreading with Mobile
% Agents
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Epidemic Spreading with Mobile
Agents
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@ SIS Model on a Lattice

— directed percolation
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@ Power-law distributed infection times
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MC Gonzalez and HJH, Physica A 340, 741 (2004)
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@ Epidemics with Global Budget

Budget-constrained Susceptible-Infected-Susceptible (bS1S) model
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L. Bottcher, O. Wooley-Meza, N.A.M. Araujo, H.J.H., D. Helbing
Scientific Reports 5, 16571 (2015)
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@ Epidemics with Global Budget

Time evolution In the epidemic regime:

T>7
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% Epidemics with Global Budget

Evolution of budget b(t): budget function
Ab(1 'd f(b) := O(b)
% :/3(?5) —cqf (b)%(<) [—
susceptible Infected | |
i(t) =1 —s(t)
Mean-field:
di(t)

- = kpi(t)s(t) — af (b)ilt)

Effective infection rate: 7 = kp/q
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10™ c-c* 10"
time for budget collapse

Mean-field: ¢ =(kp—q)~ & o (C _C*)—l
q=08: p=0.285
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&« Epidemics with Global Budget ﬁ

discontinuous transition (no hysteresis)
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&/ Epidemics with Global Budget ﬁ

Square lattice
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&y Epidemics with Global Budget ﬁ
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crs, SIR Model

with Iimmunity

R = recovered = resistant

1000 7 deaths per week

= = —kps(t) i(t)

2= qi() + kp s(t) i(t)

500 ¢

’ O 1.0 2lO
outbreak of the plague in Bombay
between 1905 and 1906

s(t) +1(t) +r(t) =1
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e S : susceptible individuals e R : resistent (immune) individuals

e U : undetected 1ll individuals e 1 : individuals who need treatment

e D : detected ill individuals e [ : for extincet individuals

M. Aucouturier and H.J.H, Int. J. Mod. Phys. C in press
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—{ 1] b = budget

B 2 :L\Jy
\Kp e f(b) 1s Heaviside function
c R g
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@ Modeling Covid-19

Parameter| Value Meaning
3 In(2) Infection rate
0 0.5 Testing rate
Y In(2)/7 Natural recovery rate
o 1/20 |Recovery rate of individuals in treatment
W 1/9 Death rate of individuals in treatment
C 0 Rate of the loss of immunity
p 0.2 |Fraction of individuals needing treatment
Pd 0.03 Proportion of inevitable deaths
Ci 60 Cost of treatment
CrL 0.5 Cost of a test
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without budget collapse |
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@ Modeling waning immunity
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@ Requiring a connecting path to the
supply center

Time evolution

t=t t=t >t,

L. Bottcher, O. Wooley-Meza, E. Goles, D. Helbing, H.J.H., Phys. Rev. E 93, 042315 (2016)
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@ Imposing the connecting path

to a supply center

128 x 128 square lattice; g =0.4
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Jump size distribution
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@ Transition time to fully infected state

square lattice; g = 0.4
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Order Parameter = i(t = 0)
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Hysteresis
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Apollonian network
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@  Targetted Recovery

Sites with least number of infected neighbors recover first.
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L. Bottcher, J.S. Andrade Jr., H.J.H., Sci. Rep. 7, 14356 (2017)
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& I\/Ietastablllty In Recovery
Model definition

(1) a node spontaneously fails in a time
Interval dt with probability pdt (internal
failure)

(11) 1If fewer than or equal to m nearest
neighbors of a certain node are active, this
node fails due to external causes with
probability rdt (external failure)

(111) spontaneous recovery with
probability gdt (internal recovery) or
probability g’dt (external recovery)

L. Bottcher, M. Lukowc J. Nagler S. Havlin and H.J.H., Sci. Rep. 7, 41729 (2017)
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Mean Field Calculation

i(t) = Ujpe(t) + Uee(t)

“int = b (1= (1)) - q Ujne (1)

du-ext _

=12 fkEx (1 —i(t)) - q’ Uext (1)

2( Jar-ia-ioy
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oy Phase Diagram .|
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@ Phase switching
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@ Hysteresis

SR TN T TR T
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oy Phase Diagram .|
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@ Going from a square lattice
to a random one
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@ Oscillatory behavior ﬁ
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1.0

@ Oscillatory behavior

mean field calculation for
p/q=19/81; q=0.01; r/q’ = 3125/1296; q’ = 1.0; m=1
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Oscillatory State
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@ Only three posible scenarios
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L. Bottcher, J. Nagler, H.J.H., Phys. Rev. Lett. 118, 088301 (2017)
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@ Different types of transitions
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Summary

Global budgets produce total infection (pandemics).

Requiring contact to a supply center produces
sudden infection jumps (first order transition) and
subsequent pandemics.

If also spontaneous infection occurs metastability Is
observed (m < k-1).

If recovery from spontaneous infection is slower
oscillations can be found (q” > q).

Targetted recovery confines outbreak on lattice
with local connections.
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Thank you
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