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Temporal Networks

Network dynamics (Ty) > Dynamical processes (Tp)
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Phase transition in epidemic model

Epidemics — Stochastic processes coupled to network 7
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Dynamical — Non-equilibrium system with two phases

phase transition for epidemic evolution
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Pastor-Satorras R. et al., Rev. Mod. Phys. (2015)
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Phase transition on networks

Static networks
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adjacency matrix

Degree distribution

Topology affects epidemic
spreading and threshold
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Adaptive temporal networks ODC
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Network dynamics affects dynamical processes 2(((: p, 15 N\
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Dynamical processes can affect network evolution Symptoms of the disease ~ WSIT72
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COVID-19 Pandemic

— Lockdowns and restrictions to mobhility

Stop network evolution and link formation

Jhon Hopkins Univ.

—_— CDC, Alissa Eckert, Sua
Contact Tracing dynamics Dan Higgins

Break chains of infection without stopping —— Manval and
Contact tracing network evolution Digifﬂl CT

Contacts exploration over interaction dynamics |Network Evolution

l Epidemic spreading | Coupled dynamics
Isolation of infected contacts affects / Contact tracing process

epidemic spreading

Effective control measures increase the threshold



Contact tracing protocols

Manual contact tracing
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- Delays in tracing and isolation
- Individual memory £

Digital contact tracing

What Apple and Google have proposed
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Effects of stochasticity
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Activity-Driven Network

Q » Activity-Driven with attractiveness
Q o a - activity of node — Poissonian dynamics
b - attractiveness of a node
p(a, b) joint distribution
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Epidemic model for COVID-19 Covid-19 parameters
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Contact Tracing (CT) (az,br) = (as, bs)
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Mean-field equations - Manual CT stwork evolufion

Activity-attractiveness based mean-field approach " Epidemic spreading
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Mean-field equations - Manual CT plas,bs) = ps(as)é(bs — as)

Realistic activity/attractiveness
positive correlation
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— Linear stability analysis of absorbing state /
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Epidemic thresholds

Manual CT
352(- E(I% £ag {I?é TA 2 — g NP aiﬁ; YA
8roo”(1—0)—= — —4r°6(1 —9) |ea% a% + —Fas =
as 1+ QTtsﬂ»Sj:'qS H [ 1+ 2réas “?_5‘_5’ M

+2raas (2 +1) (6+21-0))-a? 2 (2 11) =0
T T po\ m

f—gg VP — fas ] TP

Digital CT

ag +-—Jfas
= 1+ 2?‘5{15% H

+i2-rE—5 E+1 +£’(1—§) —@ﬂ—P E+1 =1
| Iz po o\ K

Exact analytical closed relations —— Hold for arbitrary ps, €(as). f(as)
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Effects of stochasticit plas,bs) = d(as — a)d(bs — b)

Homogeneous population
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Effec ps(as,bs) ~ ag"" " (bs — as)

ts of heterogeneity
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Effects of delays and limited scalability
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The intrinsic advantage of manual CT, amplified by heterogeneities, holds also
in the presence of limited scalability and delays



Hybrid CT

Hybrid CT protocols —— Nodes traced both digitally or manually

E’ — Role of Manual and Digital (T in realistic hybrid protocols
v e
"', & — Additional compartments and analogous (but

more complex) mean-field equations



Hybrid CT ps(as,bs) ~ ag""5(bs — as)
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—— Manual (T strongly increases the threshold for realistic app adoption levels

— Digital (T increases more slowly with adoption rate for realistic
Manual CT implementation
— Manual CT must play a prominent role in any CT strategy



Conclusions

* We model epidemic spreading on adaptive temporal networks with contact tracing (CT)
—— (Coupled dynamics
— Dynamical phase transition on temporal networks
* Manual CT is more effective than digital (T in increasing the epidemic threshold
—— Intrinsic difference due to contacts sampling (annealed vs. quenched)
— Heterogeneities amplify differences
* Manual (T must play a prominent role in any hybrid (T strategy to mitigate epidemic spreading

* Future perspective: optimize integration of protocols (policy for resources allocation), multiple steps CT

M. Mancastroppa, C. Castellano, A. Vezzani, R. Burioni, “Stochastic sampling effects favor manval over digital contact
tracing”’, Nature Communications 12,1919 (2021)

M. Mancastroppa, R. Burioni, V. Colizza, A. Vezzani, “Active and inactive quarantine in epidemic spreading on adaptive
activity-driven networks”, Physical Review £102, 020301(R) (2020)



