Modelovani epidemii

Radek Pelanek
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Motivace

Epidemie jsou zabijak

Cerny mor @ 14. stoleti
e zemtelo 30 % az 60 % populace
Spanélska chfipka e 1918-1920
@ zemfvelo asi 50 milién( lidi
@ (prvni sv&tova valka — 15 miliéni

mrtvych)
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Motivace

Epidemie ovliviiuji déjiny a ekonomiku

@ Zerny mor = socialni nepokoje
@ zamorska expanze Evropy
e a7 95 % domorodych obyvatel vym¥elo na evropské
nemoci, nikoliv na evropské zbrané

o Evropané vétSinou neonemocnéli (pro¢?)
e Covid
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Motivace

Epidemie lze interpretovat mnoha zpiisoby

nemoci

pocitalové viry

Sifeni (dez)informaci

nazory, postoje

madni trendy, technologické novinky

»virdlni marketing”
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Motivace

Epidemie: spole¢né vlastnosti, rozdily

Co maji spole¢né? V &em se lisi?

nemoci: Covid, AIDS, malarie
pocitaovy virus
$iteni hoaxu

Sireni nové mddni znacky

nazory na kandidaty na prezidenta
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Motivace

Epidemie |ze dobfe modelovat

relativné snadnd abstrakce
@ spole¢né prvky riznych epidemii

@ stadi zakladni parametry: infekénost, inkubaéni doba,
Umrtnost

@ nepotfebujeme znat detaily prib&hu nemoci
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Motivace

Zajimavost: Corrupted Blood incident

(ze Etendiskych deniki z predchozich let)

@ hra World of Warcraft

@ Corrupted Blood: programatorska chyba =- epidemie ve
h¥e

@ Great Zombie Plague of '08 (timyslna epidemie)

@ soucasn& model a redlné chovéni lidi (opusténi mé&st a
podobng)
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Motivace

Shnuti motivace

@ Siroké aplikace

@ vyznamné téma, finanni podpora (nap¥. Covid, AIDS,
bio-terorismus)

@ relativné snadné modelovani

@ ilustrace riiznych pfistupi k modelovani
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Motivace

Epidemie: otazky

@ Pro¢ maji epidemie riiznou dynamiku (stabilni stav, mirné
oscilace, nepravidelné velké epidemie)?

e Jak ovliviiuje struktura kontaktd dynamiku epidemie?

@ Jakd jsou vhodna preventivni opatfeni? Kdy a jak zavadét
karanténu?

e Jak cilit imunizaci?



Zaklady
®0

Zakladni typy modeli

Zakladni typy modeld

SIS Susceptible — lll — Susceptible
SIR Susceptible — Il — Recovered /Removed /Resistant
SIRS Susceptible — lll — Resistant — Susceptible
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Zakladni typy modeli

Zakladni typy modeld

infekénost
mira kontaktu

mira uzdraveni

infekénost

mira kontaktu mira uzdraveni
SIR model | SI |I | II I R

infekénost
mira kontaktu h mira uzdraveni

SIRSmodel | S |L| R

mira ztraty odolnosti
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Matematické modely

SIS model

SIS = Susceptible — Il — Susceptible

dS/dt = —BSI+~l
di/dt = BSI—~l

po algebraickych Gpravach ekvivalentni:

dY /dt = rY(1— Y /K)

coZ je rovnice pro logisticky rilst, tj. chovani tohoto
jednoduchého modelu sméfuje vzdy k rovnovaznému stavu
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Matematické modely

SIR model

SIR = Susceptible — lll - Removed (Resistant)

zakladni ,,Kermack-McKendrick model”

dS/dt = —pSI
di/dt = BSI —~l
dR/dt =~I

epidemie propukne pouze pokud 35/~ > 1 (threshold)



Jednoduché modely
00®00

Matematické modely

SIR: Vysledky simulace

pocet jedincu
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Matematické modely

SIR: Srovnani s realitou
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Figure 12.P.3. Influenza epidemic data, 1978, English boarding school. Of 763
boys, 512 were confined to bed, 22 ]anuary—February 1978. (Source: British
Vedical Journal, 4 March 1978.)
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Matematické modely

SIRS model

SIRS = Susceptible - Il - Resistant - Susceptible

Death

Getting infected

N

Susceptible Fish

Fatality rate

Sick Fish

Exposure Rate
Infectiousness

== Contact Rate

Losing resistance

Resistant Fish Recoverin

Recovery Time
Resistance Time
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Modely s agenty

Modely s agenty

zakladni model:
@ agenti se pohybuji po prostoru
@ kaZdy ma svij stav (S, I, R)

@ pri kontaktu moZnost p¥enosu nemoci
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Modely s agenty

SIR: Simulace
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Modely s agenty

SIR: Vysledky simulace, srovnani
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Figure 12.P.1. Illustrative time series solution. Note: S(f) is monotonically
decreasing, R(t) monotonically increasing, and I() rises and then falls.
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Figure 12.P2. Agent time series.
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Komplexni sité

Vliv topologie sité

@ standardni model — homogenni prostredi
@ jaky vliv ma topologie sité, po které se epidemie Si¥i?
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Komplexni sité

SIR: Simulace
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Komplexni sité

Epidemie v bezskalovitych sitich

@ neexistuje kritickd hranice — i viry s velmi malou
nakaZlivosti se mohou rozsi¥it (diky uzlim s vysokym
stupné&m)

@ uniformni imunizace je pomérné neti¢inna

@ cilend imunizace (zasahujici hlavn& uzly s vysokym
stupném) vdak mize byt velmi &inna

Praktické pou&eni: nap¥. pro boj s AIDS.
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Komplexni sité

Epidemie v bezskalovitych sitich

0.4 - . , .




Jednoduché modely
©00000

Rozsiteni

/7 /

Rozsiteni zakladnich modelu

kontakty v rdmci populace
heterogenita populace
populaéni dynamika, ¢as
zasahy proti epidemii

mutace
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Rozsiteni

Kontakty v ramci populace

sefazeno podle miry abstrakce:

homogenni
subpopulace (ostrovy, socialni skupiny)
abstraktni model spole¢enského Zivota
socidlni sit

konkrétni data
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Rozsiteni

Heterogenita populace

o vék
@ imunita

@ mnoZstvi kontaktd
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Rozsiteni

Populaéni dynamika, ¢as

e dilezité u nemoci s trvalou imunitou (SIR)
@ populaéni dynamika — trvaly p¥isun novych obé&tf

@ dal3i ¢asové hledisko: nap¥. ro¢ni obdobi (viz ch¥ipka)
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Rozsiteni

Zasahy proti epidemii

@ vakcinace

preventivni

plo$na

o cilend (subpopulace, sledovani kontakt)

@ sniZeni mnoZstvi kontakti (karanténa, izolace)

@ vybiti nemocnych (p¥ip. i zdravych)

~povzbuzeni“ epidemie v pfipadé marketingu, $iteni informaci
(nap¥. reklama plo3na vs cilend)
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Rozsiteni

Mutace nemoci

@ nové varianty nemoci (nap¥. ch¥ipka)

@ rozliSeni mezi stavem ,nachylny” a ,,odolny” nemusi byt
dostatecné

@ koevoluce mezi populaci (Iékem) a virem
(Sexual reproduction as an adaptation to resist parasites,
resistence vici antibiotikim)

@ vyuziti genetickych algoritmi
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Pt¥iklady aplikaci

@ jednoduché modely: cvi¢eni, Netlogo models library
@ stfedné sloZity model: nestovice

@ rozsahly systém: EpiSimS
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Netlogo models library

@ Biology / HIV
e model s agenty v prostoru
o vytvafeni pard (nastavitelnd ,stélost")
e preventivni opat¥eni (kondomy, testy)
@ Biology / Virus
e variace na SIRS
e kombinace s populagni dynamikou
@ Networks / Virus on a Network

e model na siti
o kombinace SIS/SIR
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Netlogo models library

Curricular Models / epiDEM
@ Basic
o zakladni SIR model (variace na Kermack-McKendrick)
@ Basic, Travel and Control

e rozsifend prace s prostorem
e subpopulace



Covid:
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jednoduché ilustraéni modely

brezen 2020, zatatek epidemie, modely osvétlujici zakladni
principy $ifeni epidemie

3BluelBrown: Exponential growth and epidemics

https://www.youtube.com/watch?v=KasOtIxDvrg
3BluelBrown: Simulating an epidemic
https://www.youtube.com/watch?v=gxAa02rsdls

Why outbreaks like coronavirus spread exponentially, and
how to “flatten the curve”

https://www.washingtonpost . com/graphics/2020/world/corona-simulator/

Tomas Pueyo: Coronavirus: Why You Must Act Now
https://tomaspueyo.medium.com/coronavirus-act-today-or-people-will-die-£f4d3d9cd99ca
Tomas Pueyo: Coronavirus: The Hammer and the Dance

https://tomaspueyo.medium.com/coronavirus-the-hammer-and-the-dance-be9337092b56


https://www.youtube.com/watch?v=Kas0tIxDvrg
https://www.youtube.com/watch?v=gxAaO2rsdIs
https://www.washingtonpost.com/graphics/2020/world/corona-simulator/
https://tomaspueyo.medium.com/coronavirus-act-today-or-people-will-die-f4d3d9cd99ca
https://tomaspueyo.medium.com/coronavirus-the-hammer-and-the-dance-be9337092b56
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Nestovice

Model nestovic

Toward a containment strategy for smallpox bioterror: An
individual-based computational approach

@ stfedné sloZity model

redlné parametry nemoci — nestovice

model vztahl mezi lidmi — rodiny, prace, $kola
abstraktni ,mé&sta“

motivace (financovéni): bio-terorismus
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Nestovice

Zaklad modelu

nestovice — vyladéno dle historickych dat

prostfedi: 2 mésta, domov, $kola, prace, nemocnice
agenti presuny: v noci doma, ptes den ve ¥kole/praci
na zalatku 1 nemocny agent, prenos pfi kontaktu

riizné zplsoby intervence



Nestovice

Daytime

P¥iklady modeli
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Nestovice

Nestovice: parametry

Period of vaccine efficacy Highly contagious period
-

. , . L) " . >
< t t t =t + 4 =
0 4 12 141516 19 23 Days
Susceptible Infected, contagious, rash
Infected, asymptomatic, noncontagious

Dead
Infected, febrile, contagious, early rash

Recovered and immune

Figure 12.2. Progression of smallpox. (Source: Fenner o 2l 1988 \
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Nestovice
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Nestovice
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Nestovice

Vysledky simulace

Incidence per day
Incidence (cases/day)

8 &

5

o
20 40 60

Days

Time series of cumulative infected
Number of infected individuals

600
500
400

Days

Figure 12.4. Typical results for base case run.
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Nestovice

O&kovani

Strategie otkovani: preventivné zaméstnanci nemocnice,
rodinny pFislusnici zpétné.
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Figure 6. Results of Interventions. The black time series shows a typical run that implements our
suggested intervention. The red time series is the original curve from Figure 4 which shows the
no intervention case.
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Nestovice

Sumarni zpracovani bé&hii

Nurrer Infected 400

Percent Preemplivety \Vaccinated or Immune

Figure 8. Probability Surface of the 75% Family Contact Tracing Case.
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Systém EpiSimS

Epidemiological Simulation System
redlnd geograficka data

individualni heterogenni agenti

predpfipravené metody zasahu (vakcinace, apd.)

https://www.youtube.com/watch?v=pGftX_56X8g


https://www.youtube.com/watch?v=pGftX_56X8g
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EpiSimS

Agenti

@ dennf aktivity, doprava (externi simulaZni baliky)
@ v&k, socialni status (zohledné&no p¥i pfenosu nemoci)

@ nemoc ovliviiuje chovani
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EpiSimS

Ch¥ipka v Los Angeles

@ pandemie chfipky — parametry dle $panélské chfipky z
1918
@ okoli Los Angeles
e 16 miliénl agenti
e 0,5 miliénu mist (domy, ¥koly, pracovistg, ...)

@ studium efektivnosti rliznych zasahi
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EpiSimS

ook
Infected.

7 64 of the epidem:
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Fig. 6.3-2. The density of infected locations on day 128 of the base case epidemic, when the
epidemic is at its peak, for 10 a.m.
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EpiSimS

Covid: modelovani pro rozhodovani

@ Ucely modeld: odhad Géinnosti opatfeni, predikce
budouciho vyvoje (zat&Z nemocnic), dopad/pldnovani
oc¢kovani, ...

@ rozsiteni zdkladnich matematickych modeld

@ stru¢ny prehled: Epidemiological models are important
tools for guiding COVID-19 interventions

@ Google Scholar: “covid epidemiology model”
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Shrnuti

@ epidemie se dobfe modeluji

@ vyuziti rliznych pFistup k modelovani: matematické
modely, agenti, sité, ...

@ rozsahlé redlné aplikace
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