Modelovani epidemii

Radek Pelanek

Ten polufinancovan Evropsky
"* E
*
A
L
. s
EVROPSKA UNIE Wl ILA

INVESTICE DO ROZVOJE VZDELAVANI

s -
" pro korkuren




Zaklady
©000

Uvod

Motivace: Epidemie jsou zabijak

cerny mor @ 14. stoleti
e zemrelo 30 %
az 60 %
populace
Spanélska chripka e 1918-1920
@ zemrelo asi 50
miliénd lidi
@ (prvni svétova
valka — 15
miliéni
mrtvych)




Zaklady
0e00

Uvod

Motivace: Epidemie ovliviuji dé€jiny

@ cerny mor = socialni nepokoje
@ zamorska expanze Evropy
e az 95 % domorodych obyvatel vymfelo na evropské
nemoci, nikoliv na evropské zbrané

e Evropané vétsinou neonemocnéli
e jak to?
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Uvod

Modelovani epidemii je zajimavé

@ Siroké aplikace: nemoci, ale i pocitacové viry, informace,
postoje, médni trendy, ...
@ dobré moznosti abstrakce:
e spolecné prvky riiznych epidemii
o stali parametry (infekénost, inkuba¢ni doba, imrtnost),
nikoliv detaily pribéhu nemoci

e finanéni podpora (AIDS, bio-terorismus, ...)

@ ilustrace riznych pristupl k modelovani
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Uvod

Epidemie: otazky

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

@ Jaka jsou vhodna preventivni opatreni?
e Jak cilit imunizaci?

e Jak ovliviiuje struktura kontaktd dynamiku epidemie?
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Zakladni typy modelt

Zakladni typy modeli

SIS Susceptible — Ill = Susceptible
SIR Susceptible — lll - Recovered /Removed /Resistant
SIRS Susceptible — Ill — Resistant — Susceptible
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Zakladni typy modelt

Zakladni typy modeli

infekénost
mira kontaktu

mira uzdraveni

infekénost

mira kontaktu mira uzdraveni

SIR model | SI

]

]

infekénost
mira kontaktu mira uzdraveni

SIRSmodel | S m R

mira ztraty odolnosti
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Matematické modely

SIS model

SIS = Susceptible — Ill = Susceptible

dS/dt = —pBSI+~l
di/dt = BSI—~l

aprava: v — 1, S, | nahradime, X + Y =1

dY /dt = rY (1 — Y/K)

coz je rovnice pro logisticky rist, tj. chovani tohoto
jednoduchého modelu sméfuje vzdy k rovnovaznému stavu
(pro Y = K/2)
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Matematické modely

SIR model

SIR = Susceptible — Il - Removed (Resistant)

zakladni model Kermack a McKendrick

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

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

SIR: Vysledky simulace

pocet jedincl
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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

Fatality rate

Sick Fish

Expasure Rate

Contact Rate
~

Losing resistance
Resistant Fish Recov:M-O

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, |, R)

@ pri kontaktu moznost prenosu 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

Figure 12.P.2. Agent time serics.
decreasing, R(t) monotonically increasing, and I(t) rises and then falls.
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Komplexni sité

Vliv topologie sité

@ standardni model — homogenni prostredi

@ jaky vliv ma topologie sité, po které se epidemie Sifi?



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 rozsifit (diky uzlim s vysokym
stupném)

@ uniformni imunizace je pomérné nelcinna

@ cilend imunizace (zasahujici hlavné uzly s vysokym
stupném) v8ak mize byt velmi 4&inna

Praktické pouceni: napt. pro boj s AIDS.
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Komplexni sité

Epidemie v bezskalovitych sitich

0.4 : ; : ;
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Rozsireni

Rozsireni zakladnich modelt

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

mutace
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Rozsireni

Kontakty v ramci populace

serazeno podle miry abstrakce:
@ homogenni
@ subpopulace (ostrovy, socialni skupiny)
@ abstraktni model spolecenského zZivota
@ socialni sit

@ konkrétni data
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Rozsireni

Heterogenita populace

o vék
@ imunita

@ mnozstvi kontaktd
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Rozsireni

Populacni dynamika, cas

@ dulezité u nemoci s trvalou imunitou (SIR)
@ populacni dynamika — trvaly pfisun novych obéti
o dalsi ¢asové hledisko: napf. roéni obdobi (viz chfipka)
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Rozsireni

Zasahy proti epidemii

@ vakcinace

e preventivni
e plosna
o cilend (subpopulace, sledovani kontakt)

@ snizeni mnozstvi kontakti (karanténa, izolace)

@ vybiti nemocnych (pfip. i zdravych)
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Rozsireni

Mutace nemoci

@ nové varianty nemoci (napf. chfipka)
@ rozliseni mezi stavem ,,nachylny” a ,odolny” nemusi byt
dostatecné

@ koevoluce mezi populaci (Iékem) a virem
(sexudlni rozmnoZovani jako obrana proti virim?)

@ vyuziti genetickych algoritmi



Rozsahlé studie

Priklady aplikaci

@ nestovice — stfedné slozity model

@ rozsahly systém EpiSimS



Nestovice

Model nestovic

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

stredné slozity model

redlné parametry nemoci — nestovice

model vztah(l mezi lidmi — rodiny, prace, skola
abstraktni ,,mésta“

motivace (financovani): bio-terorismus

Rozsahlé studie
©000000000




Nestovice

Z3aklad modelu

nestovice — vyladéno dle historickych dat

prostredi: 2 mésta, domov, skola, prace, nemocnice
agenti pfesuny: v noci doma, pres den ve Skole/praci
na zacatku 1 nemocny agent, prenos pri kontaktu

rizné zplsoby intervence

Rozsahlé studie
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Nestovice

Nighttime

Daytime
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Nestovice

Nestovice: parametry

Period of vaccine efficacy Highly contagious period
—

e >
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. (Sonrce: Fenner ot 21 10828 \
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Nestovice

TR

AR

e

IEE HEB|EIEE
e ] ] e e
MFEMEELEEE
IEEEHFRIR I ERERIE

:@@MEEE

HHHE
@@@@@
EIEIE
LEJEIEEE
ESlEE
EETE
[58]53] 15

@E@@@@
[=%] 25| 22 22] 2] 28] 22

EIIEEE

18




Rozsahlé studie
00000®0000

Nestovice
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Nestovice

Vysledky simulace

Incidence per day
Incidence (cases/day)
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Figure 12.4. Typical results for base case run.
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Nestovice

Oc&kovani

Strategie ockovani: preventivné zaméstnanci nemocnice,
rodinny prislusnici 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 béhil

Nurrer Infected 400

Percent Preemptivedy Vaccinated or Immmune

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

Systém EpiSimS

Epidemiological Simulation System
realnd geograficka data
individualni heterogenni agenti

predpfipravené metody zdsahu (vakcinace, apd.)
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EpiSimS

Agenti

@ denni aktivity, doprava (externi simula¢ni baliky)
@ vék, socialni status (zohlednéno pfi pfenosu nemoci)

@ nemoc ovliviiuje chovani
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EpiSimS

Chripka v Los Angeles

@ pandemie chfipky — parametry dle Spanélské chripky z
1918

@ okoli Los Angeles

@ 16 miliénd agentd, 0,5 miliénu mist (domy, Skoly,
pracovisté, ...)

@ studium efektivnosti rliznych zasahi
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EpiSimS

100k
Infected
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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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Shrnuti

@ epidemie se dobre modeluji

@ vyuziti riznych pristupl k modelovani: matematické
modely, agenti, sit€, ...

@ rozsahlé redlné aplikace
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