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How does a disease propagate?

COVID: early timeline
(Jan 12 to Feb 10, 2020)

2019-nCoV Coronavirus
confirmed cases by country/region
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Modeling epidemics Y

Pathogen
* How contagious is it?
* How long is the infectious period?

* How severe is it? |
Flu

Hepatitis C

Modeling epidemics

* Contact network
* Depends on pathogen: flu vs. STI

* Examples
* Human diseases— travel pattern
* Animal diseases (e.g., 2001 F&M disease in the UK)
* Plant diseases— spatial footprint




Modeling epidemics

* Branching model
* Network is a tree

* SIR model

* No multiple infections
* General network structure (directed graph)

* SIS model

* One can be infected multiple times

10

Branching model
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Branching model (p, k)

e k = # of branches from each internal node

* p = Probability of infection

(a) The contact network for a branching process
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This node is infected firstw

If probability p is high
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(b) With high contagion probability, the infection spreads widely
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If probability p is low
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(c) With low contagion probability, the infection is likely to die out quickly

14

Will the disease become an
epidemic?

* Basic reproductive number, R,
= Expected # of new cases of the disease
caused by a single person

*Ry=pk

15
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Will disease become an
epidemic?

* Dichotomy result
* Ry < 1=>disease will die out for sure
* Ry > 1 => disease will persist with positive prob.

* “Knife-edge” situation
* Ry = 1: critical value

16

Insights from the branching
model

*Ry=pk

* How to prevent an epidemic?
* Reduce the value of p — masking, sanitary practice
* Reduce the value of k —isolation, quarantine

17
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Ro: common diseases

Not based on branching model

R, values

0

Disease Transmission Ro
Measles Airborne 12-18
Pertussis Airborne droplet 12-17
Diptheria Saliva 6-7
Smallpox Social contact 5-7
Polio Fecal-oral route 5-7
Rubella Airborne droplet 5-7
Mumps Airborne droplet 4-7
HIV/AIDS Sexual contact 2-5
SARS Airborne droplet 2-5
Influenza . Airborne droplet 2-3
(1918 strain)

19



R, value & deadliness

Fatality rate

(log scale)
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https://www.nytimes.com/interactive/2020/world/asia/china-coronavirus-contain.html

February 2020
20

Author Country R(95%C])
Shenetal., 2020 China —_—— 3.13(1.41,696)
LT Wuetal, 2020 China 4 2.68(249,288)
O = Shao etal,, 2020 China . 332(3.25,340)
Wan et al., 2020 China . | 1.44(1.41,148)
ZhaoMusaetal, 2020 China o 256(249,263)
COV_ 2 Zhangetal,, 2020 China ! » 5.50(5.21,581)
Sanche et al, 2020 China | - 5.77(4.57,7.29)
Meta study by Songetal., 2020 China i‘ 3.62(3.30,3.98)
Kucharskietal, 2020 China e 1.64(0.73,369)
Billah et al. (NOV 2020) Imai et al,, 2020 China —.— 2.60(1.70,3.97)
ZtaoLinetal, 2020 China e 353(2.10,5.94)
Majumder & Mandl, 2020 China o 255(205,3.17)
QLietal,2020 China b 220(1.32,367)
Tengetal,, 2020 China I . 6.47(5.75,7.28)
Liu etal, 2020 Chinaand overseas + 290(278,3.02)
Riou&Althaus, 2020 Chinaand overseas — 220(1.34,3.62)
Readetal., 2020 Chinaand overseas e 311(237,4.09)
Mizumoto & Chowell, 2020Diamond Princes Cruise ship, Japan ———— 5800135, 2483
Zrangetal., 2020 Diamond Princess Cruise ship, Japan .l 2282.06,252)
Yuanetal, 2020 France R 6.32(5.72,6.99)
Laietal, 2020 GISAID data — 210(1.52,290)
Yuanetal, 2020 Gemany i 6.07(5.51,6:69)
Yuanetal, 2020 Ialy . 3.27(3.17,338)
Kuriya, 2020 Japan ‘ 260(241,281)
Iwata & Miyakoshi, 2020~ Outside of China ! - 6.50(5.73,7.37)
Jung et al, 2020 Outside of china > 3.19(271,376)
Choi &Ki, 2020 SouthKorea - ) 0.56(0.52,061)
Shim et al, 2020 SouthKorea . ! 1.50(1.40, 1.60)
Ki, 2020 SouthKorea . ! 0.48(0.26,0.88)
Hyafil and Morina, 2020 Spain el 226(1.29,3.96)
Yuanetal, 2020 Spain L. 5.08(4.50,573)
Overall (1-squared = 99.5%, p = 0.000) O 287(2.39,344)

NOTE: Weights are from random effects analysis i
T T T
0403 1 43

oi: https://doi.org/10.137 1/journal.pone.0242128.9002
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https://www.nytimes.com/interactive/2020/world/asia/china-coronavirus-contain.html

Case fatality rate of the ongoing COVID-19 pandemic Our World
The Case Fatality Rate (CFR) is the ratio between confirmed deaths and confirmed cases. During an outbreak of
apandemic the CFR is a poor measure of the mortality risk of the disease. We explain this in detail at
OurWorldInData.org/Coronavirus
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SIR Model
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SUSCEPTIBLE INFECTED REMOVED
(HEALTHY) (SICK) (IMMUNE/DEAD)

At each step, an infectious node infects its
susceptible neighbors with probability p

SIR model
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D e
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Basic reproductive number

* R, = expected number of new infections caused
by a node

* Dichotomy does not hold for SIR model on
* Rycan be > 1, but the disease may still die out

27

COVID-19: SEIR model

* S-Exposed-I-R

* Exposed: incubation before becoming infectious
28
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SIS Model

SIS model

S INFECTION I
—
RECOVERY
——
SUSCEPTIBLE INFECTED
(HEALTHY]) [SICK)
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SIS Model

* SIS model
* S: Susceptible
* |: Infectious

* A node can become infected multiple times

* Dichotomy result exists

(a) (b) () (d)
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NetLogo experiment on SIR

* Models Library = Networks = Virus on a
network

* Edit the "go" button and uncheck "Forever"

* Edit the max to 100% for the following:

* virus-spread-chance (p)
* recovery-chance [proxy for infectious period t|]

32
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