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Table 1. Behavioral Response to 2009 H1N1 Influenza during the Early Months of the Pandemic.*

Behavior April 2009 May 2009 June 2009
% of respondents

Initial recommendation

Wash your hands or use hand sanitizer more frequently 59 67 62

Make preparations to stay at home if you or a family member are sick Not asked 55 Not asked

Take steps to avoid being near someone with flulike symptomsi Not asked 35 38

Interaction with others

Avoid places where many people are gathered together, such as sporting 25 23 16
events, malls, or public transportationi
Avoid people you think may have recently visited Mexico 20 16 Mot asked
Avoid Mexican restaurants or grocery stores 17 13 Mot asked
Reduce contact with people outside your own household as much Not asked Mot asked 20
as possible
Avoid large shopping areas or malls Not asked Mot asked 14
Avoid air travel§ Mot asked 27 13
Limit your use of public transportation, buses, and trains Not asked Mot asked 12
Reduce your attendance at church, temple, mosque, or other place of worship Not asked Mot asked 6
Avoid family or personal events, such as parties, wedding ceremonies, Not asked Mot asked 6

or funeral services

Physical contact with others during interaction

Stop shaking hands with peoplef Mot asked 14 12
Stop hugging and kissing close friends or relatives} Not asked 12 9
Wear a face mask 8 4 6

Contact with health professionals
Talk with your doctor about health issues related to HIN1 or swine flu 5 ! Not asked

Get a prescription for or purchase an antiviral drug, such as Tamiflu or Relenza 1 Fi 3

* Data are from Harvard School of Public Health polls, April, May, and June 2009.

T The language in this question focused on “you persenally” rather than on "you or anyone in your household.”

i The June 28, 2009, poll did net include “or public transportation.”

§ In April and May polls, respondents were provided with “yes" or “no” response options for this question. In june, respon-
dents were given an additional explicit category of “Mo one in your household did this before the outbreak.”




THE Susceptible Infected Recovered (SIR) MODEL

Initially, some nodes are in the [ state and all others are in the S state.
Each node v that enters the I state remains infectious for a fixed number of steps ;.

During each of these t; steps, v has a probability p of passing the disease to each of its
susceptible neighbors.

After t; steps, node v is no longer infectious or susceptible to further bouts of the
disease; we describe it as removed (R), since it is now an inert node in the contact

network that can no longer either catch or transmit the disease.



Figure 21.2: The course of an SIR epidemic in which each node remains infectious for a
number of steps equal to £; = 1. Starting with nodes y and 2 initially infected, the epidemic
spreads to some but not all of the remaining nodes. In each step, shaded nodes with dark
borders are in the Infectious (I) state and shaded nodes with thin borders are in the Removed

(R) state.
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(a) The contact network for a branching process
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(b) With high contagion probability, the infection spreads widely
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(¢) With low contagion probability, the infection is likely to die out quickly

Figure 21.1: The branching process model is a simple framework for reasoning about the
spread of an epidemic as one varies both the amount of contact among individuals and the
level of contagion.



Figure 21.3: In this network, the epidemic is forced to pass through a narrow “channel” of
nodes. In such a structure, even a highly contagious disease will tend to die out relatively
quickly.






Basic reproductive number :

R is the average number of individuals infected

directly by an infected individvals during his
infectious period in a fully susceptible population.

B = average number of infections generated in a
unit time step

t=1/u = average time an infectious individual stays
infected

R, =pt =E
u




Epidemic threshold

if (k) > oo| then p/u—0

Heterogeneous Vanishing epidemic threshold
networks in the limit of large network
with scale-free topology
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Figure 17.2: Time evolution of the SIR model. The three curves in this figure show
the fractions of the population in the susceptible, infected, and recovered states as a
function of time. The parametersare § =1, y = 0.4, sp = 0.99, xo = 0.01, and ry = 0.



0.2

0.15

0.1

prevalence

_SIR wodel

[=0.4, u=0.2
At=1

3
N=10", IO=] 0, S():N'IO‘ R{):O

—— =04




Diffusion de la peste noire ' 2
I 1347 1351 B
[ Mi-1348  [_] Aprés 1351 = _
[] Début 1349 [] Zone épargnée| .
[] Fin 1349 ou presque g e

[11350

« Villes victimes
d'insurrections

Océan
Atlantique

_
,"

Mer Méditérranée



SARS : Cumulative Number of Reported Probable Cases
Total number of cases: 5462 as of 29 April 2003, 17:00 GMT+2
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Figure 21.2: The course of an SIR epidemic in which each node remains infectious for a
number of steps equal to £; = 1. Starting with nodes y and 2 initially infected, the epidemic
spreads to some but not all of the remaining nodes. In each step, shaded nodes with dark
borders are in the Infectious (I) state and shaded nodes with thin borders are in the Removed

(R) state.



Figure 21.4: An equivalent way to view an SIR epidemic is in terms of percolation, where
we decide in advance which edges will transmit infection (should the opportunity arise) and
which will not.



Network resilience to targeted attacks

Scale-free graphs are resilient to random attacks, but sensitive to
targeted attacks.

For random networks there is smaller difference between the two
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Source: Error and attack tolerance of complex networks. Réka Albert, Hawoong Jeong and Albert-Laszlé Barabasi
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3K Epidemic processes

3K Opinion spreading

3K Stochastic data dissemination
3K Packets routing

3K Pattern formation

3K Transport in random media
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SIR
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compartwments: Z-body interactions
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Wide spectrum of complications and
complex features to include...

Homogeneous Social structure Contact network Multi-scale Agent Based
mixing models models models
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Figure 21.5: In an SIS epidemic, nodes can be infected, recover, and then be infected again.
In each step, the nodes in the Infectious state are shaded.



step 0 step 1 step 2 step 3 step 4

(a) To represent the SIS epidemic using the SIR model, we use a “‘time-expanded” contact network

(b) The SIS epidemic can then be represented as an SIR epidemic on this time-expanded network.

Figure 21.6: An SIS epidemic can be represented in the SIR model by creating a separate copy of the

contact network for each time step: a node at time ¢ can infect its contact neighbors at time ¢ + 1.



