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Social contact networks
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Based on the degree distribution contact network could be
RANDOM, SMALL WORLD or SCALE FREE.




Vaccination dilemma

e ; , *=not immunized but ﬁ:immunized aid *Mot e
Ro also tells the critical proportion of the population that still healthy T ot it -
needs to be wvaccinated for disease eradication. For a AR 2 o

is the proportion of immune population, disease will | fef
die if Ry=Ro (1 -p )< 1. This gives ¥

1
Ry

For Measles, Ro=12-18 and p.=92-95 %
Smallpox, Ro=5-7 and p.=80 - 86 %
Influenza, Ro=1.2-1.8 and p.=33-44 %

pc:]-

When a critical fraction of a community is immune |;
against an infectious disease, whole community is
protected against it. This immunity is called

Herd immunity.




Vaccination dilemma

/~ The Tragedy of the Commons \

Use of the commons is If one or more users increase Unless environmental
below the carrying the use of the commons costs are accounted for
capacity of the land. All beyond its carrying capacity, and addressed in land use
users benefit. the commons becomes practices, eventually the
\ / degraded. The cost of the land will be unable to
degradation is incurred by support the activity.
all users. \ /
. J

How do we manage resources that seem to belong to everyone?



How spread of an infectious disease 1s modelled ?

Susceptible | @® ©® ©® ©® @ @

Infected O

Removed O

Event Transition Probability
infection (s,i,7) = (s— 1,1+ 1,7) T
recovery (s,i,7) — (s,i— 1,7+ 1) 1/7;

vaccination (s,%,7) — (s —1,4,7+1) T
S = transmission probability,

kins = no. of infected neighbour,
T; = average infectious period,

m = vaccination probability.
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How spread of an infectious disease 1s modelled ?
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How spread of an infectious disease 1s modelled ?
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Susceptible | @ @® @ =
> infection i
Infected O O ' vaccination
> recovery ',"
Removed 20 - .
e
Event Transition Probability
infection (s,%,7) = (s— 1,2+ 1,7) T
recovery (s,i,7) = (s, — 1,7+ 1) 1/7;
vaccination (s,i,7) — (s — 1,4, + 1) T
V4
B = transmission probability, Dlse&fse, Vaccination
. ; Transmission Decision
kins = no. of infected neighbour, Model Model
7, = average infectious period,

m = vaccination probability.



Why game theory ?

Players pedsmens®  Actions ety Payoffs

Opponent

Cooperate Defect

]
= qi Sucker’s
T8 payoff
Q| U
©
O | ©
o | @ .
L g Temptation Penalty



Why game theory ?

Players pedsmens®  Actions ety Payoffs

Opponent Opponent
Cooperate Defect Vaccinate Not vaccinate
= o
— , S Cost of vaccine Cost of vaccine
q;{ qsi SUCKers E g and no risk of and high risk of
@ 8 payOff © § infection infection
o O Q. 5
S|4 g = | |
O | & © © Nocostofvaccine No cost of vaccine
=Bl Temptation Penalty = &  andnorisk of and high risk of
a *; infection infection
Z



The model

, Ny > change in state

flow of information

time =t 4 0t P(S ==V =8

update

P ————————————
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time = ¢
@ Susceptible
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Sharma et. al PLoS Comput Biol, 2019.



Step 1:

fp is the fraction of neighbours that are protected against prevalent infection

f . is the fraction of infected agents and is combination of local and global prevalence

Local prevalence: fraction of infected agents in

the neighbourhood, kix/k ®
O @
Global prevalence: fraction of infected agentsin ¢ ¢ o ©¢0° :
the whole network, I/N o ®
fi=all/N)+ (1 —a)kins/k). ° ¢
@
By using parameter @ , we tune the nature of information
that agents use to decide whether to get vaccinated or not.
a S O .............................. > a ———— 1
Entirely local Entirely global

information information



Step 2:

Upn = ef?l +.fa
Uy :gfi =

(0,1) (1,1)

....................... -

Harmony HD:

fi

PD Deadlocké

0.0) fp (1.0)

Prisoners’ Dilemma: U, >U,, > U,, > U,,

Deadlock:
Hawk Dove:
Harmony:

Unv > Unn > va > Uvn
Unv = va = Uvn - Unn
Ufuv > Uvn = Un'u > Unn

ear 1 ye:

PD: T>R>P>S

Hawk-Dove Model: Costs and Benefits of Fighting over Resources

Payoff* to...

Payoff: (V-D)/2 Payoff: V
Dove never wins; 161G .i5a 50% of fights;
dove is never injured. .92 fnjlind; wastes time.
) 4 )

HD: T>R>S>P

We choose the coefficients in functional forms of T, P, R and S such that, the following

iInequalities hold,

a+tb>e+h>e+f>b,c+d>h>d>"f



The model

, ------- > change in state
flow of information
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update
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Empirical Social Networks

- Empirical social contact networks
were constructed from the detailed
network data collected by surveying
households of 75 villages located in
Karnataka, a state in the south of
India.

A wide range of interactions such as
kinship, social engagement, visiting
homes, borrowing and lending
money or essential items, etc., were
recorded for surveyed individuals.

® 2011 Maphil

- For our study, we consider (undirected) network obtained from the union of all the
interaction between the individuals in a village as a representation of the social contact
network along which an epidemic can spread.

Data source: A. Banerjee, A. G. Chandrasekhar, E. Duflo, M. O. Jackson, Science 341, 1236498 (2013).



For Empirical Social Networks

Village no. 55: N = 1180, Lcc = 1151, <k> = 7.964, <kett> = 9.7888

time = 000 time = 000

i

7

4/’[,«,'} 7

Simulated epidemic with 8 = 0.25 and 77 = 10
@ Susceptible @ Infected+Recovered () Vaccinated



For Empirical Social Networks

Village no. 55: N = 1180, Lcc = 1151, <k> = 7.964, <kett> = 9.7888

¢ Suceptible - 1
® |nfected -
® Recovered

Vaccinated

1
0.75 ¢

fN);
0.25 o d

O*h‘i.ﬁ'.:%"ﬂf‘” M"‘mﬁ
0 25 50 75 100125 0 25 50 75 100 125
time time
f(IN) is the fraction of agents at any time t.

Simulated epidemic with 8 = 0.25 and 77 = 10




For Empirical Social Networks

Village no. 55: N = 1180, Lcc = 1151, <k> = 7.964, <kett> = 9.7888

0.4 ]
f(loo) | ' '
0.2

f(Ioo) is the fraction of nodes that get f(Voo) is the fraction of nodes that get
infected over the whole course of vaccinated over the whole course of
simulated epidemic. simulated epidemic.



For ER random networks

N =1024, <k> =10

-

e

¢ 'ISl#cetpt(ijbI
® [nfecte
0-751 " Vaconated
f(N) -
= -
0.25} | -
O- : . : ff"' . : v—
0) 50 . 100 150 O 50 . 100
time time
- 0.47 -
0.3}

f(VOO)'
' 0.1} J

f(N) IS the fraction of
nodes at any time t.

f (I )is the fraction of
nodes that get infected
over the whole course
of simulated epidemic.

f (Vs )is the fraction of
nodes that get
vaccinated over the
whole course of
simulated epidemic.



Comparison

Erdos-Renyi Network -
o Empirical Social Network

0.08
0.06
0.04
0.02

0L

| |
10 12 (k) 14 16
We selected the villages with Lcc >1000 to compare the results of simulated epidemic on

empirical social networks and ER random networks. We found that the results on empirical
networks follows the trend very similar to the results found for ER random networks.



System size dependence
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Phase transition

5 4 -3

Probability distribution of V, as a function of Ro for different values of Cv.
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Phase transition

0.5 1
0.4 0.9}
0.3 0.8}
0.2 0.7
0.1 0.6
0 — ¥
1 125 1.5 175 2 BC

0

Bimodality coefficient™:

m3 + 1
(n—1)2
(n—2)(n—3)

BC =

my + 3

where, m3 is the skewness of the
distribution, m4 is the kurtosis and n is
the no. of observations.

The benchmark value of BCcit is 5/9,
which suggests that the distribution is
uniform. The values higher that 5/9
suggest the possibility of bimodality
and lower values indicates unimodality.

*Roland Pfister et al., Front Psychol. 2013; 4: 700.



Conclusions

e The circumstances for emergence of voluntary vaccination in response to an
epidemic outbreak are characterised.

e The nature of information (local or global) involved in design making
process is found to have a significant effect on the success of vaccine
coverage.

e The results are same across all the networks (empirical and ER) of same
average degree.

e When agents decide to get vaccinated based on the information about the
local prevalence, the model show two different epidemic fates, rnear the
threshold, for same value of Ry.

e For public health planning, the study points out the importance of
availability of information about infected cases



Thank you!



