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Digital traces for infectious disease
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limited in scales
schools, conferences, exhibitions

Digital traces for infectious disease
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• It is important to get the contact network structure

Digital traces for infectious disease
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• It is important to get the contact network structure

• Expensive to collect
• Laborious in filtering of data
• Privacy sensitive

Digital traces for infectious disease



Sun Lijun, FCL-SEC NetSci 2014 June 4, 2014

• It is important to get the contact network structure

• Think about data capturing physical proximity

• Large-scale long-term time-resolved high-resolution physical 
proximity data

Digital traces for infectious disease



Sun Lijun, FCL-SEC NetSci 2014 June 4, 2014

• It is important to get the contact network structure

• Think about data capturing physical proximity

• Public transit smart card
• Ez-link card in Singapore

Digital traces for infectious disease
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Digital traces for infectious disease
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Digital traces for infectious disease
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A contact network in high resolution

B
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• 3 million users
• 1 week
• 1 billion contacts

A contact network in high resolution
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• 3 million users
• 1 week
• 1 billion contacts

• time-resolved (second)
• spatial dimension included

A contact network in high resolution

B
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• Simulating contagious outbreaks in such a network

A simple study
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• Simulating contagious outbreaks in such a network
• SI model with E (for 2 hours)

A simple study
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• Simulating contagious outbreaks in such a network
• SI model with E (for 2 hours)

• A simple and effective strategy for early detecting contagious 
outbreaks without mapping the full contact network 
structure is to find friend sensors

• Friendship paradox

A simple study
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• Degree (Number of encountered people, k)
• Travel frequency (f)
• k-shell index in the aggregated network (ks)
• Temporal entropy (the hourly distribution of edges, S)

• Correlated measures
• All present friendship paradox

Centrality measures
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Centrality measures

k

P
(k

)

 

 

0 1000 2000 3000
10

−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

control

sensor

A

f

P
(f

)

 

 

1 2 3 5 10 20 50 100
10

−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

control

sensor

0 50 100 150
10

−8

10
−6

10
−4

10
−2

B

ks

P
(k

s
)

 

 

0 100 200 300
0

0.01

0.02

0.03
control

sensor

C

S

P
(S

)

 

 

0 1 2 3 4
0

0.5

1

1.5
control

sensor

D

The dashed lines are 90th, 99th, 99.9th, 99.99th percentiles
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Centrality measures
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The paradox can be generalized given the correlation in measures.
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• Simulating contagious outbreaks in such a network
• beta = 0.0015/20 seconds

A simple study
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• Simulating contagious outbreaks in such a network
• beta = 0.0015/20 seconds

A simple study
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• Simulating contagious outbreaks in such a network
• beta = 0.0015/20 seconds

• Lead-time?

A simple study
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• Simulating contagious outbreaks in such a network
• beta = 0.0015/20 seconds

• Lead-time?
• Average Delta T for 5%<=alpha<25%

A simple study
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• Order individuals using centrality measures and divide the 
population into 100 slices.

• The performance of friend sensors.

Performance of sensors
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• Order individuals using centrality measures and divide the 
population into 100 slices.

Performance of sensors
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• All top slices provide good warning, (except ks with 
beta=0.05). Which is better?

Performance of sensors
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• Better sensor
• Average lead-time provided
• Sensor size (monitoring cost and efficiency)
• Sensor reliability

Performance of sensors
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Performance of sensors
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• Still, the data only covers a small fraction of daily-life

• Bias of such encounters: Such encounters on transit vehicles occur 
more often between perfect strangers than among friends, colleagues 
or families, making the network incomplete for predicting epidemic 
spreading via all possible transmission pathways.

• No shortest path based centrality measures used

• SIR / SEIR models

Discussion
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• Using transit data to build a time-resolved physical proximity 
network

• Friendship paradox can be generalized in correlated centrality 
measures

• We examine the friendship paradox in SI spreading

• The simple centrality --- degree, can provide sensors which 
provide substantial and reliable lead-time, but only cover 
0.01% of the population.

• arxiv:1401.2815

Conclusion
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Thank you!
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Appendix


