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Epidemic History
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14t century: Europe: 25 million: Plague
1521: Aztecs: 3.5 million: Small pox
1918: Worldwide: at-least 20 million: Influenza

2003: SARS: rapid global spread
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Influenza Infection Timeline
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Mathematical Epidemiology

Susceptibles Infectives Removals (SIR) model
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SIR Epidemic Curve
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Limitations of SIR model
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Explicit representation of outbreak data
Lack of demographic analysis

Bayesian Epidemic Model

Learning

Implicit representation of population demographics

/
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Bayesian Learning

Probabilistic Reasoning
Reasoning under uncertainty
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Inter—causal
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Disease Outbreak Bayesian Network
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Bayesian Network for Demographic Analysis
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Geographic Region |: Probability distributions

Table 3. Probability Distributions of Symptoms and Diseases
Table 2. Probability Distributions of Demographics for Scenario 1
G A I PC/GAD| G A 1 PFE/GAI
E P(E) | G E PG/E) | A E P(A/E) I E P(I/E) Fe Ch Lo 0.35 Fe Ch Lo 0.75
Fe Ch Hi 0.25 Fe Ch Hi 0.40
As 0.15 Fe As 0.55 Ch As 0.25 Lo As 0.40 Fe Ad Lo 0.88 Fe Ad Lo 0.44
Bl 020 | Fe Bl 0.60 Ch Bl 0.15 Lo BI 0.55 Fe Ad Hi 0.05 Fe Ad 0-85
Ma Ch Lo 0.15 Ma Ch Lo 0.54
Hi 030 | Fe Hi 046 | Ch  Hi 030 | Lo Hi 030 ||, & m  os | ue on w06
Wh 0.35 Fe Wh 0.56 Ch Wh 0.23 Lo Wh 0.35 Ma Ad Lo 0.54 Ma Ad Lo 0.27
Ma As 045 |Ad As 075 |Hi As o060 ||M A4 H 06 | Me A4 W 0
Ma  BI 040 | Ad BI 085 | Hi Bl 045 c _F FPE/OH c_F raven
Ma  Hi 054 | Ad Hi 0.70 | Hi Hi 070 e Ye o 0w e Ye o 02
Ye No 0.10 Ye No 0.05
Ma Wh 0.44 Ad  Wh 0.77 Hi Wh 0.65 No Ye 0.10 No Ye 0.10
No No 0.001 No No 0.00
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Geographic Region |: Bayesian Network
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Geographic Region I: Analysis
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Geographic Region Il: Probability distributions

~

Table 4. Probability Distributions of Demographics for Scenario II

/

E PE) | G E P(G/E) | A E P(A/E) I E P(I/E)

As 020 | Fe As 0.60 Ch As 0.15 Lo As 0.55
Bl 0.15 Fe Bl 0.55 Ch BI 0.25 Lo BI 0.40
Hi 0.35 Fe Hi 0.75 Ch Hi 0.60 Lo Hi 0.75
Wh  0.30 Fe  Wh 0.40 Ch Wh 0.46 Lo Wh 0.64
Ma As 0.40 Ad As 0.85 Hi As 0.45

Ma Bl 0.45 Ad Bl 0.75 Hi Bl 0.60

Ma  Hi 0.25 Ad Hi 0.40 Hi Hi 0.25

\ Ma Wh 0.60 Ad Wh 0.54 Hi Wh 0.36
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Geographic Region Il: Bayesian Network
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Geographic Region 11: Analysis
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Regional Comparison of Inferences

B oo

Region |

Region Il

ICBA'04

[ e d
B e [ IR S S
.- 1 3]
L m I_ . b L
5 1 - —
— Ay i = 1
Dec 17, 2004 Computational Epidemiology: 18

Bayesian Disease Surveillance




4 h

Summary

SIR Model
Lack of demographic analysis

Bayesian Epidemic Model
Demographic analysis
Spatial portability of inferences
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Current Work
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Discussion, Questions & Comments
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