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Introduction • Goal: – Model the spread of infectious diseases. – Design effective intervention strategies. • Data and computing challenges: – Need large scale social networks to study epidemics and pandemics. – Realistic representation of individuals, their social interactions, and contact structures.



Talk Outline



• • • •



Generate Social Network Disease Model and Interventions Illustrative Study Summary



Synthetic Social Networks



•



Difficult to construct real contact graphs – – –



•



Privacy/security issues Dynamic interactions Large populations



Alternative solution: synthetic social contact graphs Constructed by integrating a number of public and commercial data sets – Statistically similar to realistic contact networks – significantly different from other complex networks –



Contact Network



People Vertex: • age • household size • gender • income



Location Vertex: • (x,y,z) • land use • Business type Edge labels • interaction type: shop, work, school • (start time 1, end time 1) • (start time 2, end time 2)



Generate Contact Network • Social interactions include – – – –



Duration of contact Type of activity resulting in contact Demographics of those contacted Characteristics of locations



1



2



(age, income, …)



3



4



(duration of contact, Nature of contact, …)



Social Networks Are Robust Unlike Infrastructural Networks



Vaccinating (quarantining) high-degree people



Shattering the social network by:



Closing down high-degree locations



Network Parameters: Example Cities



Region



Population size



Edge number



Network file size



Avg degree



Miami



2.09M



0.1B



1.16GB



49



DC



3.75M



0.2B



2.28GB



54



Chicago



9.04M



0.5B



5.92GB



58



NYC



17.88M



0.9B



10.59GB



53



Social Contact Network of Alabama • Example: Alabama has 4.3 million people and a total of 291 million interactions • Why are social interactions important? – They provide opportunities for disease transmission – Understanding these social pathways to transmission can help design effective interventions
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Generate Social Network Disease Model and Interventions Illustrative Study Summary



Within Host Disease Model



Individuals move through disease states



Disease Transmission Among Contacts • Transmission depends on – – – –



Duration of contact Number of contacts Own health state Health state of the contacts



Interventions



• Types of interventions – Pharmaceutical: vaccination, antiviral – Non-Pharmaceutical: school closure, work closure, quarantine, generic social distancing • When, how, and to whom these are applied determines the course of the epidemic



Vaccination and Antiviral • Vaccination and antiviral impact individuals’ role in the transmission chain – Lower susceptibility to infection – Lower infectiousness if infected



• Exact impact on transmission depends on the efficacy of the vaccine or antiviral • Predicted efficacies and supply levels of pandemic flu vaccines vary wildly



Social Distancing



• Non-pharmaceutical interventions are mainly social distancing measures. • Target at changing the contact network to reduce opportunities for transmission
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Generate Social Network Disease Model and Interventions Illustrative Study Summary



A Real World Example Policy Problem: A limited supply of antivirals is to be allocated between the private and public sector such that the attack rate is minimized and the cost of antiviral is recovered through the market.



Experimental Setup • New River Valley population of Virginia: ~150,000 • Total antiviral supply available: 15,000 (10%) – Hospitals: give free to diagnosed as infected – Market: sells for a price based on demand • Households demand for antivirals – Increases with disease prevalence and budget – Decreases with price



Experimental Setup • All modeling assumptions used in this study regarding the disease model, diagnosis rate, and availability of antivirals are the same as specified by DHHS and NIH in June 2008 in preparation of H1N1 pandemic.



Assumptions • The price of the antiviral can vary between $50-$150. • Total household budget for antiviral is 1% of the income. • The private stockpile can be purchased by anyone who can afford it. • Private demand depends on the level of disease prevalence, price of antiviral and the budget available.



Additional Assumptions • Isolation based on Prevalence : Once the prevalence reaches a threshold value (0.2%), for individuals diagnosed as infected, with 40% compliance, the entire household decides to isolate at home. • 2/3 of the infectious are symptomatic and report to the hospital. • 1/3 of the infectious are asymptomatic and 47% less likely to transmit. • Only 60% of those who report to the hospital get diagnosed.



Policy Questions • Is there an effective antiviral allocation strategy that distributes the stockpile to the society through the markets and public distribution system • How does the feedback mechanism work between the disease dynamics, social network and individual behavior? • Does behavioral adaptation help control the epidemic?



Experimental Results • Attack rate reaches minimum when hospital allocation is 6K. • Application of hospital allocation is upper bounded by detection rate. No need to allocate more to hospitals. • Extra given to the market. Revenue recovers cost.



Antiviral Market Study: Result • Optimal Allocation Strategy: Assign 40% of the antiviral stockpile to the hospitals and 60% to the market. Attack rate reaches its minimum and the cost of antiviral is recovered entirely through the market.



Prevalence Elastic Demand



• Demand as a function of prevalence (red compared to blue) is able to shift the peak of the epidemic by about 30 days. Isolation (red compared to green) is able to reduce the infection by ~ 1200.



Natural behavior adaptation to an epidemic in conjunction with well established logistics (markets + public distribution) reduce and delay the peak infection rate



Dynamic Modeling • Co-evolution of behavior, disease dynamics and social contact networks: • Isolation and anti-viral uptake control disease prevalence • Social contact network changes due to these actions • Disease dynamics changes This image cannot currently be displayed.



Findings I: Both Private and Public Distribution are Important • Suggests optimal allocation strategy of antivirals between public and private stockpile – Hospitals (public sector) should be given priority – Private stockpile useful for individuals who are infectious and asymptomatic



• Optimal split (40% to hospitals, 60% to the market). • Revenue recovers the cost of antivirals if per unit cost of production is < $42.



Finding II: Role of Behavioral Adaptation • Both behavioral adaptation are critical in controlling the epidemic – Household isolation reduces the peak infection rate by 30% . – Prevalence based demand delays the peak infection rate by 30 days.



Finding III: Fairness of Market Distribution •



•



When demand is prevalence elastic (top figure), poorer households do not get it because early in the epidemic, prevalence is low; later in the epidemic, when prevalence is high, price increases quickly. When demand is independent of prevalence (bottom figure), more even distribution occurs although poorer households still get a smaller fraction of stockpile while facing a proportionally larger infection rate.



Market regulations should take into account individual behavioral adaptation to achieve a desired trade-off between equity, wastage and epidemic control



Summary



• Synthesize realistic social contact networks using first principles • Disease model can be easily replaced to study other diffusion phenomenon such as spread of information, fads, rumors, etc. • Synthetic populations have been a key to study a range of complex societal problems: contingency planning and response in case of natural or man made disasters, individual behavior and demand modeling, troop readiness for US military etc.



Thank You!
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