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Figure 1 Framework of emerging infectious disease risk surveillance based on urban contact networks
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Figure 2 Comparison of generated data with census data
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Figure 3 Contact matrices in multiple scenarios
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Figure 5 Infectious disease transmission dynamics with different basic reproduction numbers
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Figure 6 Risk surveillance strategy diagram
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Emerging Infectious Disease Risk Surveillance Based on Urban Contact Networks

XU Mingda', DU Zhanwei’, WANG Zhen’, GAO Chao'

(1. School of Artificial Intelligence, OPtics and ElectroNics (iOPEN) , Northwestern Polytechnical University, Xi’ an 710072, China;
2. School of Public Health, The University of Hong Kong, Hong Kong Special Administrative Region 999077, China; 3. School of Cy-

bersecurity, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract. Given the challenge of limited high-resolution human contact data during the early stages of emerging
infectious disease outbreaks, it is difficult to implement early warning strategies via the global structural
characteristics of contact networks. Multi-source data-driven sentinel surveillance strategies for infectious diseases
were the focuses of this study, and a novel framework for emerging infectious disease risk surveillance based on ur-
ban contact networks was proposed. By integrating multi-source census and survey data, a contact network
reflecting the characteristics of the urban population structure was constructed to simulate the transmission of
emerging infectious disease in specific cities. Based on this, a " one person per household" surveillance strategy
was proposed. This strategy leveraged a small number of selected sentinel samples to achieve near-whole population
coverage for effective risk surveillance, eliminating the need for prior knowledge of the global network structure.
Experimental results demonstrated that during periods of low disease transmissibility ( basic reproduction number of
1.2), the proposed household surveillance strategy performed at the same level to the random surveillance strategy ,
while with lower cost compared with surveillance the whole population. As transmissibility increased ( basic
reproduction number from 2. 0 to 3.0) , the early warning performance of household surveillance strategy ranked the
second only to the most connected strategy, effectively capturing the transmission of emerging infectious diseases.
Notably, it effectively captured the transmission risk of emerging infectious diseases, providing an early warning
time of 1. 03 d(37%) and 0.69 d(53% ) compared with the random surveillance strategy.

Keywords: contact network ; risk surveillance; infectious disease modelling; early warning; big data mining



