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Context and aims 

The massive interconnectivity among world regions and modern human mobility increase the risk of exposure of 

individuals to infectious diseases and let old and new viruses circulate faster. Many studies elucidated the role of 

human mobility on the global spread of infections1. However, the complexity of the interactions between infection 

natural history, environmental factors, human mobility and countries’ response to the epidemic presents fundamental 

issues that still require elucidation.  

In this project, we plan on using automated learning techniques, especially Bayesian networks, to disentangle the 

relative roles of various factors on the global spread of infectious diseases. This approach will lead to the possibility 

of counterfactual analysis to help quantify how the structure of the global transportation network and its time-

variation drive the global spread. Two case studies of high epidemiological relevance will be studied: the global 

circulation of seasonal influenza and the emergence and worldwide spread of COVID-19.  

 

Scientific questions 

Influenza. Influenza virus (IV) continues causing major medical burden and societal and economic costs. An important 

obstacle to the mitigation of the disease is provided by the complex ecology of the virus. Currently, four subtypes 

(strains) co-circulate (A/H1N1pdm, A/H3N2, B/Victoria, B/Yamagata) with relative proportion highly variable in time 

and space. Seasonal patterns are altered, occasionally, by pandemic events where new strains are introduced in the 

human population – e.g. A/H1N1pdm, emerged in 2009. The unpredictability of strains (co-)dominance patterns poses 

a major limit to preparedness, intervention design and vaccination. Strains differ in epidemic impact and population 

targeted by the virus. For instance, A/H3N2 epidemics have usually higher morbidity and mortality and hit more 

severely elderlies2,3, A/H1N1/09 and B, on the other hand, have a stronger impact on the young population4. A 

combination of local and global factors determines the (co-)dominant subtype in a given country and season: notably 

the population immunity and history of past epidemics in the country, and the coupling with seasonal epidemics in 
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other countries mediated by the international human mobility network (especially flight network). The relevance of 

these two factors and their relative role is unknow and has been never investigated before. 

COVID-19. The current COVID-19 outbreak has shown its dramatic potential to rapidly develop into a global 

infectious disease event. At the early stage of the pandemic, the global dissemination was mediated by international 

air travel. Numerous studies, indeed, showed a high correlation between air flows and the epidemic onset in countries 

and regions5. These studies used data of 2019, thus failed to capture the massive disruption of the network occurring 

starting February 2020 due to the extensive flight cancellations by companies and government authorities – at the 

beginning of April a drop of 70% of the global commercial traffic has been registered. The interdependence between 

such a massive reaction and the epidemic unfolding has not been investigated yet. Travel restrictions are still largely 

debated. Even if their effect has been shown to be weak by many studies it may still be enough to produce a delay 

useful to enhance countries preparedness6. For the case of COVID19 pandemic, travel restrictions started at the 

beginning of February, where ~25 were infected. Still, almost all countries are reached by the virus by now. The 

quantification of the effect of travel restrictions on global COVID-19 propagation would fundamental to improve 

future response to emerging pathogen events. This requires analyzing how the epidemic spread has affected the 

response and travel restrictions and vice-versa.  

Data and Methods  

We plan on using Dynamical Baysian Networks (DBN)7–9 as a framework for analyzing time-series. Such a technique, 

has been successfully used to learn gene regulatory networks, capturing relationships among variables of different 

nature (e.g. linear, non-linear, combinatorial, stochastic and other type of relationships). It was recently applied to 

outbreak analysis with the goal of integrating different data streams and extract from them early warning signals 

for the real-time surveillance and forecast. We will use it here to assess complex interdependences in the global 

infection dynamics. All data are either already available to the team or provided by open sources. 

Influenza. The student will analyze global influenza data with the goal of characterizing the patterns of subtypes 

(co-)dominance at the country level and establish their association with possible sociodemographic and environmental 

factors. The project will rely on the following data:  

 FluNet data: an open-source web-based data reporting platform established in 1995 

(www.who.int/influenza/gisrs_laboratory/flunet/en/). For each country, data available are weekly number of 

specimens tested for IV and the number testing positive subdivided in A/H1N1pdm, A/H3N2, A/H1N1 (pre-

pandemic strain), A/H5N1, A (non subtyped), B/Victoria, B/Yamagata, B (lineage not determined). Countries 

currently represented in the dataset are around 15010;  

 Population distribution worldwide obtained from SEDAC, Columbia University 

(http://sedac.ciesin.columbia.edu/gpw). The spatial resolution is ~ 25 Km  25 Km11;  

 International Air-transportation data from IATA (www.iata.org), accounting for the 99 % of the global 

commercial traffic. It consists in annual origin-destination fluxes among ~3400 airports worldwide years 

2003, 2013, 2019;  

 Data on weather and climate: different sources will be compared. For climate, possible sources are WorldClim 

(www.worldclim.org), Current Datasets and Static Climatologies (https://crudata.uea.ac.uk/cru/data/hrg/). 

For weather: Weather Underground (https://www.wunderground.com/), and the National Oceanic and 

Atmospheric Administration Global Surface Summary of the Day (ftp://ftp.ncdc.noaa.gov/pub/data/gsod).  

Time-series will be extracted for each country by computing quantities from FluNet data and aggregating them 

differently in time (weekly, monthly, annually). Quantities such as proportion of positive specimens or subtype 

relative proportion will be considered. Collected data on socio-environmental factors will be aggregated at the same 

spatiotemporal level as FluNet observables. In a preliminary analysis, we will combine techniques such as motif 

analysis12 and clustering13 to identify patterns in the data and quantify the level of predictability of the time series. 

Then we will use DBN to assess the causal relationship between the observable time series in different countries 

assuming different time lags. Epidemics in different countries can be interrelated (e.g. coupled by mobility fluxes); 
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on the other hand, the characteristics of an epidemic can be affected by the history of past epidemics occurring in 

the same territory (e.g. due to waning of immunity or cross immunity). DBN can quantify the relative contribution of 

these effects. Epidemiological time-series can also be tested for dependence with the socio-environmental factors. 

Causal links between local climate, weather, demography and mobility will be assessed.  

COVID-19. the student will analyse the global spread of COVID-19 to unravel the interdependence between the 

air-transportation network and the epidemic spatial spread. The project will be based on the following data:  

 COVID-19 incidence for all countries, Chinese Provinces and US states are provided by the Johns Hopkins 

Center for Systems Science and Engineering, 

https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9e

cf6 

 IATA (www.iata.org), for 2019 and 2020 across all commercial airports worldwide at weekly temporal 

resolution.  

 Intervention measured adopted by different countries provided by Complexity Science Hub Covid-19 Control 

Strategies List https://github.com/amel-github/covid19-interventionmeasures 

Incidence time-series will be extracted for each country or region. Transportation flows will be aggregated at the 

same spatial level than incidence data. While in a normal situation the mobility coupling is stationary (or fairly 

stationary), the traveling flows between countries and regions changed with time in response to the COVID-19 

outbreak. The flight reductions to/from regions may have changed with local and global incidence, and vice versa. 

We will use an analysis based on a mechanistic model of invasion (described in14) and enrich it with automated learning 

using suitable DBN approaches. Counterfactual analyses of the change in transportation network will help quantify 

the impact of decisions on the actual spread of diseases. 

Project timeline: flu data collection and time series extraction (M 0-1); DBN analysis of (co-)dominance patterns (M 

1-10); paper 1 writing (M 10-13); COVID-19 data collection and time series extraction (M13-14); DBN analysis (M 14-

24); paper 2 writing (M 24-27); papers’ revisions and thesis writing (M 27-36) 

Expected output: Two papers on the use DBN applied to influenza and COVID-19. 
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