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PROJECT SUMMARY 

The availability of rich datasets describing the movements of livestock animals and actions and interactions of 
socio-economic entities (e.g. farms) brings forth both new opportunities and challenges to study livestock 
diseases. These datasets describe the livestock industry as networked system with details at a high resolution, 
often containing geographical, temporal information and metadata. They provide outstanding sources of 
information and knowledge on the livestock industry. High-resolution data, however, do not easily transform 
into knowledge or predictive models, nor lead to intuitive interpretations of observed outbreak dynamics. At the 
same time, current surveillance systems and regulations roll out at the administrative scale, corresponding to 
an a priori static spatial aggregation of the data that often has no relevance to the epidemic dynamics. This 
project will explore network and data reduction techniques to define data aggregations at intermediate scales 
(i.e. to-be-defined regions) in relation with the livestock disease spreading process. This novel scale (region) 
and partition of the space (regionalization) will carry the richness of information of the original data needed to 
describe the disease dynamics, while keeping the data’s relevant patterns for their manageable integration in 
data-driven numerical models. The resulting regionalization will improve our interpretation of livestock outbreak 
data, propose possible improvements for surveillance, and provide a new scale where to roll out newly 
formulated mitigation measures taking advantage of the spatial scale. 

CONTEXT AND NOVELTY BEYOND THE STATE-OF-THE-ART 

The high density of animals in farms and their frequent movements between farms make the livestock industry 
highly susceptible to infectious diseases [1]. These compromise animal welfare, reduce productivity, and may 
represent a threat to human health. Recent experience has shown that the European livestock industry is 
vulnerable to a range of infections, with outbreaks of Lumpy Skin Disease, Bluetongue and Foot-and-Mouth 
Disease highlighting how widely and rapidly pathogenic infections can spread. The recent discovery of 
emerging antimicrobial resistant bacteria persisting in livestock further increased concerns [2]. Plus, old 
infections still persist in some areas of Europe despite important and longstanding eradication efforts (e.g. 
bovine tuberculosis and brucellosis in the southern regions of Italy). Identifying how to best manage 
surveillance, interpret disease data, and improve control is therefore crucial to reduce the risk for animals and 
humans.  

Current practices are based on the administrative partitions of the space (i.e. municipalities, districts, 
provinces, regions) that are used to define the possible presence of the infection, to formally receive the 
disease free status by European authorities, and to assess the epidemic or endemic risk of a given area. The 
highly mobile population of animals however may generate a new aggregation of space into regions 
characterized by a more accurate assessment of the epidemic risk. In the case of livestock diseases, this may 
correspond to the aggregation of farms within given boundaries, defined by the disease spreading process 
itself, that have no relation with the administrative boundaries.  



The advantage of such aggregation will be manifold. First, it will have an important impact on the design of 
computational models for disease spread. The increased availability of large datasets at various scales [3-8] 
has indeed strongly favored the development of increasingly detailed agent-based modeling efforts, with 
however multiple drawbacks: the resulting models become less transparent, more difficult to interpret and 
computationally intensive, preventing a systematic exploration of relevant factors and mechanisms. Second, 
such regionalization may help the interpretation of surveillance data and propose improvements in disease 
monitoring (e.g. increasing sampling in certain areas, or identifying more representative sentinels). Third, it will 
provide a novel spatial definition for a paradigmatically different formulation of risk mitigation measures (e.g. 
through rewiring of movements within each region to increase centralization of the disease outbreak and 
improve control).  

Despite its importance for predictive modeling and its immediate implications for disease surveillance, data 
collection, and outbreak mitigation, the extraction of such regionalization of the space starting from high-
resolution data is still an open problem. 

OBJECTIVES 

This project will consider network and Big Data reduction techniques to extract regions defined on the mobility 
of hosts and the resulting disease dynamics to be used in predictive computational models for livestock 
infections. The resulting regionalization will be used to improve disease surveillance and outbreak mitigation.   

DATA 

The project will use livestock trade data from Italy (2006-2012) [8-10] and from France (2010-2015) available 
to the lab. In each national database, each record reports the ID of the bovine moved, the IDs of the premises 
of origin and destination, and the date of movement. Big Data reduction will be performed with synthetic 
livestock epidemics, and tested against bovine tuberculosis and bovine brucellosis outbreak data in the South 
of Italy [11-12], available to the lab, where the diseases are endemic.  

METHODS 

We will use a temporal network epidemiology approach for the spatial disease spread, through a mathematical 
model based on farm-to-farm transmission due to trade of infected animals, already considered in previous 
work of the lab for disease epidemics in the Italian cattle industry [8,10-11]. We will perform:  
(i) numerical simulations on the high-resolution of the original data of cattle trade movements between farms;  
(ii) numerical simulations of disease transmission from administrative area to administrative area, after simply 
aggregating the cattle trade network from the farm level to the administrative level; 
(ii) numerical simulations of disease transmission from region to region, after having extracted the 
regionalization of the space and having aggregated the cattle trade network from the farm level to the newly 
defined region.  
Approach (i) will be used as benchmark disease data to be compared with the results of (ii) and (iii). Approach 
(ii) will be used to evaluate the efficiency and advantages of the regionalization (approach (iii)) with respect to 
standard practices based on administrative units (approach (ii)). The regionalization will be identified through 
network and data aggregation techniques [13-18].  
Approach (i) will be studied under a range of epidemic contexts (e.g. slow/fast epidemic, highly/poorly 
transmissible disease) to provide an assessment applicable to multiple infectious disease profiles and tested 
for applications to real infections (bovine tuberculosis or bovine brucellosis). Parameterizations of approaches 
(ii) and (iii) will be renormalized based on the expected disease dynamics obtained from (i). 
Finally, we will use the regionalization to test possible interventions, such as the rewiring of cattle trade 
movements within the region to increase the centralization of the disease epidemic for a better control. These 
will consider constraints on the distance (e.g. rewiring only links above a certain distance value) and socio-
behavioral components (e.g. compliance of farmers to adopt the regulation).  

SCHEDULE 

Year 1 
M1-6: Design of node-to-node transmission model; implementation of approach (i) and approach (ii); synthetic 
simulations under a range of epidemic contexts, analysis and interpretation of numerical results. 
M6-12: Regionalization and design of approach (iii); implementation, synthetic simulations of approach (iii) 
under a range of epidemic contexts; analysis and interpretation of numerical results of all models.  
Year 2 
M1-3: Writing of paper #1.  



M3-12: Submission of paper #1; design of interventions through rewiring; synthetic simulations of 
interventions; exploration of spatial and socio-behavioral constraints; analysis and interpretation of numerical 
results; evaluation of intervention; revisions of paper #1.  
Year 3 
M1-3; Writing of paper #2.  
M4-6: Submission of paper #2; writing of the PhD thesis. 
M6-12: Revisions of the PhD thesis; revisions of paper #2; PhD jury composition; evaluation of the PhD thesis 
by the reviewers; preparation of the PhD defense; defense. 

EXPECTED ARTICLES 

Tentative title of paper #1: “Big Data reduction for predictive computational modeling of livestock diseases” 
Tentative title of paper #2: “Manipulations of cattle trade movements to improve regionalization of disease 
outbreaks.” 
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