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Introduction
VEO (Versatile Emerging Infectious Diseases Observatory) is a five year European project (2020-2025) with about 20 research institutes in twelve countries around Europe with the aim to predict, signal and prevent infectious diseases such as Covid-19 and others to come [1]. The project was rewarded under the EU call ‘Mining big data for early detection of infectious disease threats driven by climate change and other factors’. The project consortium is led by the Dutch Erasmus Medical Centre and includes research institutes on a variety of subjects. Statistics Netherlands is one of the consortium partners, bringing in knowledge on official statistics and (big) data and its legal and ethical considerations.
A key element of the VEO approach is the concept of ‘one health’, indicating that global health is strongly connected with human behaviour, animal health, climate and environmental issues. Therefore an early warning system for emerging diseases has to watch for signals in a wider context. Apart from biodata it is necessary to study contextual (big) data on climate change, farming, animal health, environmental changes, effects of tourism, agriculture practices, but also economical and demographical trends. This is shown graphically in Figure 1. All the surrounding elements have to be studied on indicators of emerging infectious diseases to be included in the VEO monitoring system. Consequently a large variety of data sources have to be taken into consideration. 
[image: 20200904_VEO_OneHealthPNG]
Figure 1: One health approach in VEO
 
Using new data sources
Statistical offices have many years of experience in data discovery and data processing. New data sources have been added next to survey and administrative data as an extra input to the official statistics process. We have learned that the combination of traditional reliable and stable data sources with faster but also more volatile new data sources can result in new indicators. Numerous experimental products have been developed [2]. To help the VEO project discover potential indicators to detect emerging diseases statistics Netherlands actively searched for some – maybe highly experimental but maybe also high potential – use cases. We mention some of the most promising.
Symptom based social media analysis
Social media analysis is a topic that is actively explored by many research projects around the world and within Statistics Netherlands [3]. However, the main concerns about social media as a source for official statistics are the representativity of the subpopulation on social media and the difficulty of correctly interpreting messages.  Statistics Netherlands actively invests in research to both areas. It is on the interpretation of the messages, where Statistics Netherlands investigated within VEO in extracting symptoms of COVID-19 to measure susceptibility in this social media population. Despite the fact that problems concerning the representativity still needs to be solved, the VEO consortium concluded it is worth investigating the value of such instrument for detecting outbreaks. Statistics Netherlands brings in knowledge and experience from former studies on social media analysis. Compared to these earlier projects a more fine-grained approach would be needed where the occurrence of symptoms in messages are taken as a signal for spreads. A VEO result could be a generic and flexible social media analysis engine that can be applied in multiple countries to detect symptoms of newly developing diseases. Work on this idea has started together with VEO partners such as University of Bologna (UNIBO) and the Polytechnical School of Lausanne (EPFL), the latter having experience with social media analysis [4] and annotations using the Crowdbreaks platform [5]. 
Changes in mobility patterns
Mobility is one of the fields where new (big) data sources can be found. Traffic loops are one of the first big data sources integrated into official statistics [6]. Data from mobile Network Operators (MNO) has been used in a privacy respecting way to detect local mobility patterns [7]. Access to public transport data is being explored. In the context of VEO it would be valuable to detect local changes in mobility patterns as early as possible. If multiple households in the same neighbourhood have family members staying home instead of commuting to work, schools or social activities, that might be an indication of a disease spreading. While individuals do not even realize they are part of an evolving epidemic, their joint behaviour could be an important signal. To do this it is necessary to develop a detailed model of regular mobility patterns per type of day and time of year (weekdays weekend, holidays) etc. This is something that fits into the mission of a statistical office anyway in order to provide detailed official statistics on mobility. For VEO goals one could imagine to add a system that detects unexplainable local mobility changes. Ideally such a system would work across multiple countries since epidemics to not respect national borders.
Sewage samples and demography
One of the measures in the Covid-19 crisis is that many countries intensified and improved the sampling of sewage to detect virus spread. Obviously a positive sample does tell something about the people living in the area connected to this particular sampling station. Statistical offices have detailed regional statistics with many population variables. Combining sewage samples with neighbourhood statistics might be valuable to determine whether an infectious disease affects certain subpopulations more than others. Obviously the more detailed the sewage samples are the better the results of such analyses could be. This idea be even more valuable if such analysis could be combined with other measurement data on virus spreads. 
Virus spreading in relation to social network
In an earlier project Statistics Netherlands derived a social network of persons and their relationships from administrative sources [8]. The network contains family relationships, work relationships, people on the same school and people living in the same neighbourhoods. It could be informative to examine how this social network model relates to an infectious disease spreading in reality on an aggregated scale. This can be done by comparing the social network with the actual spreading of earlier outbreaks such as the flue or Covid-19. If it correlates it could be used in future outbreaks to better manage the new epidemic and the measures to be taken locally. 
ELSI
Statistical offices traditionally have good knowledge on ethical, legal and societal implications (ELSI) on the use of survey, administrative data for official statistics. In the last decade this knowledge has been broadened with ELSI aspects of new (big) data sources. VEO partners are specialized in such aspects for medical and biodata. Since the VEO project will use many types of data, linking them together where applicable, Statistics Netherlands assists the consortium on this topic. 

Conclusions
Statistics Netherlands participates in the VEO project targeted at identifying and detecting emerging infectious diseases using biodata and (big) data. Knowledge and experience on big data projects and experimental indicators is applied in the VEO project. Work has been started on the design of a flexible symptom driven social media analysis tool, together with partners actively exploring social media analysis projects. Another idea is to detect changes in local mobility patterns to identify a possible emerging outbreak. A third idea is to combine sewage samples with detailed demographic characteristics to more precisely identify outbreak characteristics. Fourth, it could be informative to use the social network of Dutch population, derived in earlier projects, to study the relation between disease spreading and relationships. In addition to these ideas Statistics Netherlands assists on ELSI aspects. The ideas presented here are in an early stage but we hope they could add to our joint instruments to prevent a next Covid-19-like outbreak.
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