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Social media monitoring
Social media provide an opportunity for extracting
useful information:
- Sociology
- Marketing
- Digital health
- News

In real time
Integration between topics and users

NOTE: not a random sampling (biased by age, 
cultural background, …) but in many cases reliable



Social media & queries

Social media (eg Twitter) can be queried to extract
specific information:
- Users (profiling)
- Keywords (topics)
- Metadata (location, time, #followers)

Huge volumes of data (eg 12.8M IT Twitter users) 
typically provides enough statistics for data analytics



VEO - Versatile Emerging infectious disease Observatory
www.veo-europe.eu twitter - @EuropeVeo

Analisi network di twitter
• Eu VEO - Versatile Emerging infectious disease Observatory  
• Digital health: device elettronici; temi sociali relativi alla salute     
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OBJECTIVE 1 – TO DEVELOP AND OPERATE THE VEO DATA PLATFORM  
The VEO data platform will support rapid mining, sharing, integration, presentation and analysis of traditional 
and novel ‘Bio data’ with a choice of “Contextual data”,  integrating publicly available and confidential data. 
This objective deals with developing new infrastructure to be able to handle, search, integrate and analyse the diverse 
data types of relevance to this 
project (see Figure 3). 

 
 

 

Figure. 2:  Overview of the envisaged VEO system, enabling handling, integration and analysis of currently used biodata 
data (light grey box)) and various novel ‘non-traditional’ contextual data sets (dark blue box, top left) for forecasting, 
nowcasting and tracking of changes in key global drivers of EID emergence and generating actionable information for 
early warning, risk assessment and monitoring of EID threats. Numbers 1-7 refer to the VEO project objectives. 
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VEO Analytical Platform 
(based on Kooplex)Figure 3: The VEO system will support 

rapid sharing, integration, 
presentation, and analysis of pathogen 
and health “biodata”( Table 1.1.1), 
building from the datahub model 
developed under the COMPARE 
project as part of core European 
infrastructure linked to the European 
Bioinformatics Institute (EBI). VEO 
will support integration of “contextual 
data” through a searchable registry to 
track external datasets (WP1, VEO 
Data Platform), and through search 
and packaging tools that will allow 
users to prepare datasets for data 
mining and further analytical 
operations (WP2, VEO Analytical 
platform).  

     

VEO 16 

To ensure that the technologies developed 
in the project meet concrete demands of the 
key public health and research actors in 
Europe, combined toolbox and data mining 
infrastructure will be developed around 5 
complementary use-case scenarios. 
These 5 use-case scenarios are 
complementary in terms of pathogens, 
hosts, transmission routes (e.g., vector, 
respiratory, feco-oral) and stage of 
emergence (e.g., circulating in animals to 
sustained human-to-human transmission). 
They serve three purposes in the project: (i) 
they articulate needs and provide concrete 
demands for new technologies and 
workflows for generating, pooling, 
accessing, analysing, presenting and 
sharing of relevant data, including next 
generation sequencing, (ii) they test and 
validate these technologies and workflows 
and (iii) they support the realisation of the 
expected impact on early warning, risk 
assessment and monitoring of EID threats 
in Europe by the key public health, clinical 
and pre-clinical research actors. In each use-case several of our partners from different disciplinary backgrounds 
collaborate with citizens and with external stakeholders, making use of different complementary sources of data (e.g., 
research data, public health data and non-traditional data sources) and integrating different complementary types of 
data (e.g., sequence, clinical, lab. data, climate data).  
 
Our approach is to bring together data experts and disease expertise to develop a common data repository, set-up 
collaborative workspaces for data analysis and tool development, and challenge these by working through specific 
use-case scenarios reflecting the main routes by which new diseases could emerge in Europe and globally. The tools 
will address the generation and use of both “biodata” and “contextual data”, as defined in Table 1.1.1. Through joint 
scoping workshops, key needs for all tool developers will be defined through use case scenarios, in which disease 
experts review the disease threats, and challenges in preparedness, and developers explain the potential solutions 
from their areas of expertise to develop a joint workplan to work towards prediction and early detection.  
 
A key output of the mining of contextual data on drivers for disease emergence and spread will be the identification 
of regions where the risk of emergence or circulation is greatest. Each use case scenario has defined specific studies 
to follow-up on these signals, in order to validate findings, or provide feedback for model adaptation. The targeted 
field studies also serve to test fieldable metagenomic sequencing and protein-array-based host susceptibility profiling 
to provide essential data for further tool development. A key output of all use case scenario’s is translation of the 
findings into publicly accessible reports that also provide access to the underlying data and software. Where possible, 
these reports will include intuitive and interactive visualisation to attract a wide range of stakeholders.     
 

C. Ethical, Legal and Societal perspective: - what are we allowed, and what are we – as a society - willing to 
do to improve the preparedness for EID? – covered by objectives 6 and  7 

The exploration, (re-)use of public and private data, and integration of data from multiple sources for new analyses 
raises important questions about potential negative effects which would inhibit the realisation of the expected impact 
of VEO on EID and AMR preparedness and response. The data quality and availability, either in public or protected 
repositories, determine highly the juridical status and feasibility of aggregating big data collections. The European 
Union differs notably from most other countries and regions with respect to data handling due to the General Data 
Protection Regulation (GDPR 2016/679/EU) and the Database Directive (96/9/EC) as a special interpretation of the 
WTO TRIPS Agreement. Moreover, although working under the same global or European umbrella, these rules and 
regulations may be interpreted differently between countries or regions; such differences in interpretation of for 
instance data protection laws, Nagoya protocol, definitions of open access, and use of social media fundamentally 
impact on the potential for data integration and re-use. These ethical, legal and societal implications (ELSI) are 
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Retweet network:
350 M tweets (jan-jun 2020)
23 M users and 176 M edges
15 user communities
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Clusters of science and health 
related Twitter users become more 
isolated during the COVID‑19 
pandemic
Francesco Durazzi1,3*, Martin Müller2,3, Marcel Salathé2 & Daniel Remondini1

COVID‑19 represents the most severe global crisis to date whose public conversation can be studied in 
real time. To do so, we use a data set of over 350 million tweets and retweets posted by over 26 million 
English speaking Twitter users from January 13 to June 7, 2020. We characterize the retweet network 
to identify spontaneous clustering of users and the evolution of their interaction over time in relation 
to the pandemic’s emergence. We identify several stable clusters (super‑communities), and are able 
to link them to international groups mainly involved in science and health topics, national elites, 
and political actors. The science‑ and health‑related super‑community received disproportionate 
attention early on during the pandemic, and was leading the discussion at the time. However, as the 
pandemic unfolded, the attention shifted towards both national elites and political actors, paralleled 
by the introduction of country‑specific containment measures and the growing politicization of the 
debate. Scientific super‑community remained present in the discussion, but experienced less reach 
and became more isolated within the network. Overall, the emerging network communities are 
characterized by an increased self‑amplification and polarization. This makes it generally harder for 
information from international health organizations or scientific authorities to directly reach a broad 
audience through Twitter for prolonged time. These results may have implications for information 
dissemination along the unfolding of long‑term events like epidemic diseases on a world‑wide scale.

Twitter has been widely used as a tool for emergency response in previous crises and disasters and a large body 
of work has focused on optimizing communication in order to adjust or nudge human behaviour under such 
 conditions1–4. Research !nds that during a time of crisis, when information is scarce and heavily sought a"er, 
social media enables the critical #ow of information due to its collaborative  nature5,6. However, the underlying 
network and community structure is likely to have a signi!cant in#uence over which information users are 
exposed  to7–9. In particular, retweet interactions have been shown to re#ect real-life community structure, such as 
political  parties10, and to characterize the information sharing dynamics of di$erent clusters of  users11. Likewise, 
communities of users sharing misleading news tend to be more connected and  clustered12. Also tweet replies 
and quotes allow the reconstruction of a network structure, but the meaning and stance of these links is more 
ambiguous as compared to retweets, which typically imply agreement with or validation of the original  message13.

%e structure of such information networks has been assessed in various disease outbreak scenarios, most 
prominently in the context of the Zika virus outbreak 2015–2016 in the  US14. Among other !ndings the work 
suggests that key international experts acted as “boundary spanners”, who were able to spread information 
quickly through the network. Even though it has been observed that false information travels faster in social 
 networks15–17, the work !nds that Twitter users have made e$orts to di$use reliable information by such key 
experts. Related work demonstrates how the association between the geographical location of users dictates topics 
of conversations, thereby matching the temporal and geographical spread of the Zika  outbreak18.

Previously listed work allows for anecdotal evidence of crisis-induced behaviour on social media, but com-
pared to the COVID-19 crisis the events were (1) shorter in time scale (2) more localized and (3) orders of 
magnitude smaller in terms of analyzed data. As the virus spread across the world within only a few weeks, 
Twitter became the primary news source among expert groups and medical personnel. Reliable sources, such 
as peer-reviewed literature or other o&cially vetted channels, were simply too slow to be useful during this 

OPEN

1Department of Astronomy and Physics (DIFA), University of Bologna, 40127 Bologna, Italy. 2Digital Epidemiology 
Lab, Ecole polytechnique fédérale de Lausanne (EPFL), 1202 Geneva, Switzerland. 3These  authors  contributed 
equally: Francesco Durazzi and Martin Müller. *email: francesco.durazzi2@unibo.it

COVID debate during the first wave
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Artificial Intelligence: user classification (topics of interest)
4 super-communities



Attention shifts: from experts to "politics"
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i.e. the weighted out-degree of super-community i, normalized by its size. !e international sci-health super-
community faces an increase in average attention per user in January and stabilizes at a higher level compared to 
other super-communities until the beginning of March. A"er a narrow peak in March, the political super-com-
munity plateaus in April at roughly three times the attention level of national elites and international sci-health.

We then split the total attention, i.e. the sum of all weighted edges W, for each super-community i into an 
internal and external component for every weekly network:

!e external component aexti  represents the attention given to super-community i from the other super-com-
munities, while the internal component ainti  quanti#es self-ampli#cation. Figure$4d shows that the external 
attention component is decreasing overall, indicating a decrease in attention between super-communities. !is 
is particularly true for the international sci-health super-community, which received broad attention in the very 
beginning of the pandemic, peaking again in mid-February, and then decaying in a monotonic way until the end 
of our sampling, while the pandemic was spreading to all the countries worldwide.

Figure$4e shows that the internal attention component is increasing overall, highlighting an increased self-
ampli#cation within the network. We observe that this increase is mostly driven by the political super-community 
and to a lesser degree by the national elites, suggesting also an increase of political polarization within the 
retweets network, at the poles of which the antagonistic political communities lie. !e international sci-health 
super-community, on the other hand, decreased internal sharing of content a"er March. Overall, we note that 
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Figure!4.  Evolution of weekly aggregated networks by super-community, with dotted lines corresponding 
to the statistics across all users. (A) Diagram representing the networks collapsed to the super-community 
level. Edge direction represents the %ow of information via retweets, i.e. from retweeted to retweeting super-
community. (B) Size of the super-communities in terms of number of users. (C) Average attention per user. 
(D) External component of the attention toward super-communities. (E) Internal component of the attention 
toward super-communities. Indicated as a and b are the #rst and second peak in terms of network size, as shown 
in Fig.$4b.

Evolution over time



Vaccine perception in Italy

~1M tweets (”vaccin-” stem, oct20-jan21)
Network (link >2 retweet): 33k nodes, 147k links

Gori, Remondini, et al. Vaccines 2021 9(2)
OBVIOUS - site.unibo.it/obvious
(UniBO, Humanitas, GSK, WHO)



COVID symptoms & inpatient prediction

7618 public Italian tweets (oct 20 – jan 21)
Regression model for hospitalization prediction

hBK2 b2`B2b

6B;m`2, x@bi�M/�`/Bb2/ iBK2 b2`B2b Q7 M2r ?QbTBi�HBb�iBQMb- �HH ir22ib- i`m2
bvKTiQKb �M/ BM/BpB/m�H i`m2 bvKTiQKbX

GBM2�` `2;`2bbBQM, T`2/B+iBQM Q7 M2r ?QbTBi�HBb�iBQMb 7`QK
bvKTiQKb ir22ib v̂ = ✓̂y + ✓̂RtF

I LQM bi�iBQM�`v `2H�iBQMb?BT #2ir22M BMTmi �M/ QmiTmi !
`�M/QK bTHBi BM i`�BMBM; b2i Ud8WV �M/ p�HB/�iBQM b2i

I _2bmHib 7Q` bQ`2 i?`Q�i ir22ib, v̂ = (3y3± k8)+ (9k.N± R.R)tb

"true" vs "unfiltered" symptoms
Similar performance



Social media for tourism

- Feedback to events and actions

- Aggregated user: "which tourist tweets what?"

- Keyword search: trending topics

- Relation with other info (eg mobility)

- Sentiment analysis: tweet content



The case of Rimini: a survey

- Keywords: “rimini”
- Period: 21/5/2021 – 26/12/2022
- 90K tweets + 90K retweets
- 66K users



24/08: "Meeting per l’amicizia"
11/09: crime news event

most frequent words
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