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1 INTRODUCTION

Digital health has revolutionised healthcare [1-2], with
implications for understanding public reactions to health
emergencies and interventions [3], while real-time analysis
provides a new opportunity for rapidly detecting changes in
public confidence in vaccines [4, 5, 6]. Medi+board implements
tools for infectious disease surveillance and outbreak
management [7], and the novel aim of the VAC medi+board is
to design an interactive visualisation framework integrating
heterogeneous real-time data streams with social network data,
to meet information needs as articulated by the LSHTM
Vaccine Confidence Project (VCP) investigators.

2 BACKGROUND & RELATED WORK
Social media (SM) allows like-minded people to communicate
rapidly from any location — SM can spread accurate information
about outbreaks [8-9] or propagate false claims [10] that can
undermine vaccination rates [11].

The public health implications of SM have become a popular
research topic [12,13, 14]. However, actionable analysis and of
evolving concerns requires an interactive system, rather than
retrospective case-study analysis. The VAC medi+board
dashboard fulfils two functions: (1) a flexible dashboard
framework provides a visual overview of the news and SM
vaccine debate, and (2) a customisable analysis of the social
network (SN) actively spreading the debate on Twitter.

3 VAC Medi+board INTERACTIVE
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Figure 1. A labelled diagram indicating the design of
different widgets for VAC Medi+Board
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The VAC Medi+board dashboard is a customizable interactive
framework allowing integration of multiple heterogeneous data
streams. Figure 1 shows the modular widgets of the dashboard:
Global time slider selects the period for analysis

Plot showing activity on SM and/or news media over time
League table of top users for selected time period or date
SM user information for user selected in (3)

Data selector to visualise SM activity, news activity, or both
SM network graph of top 1000 users/tweets in time period
Top links/content of tweets selected in (6)

Overlap of community clusters of key influential users (this
functionality is in development)

9. Button to generate a printable report for selected time period
10. Search field allows filtering data by keyword
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3.1 Data Streams

The main information sources for the vaccination debate are SM
and news coverage, though the framework is extensible
allowing plugging-in of any other data streams.

The Twitter Streaming API has been set up to fetch all
tweets in real-time that contain a set of vaccination debate
keywords, pre-defined with domain experts of the VCP. Once
we collect this data, we apply an additional filter using high
frequency keywords expressing negative sentiment identified by
previous studies by the VCP investigators. Currently the main
systems for mining news media in real time include GPHIN!
and MediSys?. For VAC medi+board we have used MediSys,
accessing its regularly updated ‘Vaccination’ RSS feed every
five minutes.

3.2 Implementation and Visualization

The dashboard is implemented as a web application, developed
in Javascript and Node.js. Chart.js has been used for line graph
visualisations and Sigma.js has been used for the network
graphs. MongoDB is on the server-side of our application to
store the SM and news data. The use of dynamic programming
methodologies, incrementally pre-processing as much of the
raw SM data as possible and caching the results, allows real-
time processing and visualisation.

In VAC medi+board there are two different types of network
visualisations - by tweets-as-nodes (“what information is being
spread"), and by users-as-nodes ("who spreads information").
When nodes represent tweets, the size of each node reflects its
retweet count, an estimate of the magnitude of spreading. When
nodes represent users, node size reflects users’ retweet count,
and retweet relationships are denoted by directed edges drawn
from each initial tweeter to each subsequent retweeter. As
default n=1000, we visualise the top 1000 nodes with the
highest retweet count values within the selected time period.

3.3 Demonstration: HPV 3-Month Study

To demonstrate this system, we present data collected over 3
months (the 12th of October 2015 to the 2nd of January 2016)
with special attention given to the recent Human papillomavirus
(HPV) vaccine scare in this period [15]. A total of 875,088

1http://www.who.int/csr/alertresponse/epidemicintelligence/en/
2 http://medusa.jrc.it/MediSys/homeedition/en/home.html
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tweets and 4,020 news articles related to vaccination were
collected in this period, of which 150 news articles and 92,954
tweets referred to HPV. These are plotted over time in Figure 2,
with tweets shown in red and news articles (with scale
multiplied 200-fold for visibility) in green.

Figure 2. HPV-related tweets ’('red) and news articles x200
(green) plotted over time.

Two particularly robust peaks can be observed, which both
relate to real events — one, in Oct 2015, coincides with widely-
discussed incidents in the Colombian town of ElI Carmen de
Bolivar, where hundreds young women experienced fainting
and other side effects after HPV vaccination [5]; another, in Dec
2015, coincides with the publication of an article by a VCP
investigator (HL) advocating for the HPV vaccine, which
attracted both positive and negative reactions on SM. HPV-
related tweets accounted for 15% and 21% of all vaccination-
related tweets in the first and second peaks, respectively,
compared to an average of 11% across the 3-month period.
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Figure 3. An example of the vaccination debate network
graph where the tweets are related to HPV.

Figure 3 shows several HPV debate related clusters within the
vaccination network graph, which users can browse to gain an
in-depth understanding of the interlinked conversations. This is
informative of how information is diffused from one user to
another via the twitter network, and VCP experts confirm that
the range of topics is similar to what is known about the HPV
debate globally through other sources, bolstering the
interpretation of the Twitter discourse as a microcosm of real-
world public perceptions.

4 CONCLUSIONS

The VAC medi+board project is an interactive dashboard
integrating SM discourse on Twitter and news coverage from
the monitoring tool MediSys, covering public debate related to
vaccines. The dashboard visualizes the streams, allows for
drilling down to the top news, tweets, and users, and supports
visualization of SN to investigate information dissemination.
An analysis of HPV-related content confirms that news and
twitter data can help public health experts explore vaccination
phenomena, and that the depictions derived rapidly from these
data are consistent with what is already known about the
domain from traditional qualitative research methods.

Work in progress includes automatic identification of new
emerging themes and analysis of users influenced by the key
influencers, to assess the impact these individuals and
organizations have.
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