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spread that idea all across America, so that two years of college becomes as

free and universal in America as high school is today. And I want to work ~ Feal-time engagement distribution on
Twitter for this paragraph

with this Congress, to make sure Americans already burdened with
student loans can reduce their monthly payments, so that student debt

#

doesn’t derail anyone’s dreams.

"‘\F“"
‘ ‘ -
Thanks to Vice President Biden's great work to update our job training . '—i“‘
%

system, we'Te connecting community colleges with local employers to

train workers to fill high-paying jobs like coding, and nursing, and

robotics. Tonight, I'm also asking more businesses to follow the lead of Low Engagerent High Engagenient

companies like CVS and UPS, and offer more educational benefits and Map for #education

paid apprenticeships — opportunities that give workers the chance to earn #ForeignPolicy

higher-paying jobs even if they don't have a higher education. #PublicSafety
#cybersecurity
And : f h th #economy
nd as a new generation of veterans comes home, we owe them every S
opportunity to live the American Dream they helped defend. Already, #energy
#healthcare
we ve made strides towards ensuring that every veteran has access to the #immigration

twitter.github.io/interactive/sotu2015
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digital traces

social media users as “sensors”

real-time streams

geo-referenced information

soclal network context

machine processable textual content

high penetration, good population coverage
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UusSe Cases

* Influenza prevalence

e outbreak investigation

e obesity prevalence

e heart disease mortality

e adverse effects of HIV drug treatment
» spatio-temporal allergy patterns

e vaccination coverage

 mental health

» food poisoning

* \Web-based patient communities



Influenza prevalence vs Twitter-based

Indicators
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J Med Internet Res 15(10), e237 (2013)
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Last updated on: 18 Sep 17:07
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Health News @health_news11 ¥m
Florida expands Zika zone in Miami Beach after five new
cases.. Related Articles: https:/ft.oo/jlAODZ Tulo

1 retweet since 18 Sep 15:30

DesGlobal ([@dspalten 2Tm
#7ika zone triples in #Miami Beach after more cases
found httpa.it.co/ ANVT10V2 |20 farticlel1 02462592 himl
#Flarida
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Reuters Top Mews [DReuters 36m
Florida expands Zika zone in Miami Beach after five new
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Sex ban recommended for British tourists in Florida after
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Surveillance Sans Frontieres: Internet-Based

Emerging Infectious Disease Intelligence and
the HealthMap Project

John 5. Brownstein’, Clark C. Freifeld, Ben Y. Reis, Kenneth D. Mand|

The Opportunity

As developed nations continue to
strengthen their electronic disease
surveillance capacities [1], the parts
of the world that are most vulnerable
to emerging disease threats stll lack
essential public health information
infrastructure [2,3]. The existing
network of traditional surveillance
efforts managed by health ministries,
public health institutes, multinational
agencies, and laboratory and
institutional networks has wide gaps

in geographic coverage and often
suffers from poor and sometimes
suppressed information flow across
national borders [4]. At the same
time, an enormous amount of valuable
information about infectious diseases
is found in Web-accessible information
sources such as discussion sites, disease
reporting networks, and news outlets
[5,6,7]. These resources can support
situational awareness by providing
current, highly local information
about outbreaks, even from areas
relatively invisible to traditional global

Summary Points

« Valuable information about infectious
diseases is found in Web-accessible
information sources such as discussion
forums, mailing lists, government Web
sites, and news outlets.

« Web-based electronic information
sources can play an important role
in early event detection and support
situational awareness by providing
current, highly local information about
outbreaks, even from areas relatively
invisible to traditional global public
health efforts.

« While these sources are potentially
useful, information overload and
difficulties in distinguishing "signal
from noise” pose substantial barriers to
fully utilizing this information.

* HealthMap is a freely accessible,
automated real-time system that
monitors, organizes, integrates, filters,
visualizes, and disseminates online
information about emerging diseases.

« The goal of HealthMap is to deliver
raal-tima intalligence on 3 broad ranae

department visits with acute respiratory
illness [9,10]. This was followed by
media reports of a respiratory disease
among health care workers in February
2003, all captured by the Public

Health Agency of Canada's Global
Fublic Health Intelligence Network
(GPHIN) [10,11,12]. In parallel, online
discussions on the ProMED-mail system
referred to an outbreak in Guangzhou,
well before official government reports
were issued [13].

These Web-based data sources not
only facilitate early outbreak detection,
but also support increasing public
awareness of disease outbreaks prior to
their formal recognition. Through low-
cost and real-time Internet data-mining,
combined with openly available and

Funding: This work was supported by grants
R21LMO09263-01 and ROTLMOO7970-01 from the
National Library of Medicine, the National Institutes
of Health, the Canadian Institutes of Health Research,
and a research grant from Google.org. The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.
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participatory survelillance
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I |nﬂ uweb Dove va l'influenza, diccelo tu.

Statis

Partecipa anche t
Incidenza totale della sindrome

influenzale rilevata dalle Sorveglianze

Influweb & un progetto scie
InfluWeb e Influnet

informazioni sull'influenza
il Paese che riportano il pre
settimana durante tutta la
campagna di raccolta dati
puoi registrarti comunque
rete europea di sorveglian:
reminder settimanale che
raccolta dati.

Incidenza per mille persone

Il meteo dell'influe
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o hai sintomi d'influenza.

Aggiornamenti sull'influenza per
la settimana 15 del 2014

In Italia, |'attivita delle sindromi influenzali &
definitivamente scesa sotto la soglia
epidemica del due per mille, decretando la
conclusione della stagione influenzale
“_WE“"“_' _“EI_IE' tm:li.cesima SEH_i“"“““' I_I guotidiana. Ma non sembra essere
livello di incidenza in quest'ultima settimana giornale, oltre alle previsioni del te
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regioni italiane & terminato il periodo
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citizen as (flu) sensors
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EU-wide participatory survelillance
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Assessing the Online Social Environment for Surveillance of Obesity
Prevalence

Rumi Chunara [E], Lindsay Bouton, John W. Ayers, John S. Brownstein

Published: April 24, 2013 « http://dx.doi.org/10.1371/journal.pone.0061373

Article Comments Related Content

v
R. Chunara et al., PLoS ONE 8(4): e61373 (2013)
Abstract
Introduction Abstract
Methods
Results Background
Discussion Understanding the social environmental around obesity has been limited by available data. One
. ) promising approach used to bridge similar gaps elsewhere is to use passively generated digital
Supporting Information data
Acknowledgments
Author Contributions Purpose
References This article explores the relationship between online social environment via web-based social

networks and population obesity prevalence.

Reader Comments (1)

Media Coverage (0) Methods

Figures We performed a cross-sectional study using linear regression and cross validation to measure

the relationship and predictive performance of user interests on the online social network
Facebook to obesity prevalence in metros across the United States of America (USA) and
neighborhoods within New York City (NYC). The outcomes, proportion of obese and/or
overweight population in USA metros and NYC neighborhoods, were obtained via the Centers
for Disease Control and Prevention Behavioral Risk Factor Surveillance and NYC EpiQuery
systems. Predictors were geographically specific proportion of users with activity-related and
sedentary-related interests on Facebook.



obesity Interest in activity

more obese middle less obese less interest middle more interest
or overweight 25% or overweight in activity 25% in activity
Disease Control and Prevention’s Behavioral Facebook likes
Risk Factor Surveillance System (BRFSS) on pages in the categories
+ “health and wellness”,
Selected Metropolitan/Micropolitan Area “outdoor fitness activities”,

Risk Trends (SMART) “television”



obesity prevalence vs Facebook-based indicators
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Predicting Postpartum Changes in
Emotion and Behavior via Social Media

Munmun De Choudhury Scott Counts Eric Horvitz

Microsoft Research, One Microsoft Way, Redmond WA 98052
{munmund, counts, horvitz } @microsoft.com
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M. De Choudhury et al., Proc. SIGCHI 2013
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Can Twitter Be a Source of Information on Allergy? Correlation of
Pollen Counts with Tweets Reporting Symptoms of Allergic 408 7
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Rhinoconjunctivitis and Names of Antihistamine Drugs

Francesco Gesualdo [@], Giovanni Stilo, Angelo D'Ambrosio, Emanuela Carloni, Elisabetta Pandolfi, Paola Velardi,
Alessandro Fiocchi, Alberto E. Tozzi
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Abstract W) CrossMark
Intreduction Abstract
Materials and Methods

Subject Areas 0
Pollen forecasts are in use everywhere to inform therapeutic decisions for patients with allergic

Results rhinoconjunctivitis (ARC). We exploited data derived from Twitter in order to identify tweets Twitter
Di . reporting a combination of symptoms consistent with a case definition of ARC and those
ISCUsSsIon , . . . s Pollen
reporting the name of an antihistamine drug. In order to increase the sensitivity of the system,
Supporting Information we applied an algorithm aimed at automatically identifying jargon expressions related to Allerai
Acknowisdgments medical terms. We compared weekly Twitter trends with National Allergy Bureau weekly pollen
counts derived from US stations, and found a high correlation of the sum of the total pollen Latitude
Author Contributions counts from each stations with tweets reporting ARC symptoms (Pearson’s correlation
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allergy patterns in the US
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Adverse Effects of HIV Drug Treatment
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Adverse Effects of HIV Drug Treatment

Initial Dataset taken from Sep 2010 - Aug 2013

. 40 M tweets
: containing the following keywords:
: Sustiva Epivir Norvir
g Stocrin Retrovir Kaletra
g Viread Viramune Isentress
s FIC Edurant Tivicay
¥ Ziagen Prezista Atripla
" 3TC Reyataz Trizivir
v >
Y Tokenization
BN 1.8 M tweets
A 4
Y Removing tweets with “FTC”
M .3 M tweets
v

Y Removing tweets with “t.co”, “bit.ly”, “HIV %”
§ 94 k tweets

¢

Y Removing tweets with “http”, “news”, “buy”
I 60 k tweets

v

Y Removing tweets in other languages
| 37 k tweets

Truvada HIV treatment
Combivir HIV drug

Kivexa anti-hiv

Epzicom triple therapy hiv
Complera anti hiv

Stribild

If words in tweet do not match keywords,
we discard tweet

Large bias towards references to Federal
Trade Commission

Statistical Sampling
tweets removed based on annotated
random samples of tweets
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Adverse Effects of HIV Drug Treatment

“[...] we found a surprisingly large
proportion of reports of drug toxicity, a
high level of precision on drug-specific
effects, and a general negative
perception of treatment. We believe that
monitoring of social media will be
iInformative for the field, and broadly
applicable to the surveillance of other
therapies with long duration of use,
even for those targeted at diseases that
are associated with considerable
stigma.”

C. Adrover et al., IMIR Public Health Survelll 2015;1(2):e7
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Assessing Vaccination Sentiments with Online Social

Media: Implications for Infectious Disease Dynamics and
Control

Marcel Salathé*, Shashank Khandelwal

Center for Infectious Disease Dynamics, Department of Biology, Penn State University, University Park, Pennsylvania, United States of America

Abstract

There is great interest in the dynamics of health behaviors in social networks and how they affect collective public health
outcomes, but measuring population health behaviors over time and space requires substantial resources. Here, we use
publicly available data from 101,853 users of online social media collected over a time period of almost six months to
measure the spatio-temporal sentiment towards a new vaccine. We validated our approach by identifying a strong
correlation between sentiments expressed online and CDC-estimated vaccination rates by region. Analysis of the network of
opinionated users showed that information flows more often between users who share the same sentiments - and less
often between users who do not share the same sentiments - than expected by chance alone. We also found that most
communities are dominated by either positive or negative sentiments towards the novel vaccine. Simulations of infectious
disease transmission show that if clusters of negative vaccine sentiments lead to clusters of unprotected individuals, the
likelihood of disease outbreaks is greatly increased. Online social media provide unprecedented access to data allowing for
inexpensive and efficient tools to identify target areas for intervention efforts and to evaluate their effectiveness.
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Twitter sentiment vs vaccination coverage
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Live better, together!™

Making healthcare better for everyone through sharing, support, and research

Join now
(it's free!)
Learn from others 2 %  Connect with people like you Track your health
Compare treatments, symptoms and Share your experience, give and get Chart your health over time and
experiences with people like you and support to improve your life and the contribute to research that can
take control of your health lives of others advance medicine for all

www.patientslikeme.com
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PatientsLikeMe and the FDA Sign Research
Collaboration Agreement

patientshikeme

WASHINGTON D.C., June 15, 2015-PatientsLikeMe and the U.5. Food and Drug Administration (FDA) have
signed a research collaboration agreement to determine how patient-reported data can give new insights into
drug safety. Under the collaboration, PatientsLikeMe and the FDA will systematically explore the potential of
patient-generated data to inform regulatory review activities related to risk assessment and risk management. The
announcement was made at the start of the Drug Information Association's (DIA) annual meeting in Washington
D.C.

PatientsLikeMe Co-Founder and President Ben Heywood said the agreement is an unprecedented step toward
enhancing post-market surveillance and informing regulatory science. "Most clinical trials only represent the
experience of several hundred or at most several thousand patients, making it impossible to anticipate all the
potential side effects of drugs in the real world. Patient-generated data give a more complete picture about a
drug's safety by providing a window into patients' lives and healthcare experiences over time. We're very
encouraged by the FDA's action to evaluate newer sources of data to help identify benefits and risks earlier.”

w______'" e —

“[...] The company’s drug safety initiatives began in 2008 with a pilot program
that allowed patients living with Multiple Sclerosis (MS) to report adverse events
directly to the FDA. One year later the company launched the first drug safety
platform on social media, enabling industry partners to meet their regulatory
obligations. In all, PatientsLikeMe has collected more than 110,000 adverse
event reports on 1,000 different medications, data that the FDA will now be able
to access and analyze as a supplement to traditional sources [...]"
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