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| Goals

 Build a publicly available online tool to facilitate real-time
monitoring of vaccine confidence

* To be used by public health professionals
» Assess utility of the tool



Technology

Analyzing social media relies on machine- and human-dependent processes.
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Improve data tools for efficiency
Natural language processing (NLP) and machine learning
tools can assist in reducing human burden.
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|Applications of Core Technology

Domains:
infectious disease,
drug side effect,
vaccine sentiment,
hospital sentiment,
supply chain issues

mainstream news,
social media,
publications,
crowdsourced

Geography:
global coverage,
experience in 15

languages

Output:
real-time dashboard,
data API,

periodic report




| Application: Vaccine Sentimeter

Domain:
sentiment towards mainstream media,
vaccines social media
Geography:

Output:
real-time dashboard,
periodic report

global coverage,
in English, Spanish,
and French
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if you'd ever HAD shingles, you'd realize that
death isn't that bad of an option... Avoid this
hell with the shingles vax|#vaccineswork
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would NOT recommend| the new meningitis

vaccine literally|cannot move arm|without

wanting to cry

Sentiment =-0.875



Categories

= AEFI (Autism, death, general, Immune System, Mild, Miscarriage, Narcolepsy, Neurological
damage, Paralysis, Fertility, Fever, Seizures...)

= Beliefs (Conspiracy theory, Philosophical, Religious, Socio-cultural)

= Contamination

= Cost

= Disease Burden

= High Profile Individual

= Lack of Awareness/Information

= Mass campaign

= Motives (Business, Political)

= New product

= Qutbreaks

= Programmatic error/issue/conflict

= Recommendations (by HCW, by health organization, by journalist, by lay person, by parent,
by religious leader)

= Supply

= Vaccine refusals

Larson et al. Lancet. May 2013
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Date

2014-11-21

2014-11-18

2014-11-10

2014-11-19

2014-11-20

2014-11-14

2014-11-24

2014-11-19

Summary -

"Robbed of Their Womanhood”: Teens
After Human Papillomavirus (HPV ... -
Center for Research on Globalization

They've Been Robbed of Their
Womanhood Local Milwaukee ...

Mass sterilization: Kenyan Doctors Find
Anti-fertility Agent in UN ...

Zoster Vaccination in Patients with
Rheumatoid Arthritis: Time to Change
the ... - HCPLive

Yemen concludes children's vaccination
campaign - Al-Shorfa

Yellow Fever Vaccine - Only One Dose
Required for Immunity - AllAfrica.com

WSU students asked to have mumps
vaccination - KXLY Spokane

Wrangling over life-saving meningitis
vaccine may cost hundreds of children's
lives - The Independent

Vaccine

HPV

HPV

Tetanus/NOS

Shingles

Measles/NOS,
Rubella/NOS,
Polio/NOS

Yellow Fever

MMR

Meningococcal

Category

AEFI| - Fertility

AEFI - Fertility, AEFI -
General, Motives -
Business, Beliefs -
Conspiracy theory

Beliefs - Conspiracy
theory, Beliefs -
Religious, Fertility,
Programmatic
Error/Issue/Conflict

Research,
Recommendation by
HCW

Mass Campaign,
Strategy - Delivery

Recommendation -
Policy, Vaccine
Effectiveness

Recommendation by
HCW

Programmatic
Error/Issue/Conflict,
New Product,
Recommendation -
Policy, Cost

Sentiment

Negative

Negative

Negative

Positive

Positive

Positive

Positive

Positive

Location

United States

United States

Kenya

United States

Yemen

Cameroon

Washington State,
United States

United Kingdom



Vaccination conversations on Twitter are visualized
by mentions and sentiment trends over time
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Uptick in mentions and positive sentiment attributed to Meningitis Now campaign

Meningitis Now calls on Government to stop
vaccine delay

Stroud MP Neil Carmichael with Meningitis Now Young
Ambassadors Chloe Stuart and Mollie Gobey from Bridgewater in
Somerset




Public perception of HPV vaccine is captured in
high # mentions and in high % of negative sentiment
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ATTITUDES TOWARD VACCINATION

By Chi Y. Bahk, Melissa Cumming, Louisa Paushter, Lawrence C. Madoff, Angus Thomson, and
John S. Brownstein

Publicly Available Online Tool
Facilitates Real-Time Monitoring
Of Vaccine Conversations And
Sentiments

ABSTRACT Real-time monitoring of mainstream and social media can
inform public health practitioners and policy makers about vaccine
sentiment and hesitancy. We describe a publicly available platform for
monitoring vaccination-related content, called the Vaccine Sentimeter.
With automated data collection from 100,000 mainstream media sources
and Twitter, natural-language processing for automated filtering, and
manual curation to ensure accuracy, the Vaccine Sentimeter offers a
global real-time view of vaccination conversations online. To assess the
system’s utility, we followed two events: polio vaccination in Pakistan
after a news story about a Central Intelligence Agency vaccination ruse
and subsequent attacks on health care workers, and a controversial
episode in a television program about adverse events following human
papillomavirus vaccination. For both events, increased online activity was
detected and characterized. For the first event, Twitter response to the
attacks on health care workers decreased drastically after the first attack,
in contrast to mainstream media coverage. For the second event, the
mainstream and social media response was largely positive about the HPV
vaccine, but antivaccine conversations persisted longer than the
provaccine reaction. Using the Vaccine Sentimeter could enable public
health professionals to detect increased online activity or sudden shifts in
sentiment that could affect vaccination uptake.




| Two Cases Studies

1. July 11, 2011 publication of a story in the Guardian, a British national
daily newspaper, about a fake vaccination campaign orchestrated by

the CIA in Pakistan

» VS data from May 2012 to May 2014
* 5,964 relevant mainstream media reports and 39,308 relevant tweets

the guardian Saeed Shah in Abbottabad

Monday 11 July 2011 14.59 EDT

CIA organised fake vaccination drive to get

Osama bin Laden's family DNA

Bahk et al. Health Affairs. Feb 2016



EXHIBIT 1

Mainstream Articles And Tweets About Polio Vaccine In Pakistan Per Month, May 2012-May 2014
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Jun 2012 The Taliban bans polio vaccination in two regions of Pakistan, citing the CIA and

Dec 2012

May 2013
Jun 2013

Oct 2013
Nov 2013

Dr. Shakil Afridi as well as US drone strikes

Eight polio workers killed in Karachi and Peshawar, Pakistan

Two polio workers shot, one of them in Peshawar
Two polio workers shot dead in Swabi District, Pakistan

Bomb blast kills 2 and injures 13 polio workers on the outskirts of Peshawar
Eleven teachers involved in polio campaign kidnapped by militants in the Khyber
region (northwest Pakistan)

Jan 2014 Three polio workers killed in separate attack in Karachi; six policemen assigned to

Mar 2014
May 2014

guard polio workers killed in bomb attack in Northern Pakistan

Eleven polio workers killed in militant ambush in Khyber Agency (northwest Pakistan)
US announces that it will no longer consider using a vaccination ruse in covert
operations; WHO requires proof of polio vaccination before travel to or from Pakistan

source Vaccine Sentimeter (Note 4 in text). NoTes Twitter data for May-September 2012 were unavailable. CIA is Central Intelligence
Agency. WHO is World Health Organization.

Bahk et al. Health Affairs. Feb 2016



| Two Cases Studies
HPV

: VACCINE
2. December 4, 2013 episode of CONTROVERSY ||

Katie, the US television
personality Katie Couric’s show
on the ABC network, titled “HPV
Vaccine Controversy”

» VS data from November 2013 to
Jan 2014

160 relevant mainstream media
reports and 1,534 tweets

Bahk et al. Health Affairs. Feb 2016



EXHIBIT 2
e

Mainstream Articles And Tweets About Human Papillomavirus (HPV) Vaccine Per Week, August 2013-July 2014
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CDCreports that doctors should encourage HPV vaccination more

Research finds that one dose may be enough for HPV immunity

CDCreports that HPV vaccine is cost-effective

Airing of “The HPV Controversy” on TV show Katie

Couric releases acknowledgment that some criticism of the segment
“was valid”

Research finds that HPV vaccine does not increase sexual activity

CDCreports: “Safe and effective vaccine that prevents cancer continues to be
underutilized”

Bahk et al. Health Affairs. Feb 2016




EXHIBIT 3

Volume And Sentiment Of Mainstream Media Activity Referencing Broadcast Of “HPV Vaccine Controversy” Segment, Per
Day, December 2013-January 2014

1,000 —
“The HPV Controversy" airs on the TV show Katie Positive sentiment
B Negative sentiment

100 —
Katie Couric releases acknowledgment that some criticism of segment “was valid”

Mainstream media stories
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1,000 —
12/1/13  12/8/13  12/15/13 12/22/13 12/29/13  1/5/14 1/12/14  1/19/14  1/26/14

source Vaccine Sentimeter (Note 4 in text). NoTe The y axis uses a log scale.

Bahk et al. Health Affairs. Feb 2016




EXHIBIT 4
e —

Volume And Sentiment Of Tweets Referencing Broadcast Of “HPV Vaccine Controversy” Segment, Per Day, December
2013-January 2014

“The HPV Controversy” airs on the TV show Katie
1,000 — o :
Katie Couric releases acknowledgment that some criticism of segment “was valid” ™ Positive sentiment

B Negative sentiment
100 - &

Tweets
-
|
_ e = - W e e e

100 -

1,000 —
12/1/13  12/8/13  12/15/13 12/22/13 12/29/13  1/5/14  1/12/14  1/19/14  1/26/14

source Vaccine Sentimeter (Note 4 in text). NoTe The y axis uses a log scale.

Bahk et al. Health Affairs. Feb 2016




Dec 4, 2013 Airing of “The HPV Controversy” on TV show Katie

Dec 10, 2013 Couric releasing acknowledgement of the show’s bias
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| Discussion Points

Can detect signals that may relate to vaccination uptake

Can help anticipate, understand, and respond to the public’s
questions and concerns

Important differences between mainstream and social media

Additional work to be done:
« additional data sources
« overlay downstream factors
* increased/improved automated processing
« sustained operation of tool

Bahk et al. Health Affairs. Feb 2016



QUESTIONS?




